woO 2025/006340 A1 | 0000 KA1 00 00 00000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wor Organization > 0 OO0 OO 0 Y U T

International Bureau —;/// (10) International Publication Number

WO 2025/006340 A1

(43) International Publication Date
02 January 2025 (02.01.2025) WIPOIPCT

(51) International Patent Classification: (72) Inventors: HARVIAINEN, Tatu V.J.; Isokaari 6 a 1,
GOG6F 3/01 (2006.01) HO04N 21/40 (2011.01) 00200 Helsinki (FI). CHEN, Tao; 2365 Emerson St, Palo
GOG6F 16/40 (2019.01) Alto, California 94301 (US).

(21) International Application Number: (74) Agent: MCPARTLAND, Joseph O. et al; HALEY

PCT/US2024/035026 GUILIANO LLP, 75 Broad Street, Suite 1000, New York,

(22) International Filing Date: New York 10004 (US).

21 June 2024 (21.06.2024)  (81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(26) Publication Language: English CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, KG,

(25) Filing Language: English

(30) Priority Data:

18/214,283 26 June 2023 (26.06.2023) USsS KH, KN, KP, KR, KW, KZ. LA, LC, LK, LR, LS, LU, LY,
(71) Applicant: ADEIA GUIDES INC. [US/US]; 3025 Or- MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
chard Parkway, San Jose, California 95134 (US). NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,

RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,

(54) Title: SYSTEMS AND METHODS FOR BALANCING HAPTICS AND GRAPHICS RENDERING PROCESSING WITH
CONTENT ADAPTATION

(‘Jw :::”*; "i;?a %N Few. o N 5
! i ] i’COMPANY-"— ( ) .

124 126

Viewing | | Graphics,
client -+ audio, haptics

feedback

-
©f

e

_TOPPICK

SRR

-
@ Search 110@@;) ions @son(best match) ©show (all) 10:23am

g{GA {<Gamee‘Thrcnes i ) ~2N

Local ;| | Haptics
cache capabiliies
122

Calavant 104~ 2 i
Game Changers WithiKevin Frazier GAVE ORTHRONES !

a Jim Gaffigan

2 (abriel glesias
Game Change (2012) Noble **** in the seven
Galaxy Quest (1999} kingdoms of Westeros **

Spabe O tumberd Gamg, The control of the * #s+e

<wDelete Game Tbe =

et T TS T T T T
114

TV-MA, Drama, Fantasy

12~

Content server

120

- 118
108 Content authoring tool

Asses| | . SCEMe ™
SS18| | description

116~

Asset versions
for various
haptics and
graphics
capabilites

Presentation
descriptions

FIG. 1

(57) Abstract: Systems and methods are presented herein for balancing rendering of haptics and graphics of a version of media content
from a server at a client device. At a server, a request is received for a media asset for interaction on a haptic enabled device. Based on
the request, haptic feedback settings of the haptic enabled device associated with the request are determined. The server transmits to
the haptic enabled device a version of the media asset comprising haptic feedback rendering criteria compatible with the haptic enabled
device. The version of the media asset is comprised of graphics and haptics rendering criteria transmittable over a current network
connection strength between the server and the haptic enabled device and also incorporates user interaction data. The haptic enabled
device renders the version of the media asset based on the haptic feedback settings.
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SYSTEMS AND METHODS FOR BALANCING HAPTICS AND GRAPHICS
RENDERING PROCESSING WITH CONTENT ADAPTATION

Background

[0001] The present disclosure is directed to systems and methods for balancing rendering of
haptics and graphics of a media asset at a client device (e.g., a device for displaying and
interacting with content such as a virtual reality related device), and more particularly, to
systems and methods where rendering of graphics and haptics at a client device are
performed based on available versions of the media asset as well as the haptics capabilities
metrics of the client device, or elements of the content, from a server (e.g., a content platform
delivery server) that includes haptic feedback rending criteria and graphics rendering criteria

compatible with the haptics capabilities of the client device.

Summary
[0002] For extended reality (hereinafter “XR’) experiences (e.g., augmented reality, virtual

reality, or combinations thereof) to achieve an immersive (i.e., perceivable via multiple
sensory capabilities that are synchronized with audio or visual stimuli) illusion of virtual
elements being present in the physical space, haptics feedback will be an extremely important
output modality (e.g., incorporating physical stimulus to the viewer of content). Haptics
feedback devices are maturing. However, similar to the audio and visual capabilities of the
client devices, the haptics feedback will always have limitations. In order to achieve best
quality of experience, the feedback generated for the user should be consistent across all
sensory channels (i.e., visual, audio and haptics feedback should all match each other in order
to play together and not to break the illusion) and implementations of haptics enabled systems
should avoid conflicts between outputs of different sensory channels.

[0003] Limitations of haptics feedback devices can, for example, determine for how small
details in the virtual content the haptics feedback can generate feedback for. Additionally,
the limitations of the devices may also affect the ability of the device to generate feedback for
user perception corresponding to textures (e.g., soft or rough) based on types of tactile
feedback the device can generate. In order to enable the best possible experience for the end
user consuming the XR experience on the client device, all sensory output generated for the
user should be consistent. Where a device has limited haptics feedback capabilities, audio

and visual output generated for the user should be adapted to match the limitations of the
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haptics feedback. One important aspect of adapting other output modalities to the haptics
capabilities is how to ensure the original intent of the content creator is carried through
despite the adaptation.

[0004] Haptics feedback is often identified as the one key component missing from the XR
experiences of today, which can prevent rendering in entirety a full illusion of virtual
elements being part of the user’s reality. There are already haptic feedback devices available.
However, their use is currently mainly focusing on niche professional use cases such as
surgery training based on limitations of capabilities of the devices for rendering the haptic
feedback. Considering that haptics is such a key element for the next generation XR
experiences, there is a strong push for haptics technology to mature towards being ready for
widespread consumer use (e.g., beyond surgical applications and more directed to immersive
entertainment uses). Once the technology starts to move into being common part of the client
device capability, it is safe to assume that different feedback devices provided as add-on
modules or embedded with the client devices, will have very heterogeneous capabilities. The
problem caused by the fragmented haptics technology is identified by many players in the
standardization field (e.g., OpenXR, Institute of Electrical and Electronics Engineers, and
Haptics Industry Forum), and early work on addressing this issue is being started.

[0005] Immersive XR experiences are mostly distributed as single packages containing all
the data and application logic in one big distribution package chunk. XR entertainment may
increasingly employ similar streaming distribution strategies as is used with the video
content. For example, Moving Picture Experts Group (hereinafter “MPEG”) is actively
working on standards for immersive media and has various fully immersive content
developments in their roadmap. In addition to the current single distribution package
approach, especially adaptive streaming with Dynamic Adaptive Streaming over HTTP
(hereinafter “DASH”) approach is of interest within the scope of this disclosure. The
complexity of requirements to which streaming media needs to adjust to is increasing. A
combination of strategies, (e.g., MPEG-DASH) addresses dynamic variation in the streaming
media distribution bandwidth with focus on video content. With immersive XR content,
similar dynamic adaptive streaming will be needed but with a model that takes into account
requirements of immersive 3D rendering. Current state-of-the-art examples in adaptive 3D
content streaming are focusing on just a single spatial content type and only graphics
rendering, namely 3D data in polygon mesh format. These academic efforts expand content
adjustment schema at the client side from just adjusting to bandwidth limitations to also

adjusting to computing performance at the client side. Applicability of MPEG-DASH
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standard to transmit 3D data with multiple levels of detail (hereinafter “LoD”) together with
associated metadata is proposed as part of this disclosure. A progressive compression
algorithm for 3D graphics data suitable for adaptive LoD streaming is preferrable.

[0006] In the case of client device being able to provide haptics feedback, the nature of the
feedback can be limited. One approach to mitigate the shortcomings of the haptics feedback,
would be the dynamic adjustment of the graphics content characteristics to accommodate
fidelity of the haptics feedback. For example, if haptics can provide force feedback only to a
certain resolution (i.e., fidelity in terms of small details) graphics content is automatically
adjusted to remove details going below that threshold. Similarly, if the haptics feedback
rendering lacks the simulation capabilities required for certain level of soft deformable
material interaction, softness of the virtual materials in the scene could be automatically
adjusted accordingly. The adaptation needs to be done case by case based on the client’s
capabilities. The adaptation also needs to be done only for the elements that are part of the
haptics rendering. In many cases, most of the XR experience content is not part of the
haptics rendering and, therefore, should not be adapted to the haptics capabilities to avoid
reducing the quality of experience purposelessly.

[0007] Haptics feedback is considered lacking in XR entertainment, and therefore prevents
users from experience full immersion or consider XR entertainment an adequately full
illusion when the user is being present with the virtual environments. Imagine being able to
pick up a baseball bat in an XR baseball game by physically reaching to a baseball bat visible
in the XR scene and grabbing it while feeling hand and weight of the bat in your hand,
instead of poking thin air with the plastic VR controller while trying to find blindly the
correct button on the controller. However, devices capable of producing haptics feedback are
yet to develop to a stage acceptable for wide consumer use. Active development is being
done on the haptic feedback technology thanks to its critical role in enabling next generation
XR experiences.

[0008] In addition to the haptics feedback development, also novel solutions are required
on the content viewing solutions for seamless integration of haptics with the audiovisual XR
content and interaction. Haptic rendering is in general compute-intensive considering high
processing speed and low latency control loop for accuracy. It is typically to update force
feedback calculations at a rate of 1kHz or higher. There will be cases using a large number
of sensors and each requires a stream of high sampling rate to represent the calculated
rendering. Altogether the processing is intensive. Besides the computational complexity,

latency is an important aspect to consider at the rendering. Due to the higher sampling rate in
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haptic force collection, processing, encoding, and simulation, it requires dynamic adaptation
to the rendering of graphics and haptics in order to ensure a balance in the latencies. When
either graphic or haptic rendering exceeds latency requirements, it should be adapted with
compromises. In order to optimize the quality of experience, there must be a way to balance
computing resources of the client device between haptics rendering and graphics rendering.
This will require a solution for the client application to be able to determine the best
compromise between the fidelity of the haptics output and visual output with the limited
computing resources. This will require a novel solution that enables balancing and adaptation
of the content depending on the dynamic XR experience state and user intention.

[0009] In some embodiments, the disclosure is directed to a method for accomplishing the
above described improvements. The method includes receiving, at a server, a request for a
media asset for interaction on a haptic enabled device. Based on the request, haptic feedback
settings of the haptic enabled device associated with the request are determined. The server
transmits a version of the media asset comprising haptic feedback rendering criteria
compatible the haptic enabled device to the haptic enabled device. The version of the media
asset is rendered for display via the haptic enabled device based on the haptic feedback
settings.

[0010] In this solution, the viewing client software performs content adaptation to balance
the use of available computing resources between haptics and graphics rendering with the
goal of optimizing the end-user experience. To optimally support the end-user experience,
this solution prioritizes the use of rendering resources based on the recognition of the XR
experience scene state and user intention. Balancing is done by adjusting the fidelity level of
the assets used for the graphics and haptics rendering. Description of the assets is compiled
into a Media Presentation Description (hereinafter “MPD”) file, which the client uses to
request versions of the assets that match the haptic capabilities of the client device. The
intention is to ensure consistency in the experiences when visual and haptics occur
simultaneously. For those subjective experiences, users may exhibit different sensitivity, or
preference, to the visual and haptic sensations. Depending on a user’s profile (e.g., visual
setting preferences as compared with haptics feedback preferences) the system can balance
the rendering resource allocation towards one set of assets to render as opposed to all assets
or other, unpreferred assets of a media asset. For certain scenes of a media asset configured
for XR experience interactions, depending on the user profile or preference settings, content
creators may try to create multiple LoDs to draw the user’s focus on one aspect of the media

asset as opposed to a different aspect. It is a practical use case of intelligent selective
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rendering. Balancing of the computing resources is controlled by the viewing client.
Viewing clients have understanding of the current XR experience scene state and available
versions of the assets as well as corresponding computing requirements. An example goal of
the balancing between graphics and haptics rendering performed by the viewing client is to
optimize the quality of experience (QoE).

[0011] XR entertainment content consists of graphics rendering content elements and
haptics rendering content elements. Scene elements used for generating haptics feedback
during the XR experience execution have both graphics and haptics rendering content
elements, while elements only producing visual feedback, such as scene backdrops, have only
graphics content elements. During the XR experience execution, a viewing client will
monitor user behavior and infer the user intention and adapt the content to ensure quality of
experience by balancing the rendering, while also maintaining the computing required by the
XR experience execution within the computing performance limitations of the viewing client
device. The balancing has to consider several factors to successfully divide the computing
resources between haptics and graphics rendering. Balancing is bone by actively adjusting
fidelity level of individual assets that are used for graphics rendering and haptics rendering.
Fidelity levels of the assets are dynamically changing during the XR experience execution
due to the changing XR experience scene state and user input and intention. The focus of the
adaptation is to prioritize per asset the rendering that provides richer output for the user.
Visual quality is prioritized for the assets that the user is focusing visual inspection on,
haptics quality is prioritized for the assets the user is exploring using touch. For assets that
the user is currently looking at and touching, the integrity of the output, (i.e., avoiding
conflicts between prioritized aspects for rendering) between visual and haptics feedback is of
priority.

[0012] In some embodiments, required haptic resolution ranges for generating the media
asset for display via the haptic enabled device are determined. The required haptic resolution
ranges for generating the media asset for display are compared to haptic feedback capabilities
of the haptic enabled device. Based on the comparing, a determination is made whether the
media asset can be displayed via the haptic enabled device. In some embodiments, at least
two versions of the media asset are accessible via the server. A first version of the at least
two versions of the media comprises first haptic feedback criteria and a second version of the
at least two versions of the media asset comprises second haptic feedback criteria different

from the first haptic feedback criteria.
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[0013] In some embodiments, the haptic feedback rendering criteria comprises one or more
of kinesthetic feedback or tactile feedback required for generating the media asset for display
via the haptic enabled device. Additionally, or alternatively, the server identifies at least one
version of the asset. Based on a media presentation description associated with the media
asset, required haptic feedback settings for displaying the at least one version of the media
asset are determined. The required haptic feedback settings are compared to the haptic
feedback settings of the haptic enabled device. Based on the comparing, the at least one
version of the media asset is determined to be configured to be displayed via the haptic
enabled device.

[0014] In some embodiments, the haptic feedback settings of the haptic enabled device
comprise one or more of user preferred kinesthetic feedback ranges or user preferred tactile
feedback ranges. Additionally, or alternatively, the version of the media asset is rendered for
display based on rendering criteria defined by settings corresponding to the haptic feedback
device. The rendering criteria may be modified during display of the media asset based on
analysis of one or more user patterns of the haptic enabled device for a duration of time that
the media asset is displayed. The one or more user patterns comprise user response to haptic
feedback, user eye tracking with respect to elements of the media asset generated for display,

duration of use, or an activity level of a user for a duration that the media asset is displayed.

Brief Descriptions of the Drawings

[0015] The above and other objects and advantages of the disclosure may be apparent upon
consideration of the following detailed description, taken in conjunction with the
accompanying drawings, in which:

[0016] FIG. 1 illustrates a media asset rendering scenario based on a comparison of
available versions of a media asset to haptics capabilities of a client device, in accordance
with some embodiments of the disclosure;

[0017] FIGS. 2A and 2B depict exemplary client devices, in accordance with some
embodiments of the disclosure;

[0018] FIG. 3 is a flow chart representing an illustrative process for providing a version of a
media asset that is compatible with a haptics enabled device, in accordance with some
embodiments of the disclosure;

[0019] FIG. 4 depicts an illustrative flow chart representing how content pre-processing
interfaces with requests for content to stream via a haptics enabled client device, in

accordance with some embodiments of the disclosure;
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[0020] FIG. 5A is an exemplary media presentation description for a media asset without
haptic feedback rendering criteria, in accordance with some embodiments of the disclosure;
[0021] FIG. 5B is an exemplary media presentation description for a media asset with
haptic feedback rendering criteria, in accordance with some embodiments of the disclosure;
[0022] FIG. 6 1s a flow chart representing an illustrative process for rendering a media asset
based on haptic capabilities of a haptic enabled client device, in accordance with some
embodiments of the disclosure;

[0023] FIG. 7 is a flow chart representing an illustrative process for processing a request for
a media asset, in accordance with some embodiments of the disclosure;

[0024] FIG. 8 illustrates a media asset rendering scenario based on a comparison of
rendering criteria of a media asset to user and device sourced media asset rendering settings,
in accordance with some embodiments of the disclosure;

[0025] FIG. 9 is a flow chart representing an illustrative process for rendering a version of a
media asset at a haptic enabled client device based on haptic feedback settings of the haptic
enabled client device, in accordance with some embodiments of the disclosure;

[0026] FIG. 10 depicts examples of haptics fidelity levels as each level relates to haptic
feedback experienced by a user of a haptics enabled client device, in accordance with some
embodiments of the disclosure;

[0027] FIG. 11 depicts an example scene graph including nodes of an object transformation
tree for objects corresponding to a haptic feedback enabled media asset, in accordance with
some embodiments of the disclosure;

[0028] FIG. 12 is a flow chart representing an illustrative process for processing a media
asset based on haptic feedback settings of a haptic enabled client device, in accordance with
some embodiments of the disclosure;

[0029] FIG. 13 is a flow chart representing an illustrative process for identifying haptic
feedback settings for rendering a haptic enabled media asset on a haptic enabled client
device, in accordance with some embodiments of the disclosure;

[0030] FIG. 14A depicts different versions of a rendered object based on haptic feedback
settings of a haptic enabled client device, in accordance with some embodiments of the
disclosure;

[0031] FIG. 14B illustrates different versions of an object that can be rendered via a haptic
enabled client device based on haptic feedback settings corresponding to the haptic enabled

client device, in accordance with some embodiments of the disclosure;
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[0032] FIG. 15 illustrates a scenario where object rendering within a haptics enabled media
asset is based on a user’s interaction with different objects, in accordance with some
embodiments of the disclosure;

[0033] FIG. 16 illustrates a scenario where object rendering within a haptics enabled media
asset is based on a user’s interaction with different objects, in accordance with some
embodiments of the disclosure;

[0034] FIG. 17 illustrates a scenario where object rendering within a haptics enabled media
asset is based on a user’s interaction with different objects, in accordance with some
embodiments of the disclosure;

[0035] FIG. 18 is a flow chart representing an illustrative process for balancing haptic
feedback rendering and graphics rendering of different aspects of a media asset, in
accordance with some embodiments of the disclosure; and

[0036] FIG. 19 is a flow chart representing an illustrative process for rendering a haptics
enabled asset based on various settings corresponding to a haptics enabled client device, in

accordance with some embodiments of the disclosure.

Detailed Description

[0037] Methods and systems are provided herein for adapting content (e.g., a media asset)
to the haptic capabilities of a client device based at least in part on available versions of the
media asset, each version of the media asset having different haptic feedback rendering
criteria compatible with different client devices.

[0038] The methods and/or any instructions for performing any of the embodiments
discussed herein may be encoded on computer-readable media. Computer-readable media
includes any media capable of storing data. The computer-readable media may be transitory,
including, but not limited to, propagating electrical or electromagnetic signals, or may be
non-transitory including, but not limited to, volatile and non-volatile computer memory or
storage devices such as a hard disk, floppy disk, USB drive, DVD, Blu-ray, CD, media cards,
register memory, processor caches, Random Access Memory (RAM), etc.

[0039] FIG. 1 depicts media asset rendering scenario 100 where client device 102 is used to
request a version of media asset 104 that has haptics feedback supportable by client device
102, in accordance with some embodiments of the disclosure. Media asset rendering scenario
100 may incorporate or be incorporated into any or all of the elements depicted in one or

more of FIGS. 2-19. Media asset rendering scenario 100 may be executed, in whole or in
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part, by one or more components of the devices of FIG. 2A and 2B, and may be executed
using one or more steps of the methods depicted via FIGS. 3,4, 6, 7,9, 12, 13, 18 or 19.
[0040] Media asset rendering scenario 100 shows user 106 interacting with media platform
108 using client device 102. Client device 102 is a haptic feedback enabled device, e.g., a
haptics enabled device configured to provide haptic feedback to user 106 based on the
rendering of haptic responses provided as part of media asset 104. User 106 is shown
requesting a version of media asset 104 via client device 102. The request may be a voice to
text input, a text input based on a keyboard input, a text input based on eye movement
tracking enabled by a head mounted aspect of client device 102, a selection of a media asset
icon on a user interface, or combinations thereof. As shown in FIG. 1, user 106 has provided
text string 110 to the shown user interface of media platform 108 to perform a search based
on text string 110 to identify media asset 104. Media platform 108 receives the request at
content server 112 through wireless network 114. Content server 112 is configured to receive
media assets and multiple versions thereof from content authoring tool 116. Content
authoring tool 116 may be independent from media platform 108, may be sourced by media
platform 108, or some combination thereof, in order to provide access to user 106 to different
versions of media asset 104 via content server 112.

[0041] Content server 112 receives the user request based on information transmitted from
client device 102 through wireless network 114 to content server 112 in order to identify a
version of media asset 104 available via content server 112 to transmit through wireless
network 114 for rendering at client device 102. As shown in FIG. 1, content server 112 is
configured to store media asset versions 118 and corresponding media presentation
descriptions (MPDs) 120. Each of MPDs 120 provide information related to haptics
capabilities enabled by each of media asset versions 118. For example, a first version of
media asset versions 118 may result in a version of media asset 104 being transmitted to
client device 102 that enables haptic feedback via hand sensors of client device 102 while a
second version of media asset versions 118 may result in a version of media asset 104 being
transmitted to client device 102 that lacks any haptic feedback enablement during rendering
of media asset 104. The selection or determination at content server 112 of which version of
media asset 104 to transmit to client device 102 is based at least in part on haptic feedback
settings 122 as stored on or accessible via viewing client 124.

[0042] Viewing client 124 corresponds to one or more processing units of client device 102
that enables a local cache (e.g., a portion of memory of client device 102) to be used to

receive transmitted portions of media asset 104 from content server 112 through wireless
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network 114 such that haptics capabilities 122 and device settings 126 can be compared to
MPD 120 of media asset 104. Haptics capabilities 122 include a list of haptic feedback
options that can be rendered by client device 102 for perception by user 106. For example, if
user 106 only uses head mounted display 128, then content server 112 will identify and
transmit one of media asset versions 118 with MPD 120 corresponding to haptic feedback
rendering by head mounted display 128. In another example, if user 106 uses head mounted
display 128 and pairs haptic hand sensors 130 to have client device 102 capable of rendering
haptic feedback based on these two devices, then client server 112 will transmit one of media
asset versions 118 with MPD 120 corresponding to haptic feedback rendering by both head
mounted display 128 and haptic hand sensors 130. In some embodiments, client device 102
transmits data related to device settings 126 and haptics capabilities 122 to content server 112
for identifying which of media asset versions to identify for transmission to viewing client
124 of client device 102 based at least in part on a comparison of one or more of device
settings 126 or haptics capabilities 122 to one or more of MPDs 120 in order to identify a
proper version of media asset 104 to transmit. In some embodiments, client device 102
further comprises haptic vest 132, which is configured to generate haptic feedback around the
torso of user 106. Haptic vest 132 is communicatively coupled and synchronized with head
mounted display 128 and haptic hand sensors 130 to provide an immersive experience of
media asset 104 for user 106.

[0043] FIG. 2A depicts system 200, which includes an exemplary client device interfacing
with an exemplary server, in accordance with some embodiments of the disclosure. System
200 1s shown to include a computing device 202, a server 204 and a communication network
206. It is understood that while a single instance of a component may be shown and
described relative to FIG. 2, additional instances of the component may be employed. For
example, server 204 may include, or may be incorporated in, more than one server.

Similarly, communication network 206 may include, or may be incorporated in, more than
one communication network. Server 204 is shown communicatively coupled to computing
device 202 through communication network 206. While not shown in FIG. 2, server 204 may
be directly communicatively coupled to computing device 202, for example, in a system
absent or bypassing communication network 206.

[0044] Communication network 206 may comprise one or more network systems, such as,
without limitation, an internet, LAN, WIFI or other network systems suitable for audio
processing applications. In some embodiments, system 200 excludes server 204, and

functionality that would otherwise be implemented by server 204 is instead implemented by
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other components of system 200, such as one or more components of communication
network 206. In still other embodiments, server 204 works in conjunction with one or more
components of communication network 206 to implement certain functionality described
herein in a distributed or cooperative manner. Similarly, in some embodiments, system 200
excludes computing device 202, and functionality that would otherwise be implemented by
computing device 202 is instead implemented by other components of system 200, such as
one or more components of communication network 206 or server 204 or a combination. In
still other embodiments, computing device 202 works in conjunction with one or more
components of communication network 206 or server 204 to implement certain functionality
described herein in a distributed or cooperative manner.

[0045] Computing device 202 includes control circuitry 208, display 210 and input circuitry
212. Control circuitry 208 in turn includes communication circuitry 226, storage 222 and
processing circuitry 218. In some embodiments, computing device 202 or control circuitry
208 may be configured as computing device 202 of FIG. 2B.

[0046] Server 204 includes control circuitry 234 and storage 238. Each of storages 222 and
238 may be an electronic storage device. As referred to herein, the phrase “electronic storage
device” or “storage device” should be understood to mean any device for storing electronic
data, computer software, or firmware, such as random-access memory, read-only memory,
hard drives, optical drives, digital video disc (DVD) recorders, compact disc (CD) recorders,
BLU-RAY disc (BD) recorders, BLU-RAY 4D disc recorders, digital video recorders
(DVRs, sometimes called personal video recorders, or PVRs), solid state devices, quantum
storage devices, gaming consoles, gaming media, or any other suitable fixed or removable
storage devices, and/or any combination of the same. Each storage 222, 238 may be used to
store various types of content, metadata, and or other types of data (e.g., they can be used to
store user statistics or group statistics, difficult level values, user and plurality of user
performance data or user performance metric, starting and endings of checkpoints, data
relating to home automation devices and their settings and any user preferences, lists of
recommendations and remedial actions, and ML, and AT algorithms). Non-volatile memory
may also be used (e.g., to launch a boot-up routine and other instructions). Cloud-based
storage may be used to supplement storages 222, 238 or instead of storages 222, 238. In
some embodiments, data relating to displaying an extend reality experience, setting difficulty
levels in an extended reality experience, to obtaining user metrics during an extended reality
experience, such as an immersive XR or AR media asset, from a plurality of users to generate

median data, comparing median data with a current user’s current data to determine whether

11



10

15

20

25

30

WO 2025/006340 PCT/US2024/035026

the current user is or will be experiencing similar outcomes in the extended reality
experience, determining starting and ending checkpoints for monitoring a current user,
providing remedial actions based on user or plurality of user performance, managing
difficulty levels and adjusting as needed based on user interactions, managing motion
sickness, performing home automation functions, and executing artificial intelligence or
machine learning algorithms to manage difficulty levels, motion sickness, or home
automation, and data relating to all other processes and features described herein, may be
recorded and stored in one or more of storages 222, 238.

[0047] In some embodiments, control circuitry 234 and/or 208 executes instructions for an
application stored in memory (e.g., storage 238 and/or storage 222). Specifically, control
circuitry 234 and/or 208 may be instructed by the application to perform the functions
discussed herein. In some implementations, any action performed by control circuitry 234
and/or 208 may be based on instructions received from the application. For example, the
application may be implemented as software or a set of executable instructions that may be
stored in storage 238 and/or 222 and executed by control circuitry 234 and/or 208. In some
embodiments, the application may be a client/server application where only a client
application resides on computing device 202, and a server application resides on server 204,
[0048] The application may be implemented using any suitable architecture. For example,
it may be a stand-alone application wholly implemented on computing device 202. In such
an approach, instructions for the application are stored locally (e.g., in storage 222), and data
for use by the application is downloaded on a periodic basis (e.g., from an out-of-band feed,
from an internet resource, or using another suitable approach). Control circuitry 208 may
retrieve instructions for the application from storage 222 and process the instructions to
perform the functionality described herein. Based on the processed instructions, control
circuitry 208 may determine a type of action to perform in response to input received from
input circuitry 212 or from communication network 206. Other such processes are described
at least in FIGS. 3, 4, 6, 7,9, 12, 13, 18 or 19.

[0049] In client/server-based embodiments, control circuitry 208 may include
communication circuitry suitable for communicating with an application server (e.g., server
204) or other networks or servers. The instructions for carrying out the functionality
described herein may be stored on the application server. Communication circuitry may
include a cable modem, an Ethernet card, or a wireless modem for communication with other
equipment, or any other suitable communication circuitry. Such communication may involve

the internet or any other suitable communication networks or paths (e.g., communication
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network 206). In another example of a client/server-based application, control circuitry 208
runs a web browser that interprets web pages provided by a remote server (e.g., server 204).
For example, the remote server may store the instructions for the application in a storage
device. The remote server may process the stored instructions using circuitry (e.g., control
circuitry 208) and/or generate displays. Computing device 202 may receive the displays
generated by the remote server and may display the content of the displays locally via display
210. This way, the processing of the instructions is performed remotely (e.g., by server 204)
while the resulting displays, such as the display windows described elsewhere herein, are
provided locally on computing device 202. Computing device 202 may receive inputs from
the user via input circuitry 212 and transmit those inputs to the remote server for processing
and generating the corresponding displays. Alternatively, computing device 202 may receive
inputs from the user via input circuitry 212 and process and display the received inputs
locally, by control circuitry 208 and display 210, respectively.

[0050] Server 204 and computing device 202 may transmit and receive content and data
such as objects, frames, snippets of interest, and input from primary devices and secondary
devices, such as AR or XR devices. Control circuitry 234, 208 may send and receive
commands, requests, and other suitable data through communication network 206. Control
circuitry 234, 208 may communicate directly with each other using communication circuitry
226 and 232, respectively, avoiding communication network 206.

[0051] It is understood that computing device 202 is not limited to the embodiments and
methods shown and described herein. In nonlimiting examples, computing device 202 may
be a virtual, augmented, or mixed reality headset, smart glasses, or a device that can perform
function in the metaverse (e.g., as shown in FIGS. 1 and 2B), a primary device, a personal
computer (PC), a laptop computer, a tablet computer, a WebTV box, a personal computer
television (PC/TV), a PC media server, a PC media center, a handheld computer, a mobile
telephone, a smartphone, or any other device, computing equipment, or wireless device,
and/or combination of the same capable of suitably displaying primary content and secondary
content.

[0052] Control circuitry 234 and/or 208 may be based on any suitable processing circuitry
such as processing circuitry 218 and/or 236, respectively. As referred to herein, processing
circuitry should be understood to mean circuitry based on one or more microprocessors,
microcontrollers, digital signal processors, programmable logic devices, field-programmable
gate arrays (FPGAs), application-specific integrated circuits (ASICs), etc., and may include a

multi-core processor (e.g., dual-core, quad-core, hexa-core, or any suitable number of cores).
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In some embodiments, processing circuitry may be distributed across multiple separate
processors, for example, multiple of the same type of processors (e.g., two Intel Core 19
processors) or multiple different processors (e.g., an Intel Core 17 processor and an Intel Core
19 processor). In some embodiments, control circuitry 234 and/or control circuitry 208 are
configured to display an extend reality experience, set difficulty levels in an extended reality
experience, to obtain user metrics during an extended reality experience, such as an AR or
XR immersive media asset configured to be rendered by a client device with haptic feedback
capabilities, from a plurality of users to generate median data, compare median data with a
current user’s current data to determine whether the current user is or will be experiencing
similar outcomes in the extended reality experience, determine starting and ending
checkpoints for monitoring a current user, provide remedial actions based on user or plurality
of user performance, manage difficulty levels and adjust as needed based on user interactions,
manage motion sickness, perform home automation functions, and execute artificial
intelligence or machine learning algorithms to manage difficulty levels, motion sickness, or
home automation, and perform all processes described and shown in connection with
flowcharts 1, 7, 9, and 13A, 13B.

[0053] User input 204 may be received from virtual, augmented or mixed reality headsets,
mobile data, smart glasses. Transmission of user input 204 to computing device 202 may be
accomplished using a wired connection, such as an audio cable, USB cable, ethernet cable or
the like attached to a corresponding input port at a local device, or may be accomplished
using a wireless connection, such as Bluetooth, WIFI, WIMAX, GSM, UTMS, CDMA,
TDMA, 3G, 4G, 4G LTE, 5@, or any other suitable wireless transmission protocol. Input
circuitry 212 may comprise a physical input port such as a 3.5mm audio jack, RCA audio
jack, USB port, ethernet port, or any other suitable connection for receiving audio over a
wired connection or may comprise a wireless receiver configured to receive data via
Bluetooth, WIFI, WiMAX, GSM, UTMS, CDMA, TDMA, 3G, 4G, 4G LTE, 5G, or other
wireless transmission protocols.

[0054] Processing circuitry 218 may receive input 204 from input circuit 212. Processing
circuitry 218 may convert or translate the received user input 204 that may be in the form of
voice input into a microphone, or movement or gestures to digital signals. In some
embodiments, input circuit 212 performs the translation to digital signals. In some
embodiments, processing circuitry 218 (or processing circuitry 236, as the case may be)

carries out disclosed processes and methods. For example, processing circuitry 218 or
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processing circuitry 236 may perform processes as described in reference to FIGS. 3, 4, 6, 7,
9,12, 13, 18 or 19.

[0055] FIG. 2B shows a generalized embodiment of computing device 202 from FIG. 2A,
corresponding to at least a portion of client device 102 of FIG. 1, in accordance with some
embodiments of the disclosure. Computing device 202 may be a smartphone device, a tablet,
a virtual reality or augmented reality device, or any other suitable device capable of
processing data corresponding to an immersive haptic feedback enabled media asset. In
another example, a user equipment device, such as a user television equipment system or
streaming interface device, may include media access device 256. Media access device 256
may be communicatively connected to haptic enabled headset 258, audio input equipment
(e.g., headset microphone 260), and display 210. In some embodiments, display 210 may be a
television display or a computer display. In some embodiments, display 210 may be a
display in an HMD or an XR device. As shown in FIG. 2B, display 210 may be
communicatively coupled to or may comprise head mounted display 262, which also is
shown in FIG. 2B as being communicatively coupled to one or more of user input interface
264 (e.g., may display user input interface 264 with capabilities to receive user inputs via
input/output circuitry 212 of FIG. 2A) or haptic feedback hand devices 270 (e.g., configured
to enable a user to provide inputs to user input interface 264 as the user would by a remote or
a communicatively coupled computer mouse or joystick), while also being communicatively
coupled to media access device 256. In some embodiments, user input interface 264 may be
a remote-control device. Media access device 256 may include one or more circuit boards.
In some embodiments, the circuit boards may include control circuitry, processing circuitry,
and storage (e.g., RAM, ROM, hard disk, removable disk, etc.). In some embodiments, the
circuit boards may include an input/output path.

[0056] Each one of computing device 202 and user equipment device 801 may receive
content and data via input/output (I/O) path (e.g., circuitry) 266, which may communicatively
interface with head mounted display 262. 1/O path 266 may provide content (e.g., broadcast
programming, on-demand programming, Internet content, content available over a local area
network (LAN) or wide area network (WAN), and/or other content) and data to control
circuitry 208, which may comprise processing circuitry 218 and storage 222 of FIG. 2A.
Control circuitry 208 may be used to send and receive commands, requests, and other suitable
data using I/O path 266, which may comprise I/O circuitry. 1/O path 266 may connect
control circuitry 208 (and specifically processing circuitry 218) to one or more

communications paths (described below). I/O functions may be provided by one or more of
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these communications paths, but are shown as a single path in FIG. 2B to avoid
overcomplicating the drawing. While media access device 256 is shown in FIG. 2B for
illustration, any suitable computing device having processing circuitry, control circuitry, and
storage may be used in accordance with the present disclosure. For example, media access
device 256 may be replaced by, or complemented by, a personal computer (e.g., a notebook,
a laptop, a desktop), a smartphone (e.g., device 202), a tablet, a network-based server hosting
a user-accessible client device, a non-user-owned device, any other suitable device, or any
combination thereof.

[0057] Control circuitry 208 may be based on any suitable control circuitry such as
processing circuitry 218. As referred to herein, control circuitry should be understood to
mean circuitry based on one or more microprocessors, microcontrollers, digital signal
processors, programmable logic devices, field-programmable gate arrays (FPGAs),
application-specific integrated circuits (ASICs), etc., and may include a multi-core processor
(e.g., dual-core, quad-core, hexa-core, or any suitable number of cores) or supercomputer. In
some embodiments, control circuitry may be distributed across multiple separate processors
or processing units, for example, multiple of the same type of processing units (e.g., two Intel
Core 17 processors) or multiple different processors (e.g., an Intel Core 15 processor and an
Intel Core 17 processor). In some embodiments, control circuitry 208 executes instructions
for the immersive video application stored in memory (e.g., storage 222 or 238 of FIG. 2A).
Specifically, control circuitry 208 may be instructed by the immersive video application to
perform the functions discussed above and below. In some implementations, processing or
actions performed by control circuitry 208 may be based on instructions received from the
immersive video application.

[0058] In client/server-based embodiments, control circuitry 208 may include
communications circuitry suitable for communicating with a server or other networks or
servers. The immersive video application may be a stand-alone application implemented on a
device or a server. The immersive video application may be implemented as software or a set
of executable instructions. The instructions for performing any of the embodiments
discussed herein of the immersive video application may be encoded on non-transitory
computer-readable media (e.g., a hard drive, random-access memory on a DRAM integrated
circuit, read-only memory on a BLU-RAY disk, etc.). For example, in FIG. 2B, the
instructions may be executed by control circuitry 208 of computing device 202 while being

stored via one or more processors shown in FIG. 2A.
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[0059] In some embodiments, the immersive video application may be a client/server
application where only the client application resides on computing device 202, and a server
application resides on an external server (e.g., server 204 of FIG. 2A). For example, the
immersive video application may be implemented partially as a client application on control
circuitry 208 of computing device 202 and partially on server 204 as a server application
running on control circuitry 234. Server 204 may be a part of a local area network with one
or more computing devices 202 or may be part of a cloud computing environment accessed
via the internet. In a cloud computing environment, various types of computing services for
performing searches on the internet or informational databases, providing seamless virtual
space traversing capabilities, providing storage (e.g., for a database) or parsing data (e.g.,
using machine learning algorithms) are provided by a collection of network-accessible
computing and storage resources (e.g., server 204 and multiples of computing device 202),
referred to as “the cloud.” Computing device 202 may be a cloud client that relies on the
cloud computing capabilities from server 204 to determine whether processing (e.g., at least a
portion of virtual background processing and/or at least a portion of other processing tasks)
should be offloaded from the mobile device, and facilitate such offloading. When executed
by control circuitry of server 204, the immersive video application may instruct control
circuitry 234 or 208 to perform processing tasks for the client device and facilitate the
seamless virtual space traversing.

[0060] Control circuitry 208 may include communications circuitry suitable for
communicating with a server, edge computing systems and devices, a table or database
server, or other networks or servers. The instructions for carrying out the above mentioned
functionality may be stored on a server. Communications circuitry may include a cable
modem, an integrated services digital network (ISDN) modem, a digital subscriber line
(DSL) modem, a telephone modem, Ethernet card, or a wireless modem for communications
with other equipment, or any other suitable communications circuitry. Such communications
may involve the Internet or any other suitable communication networks or paths. In addition,
communications circuitry may include circuitry that enables peer-to-peer communication of
user equipment devices, or communication of user equipment devices in locations remote
from each other (described in more detail below).

[0061] Memory may be an electronic storage device that is part of control circuitry 208. As
referred to herein, the phrase “electronic storage device” or “storage device” should be
understood to mean any device for storing electronic data, computer software, or firmware,

such as random-access memory, read-only memory, hard drives, optical drives, digital video
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disc (DVD) recorders, compact disc (CD) recorders, BLU-RAY disc (BD) recorders, BLU-
RAY 3D disc recorders, digital video recorders (DVR, sometimes called a personal video
recorder, or PVR), solid state devices, quantum storage devices, gaming consoles, gaming
media, or any other suitable fixed or removable storage devices, and/or any combination of
the same. The storage may be used to store various types of content described herein as well
as immersive video application data described above. Nonvolatile memory may also be used
(e.g., to launch a boot-up routine and other instructions). Cloud-based storage may also be
used to supplement storage 238 of FIG. 2A or instead of storage 222.

[0062] Control circuitry 208 may include video generating circuitry and tuning circuitry,
such as one or more analog tuners, one or more MPEG-2 decoders or other digital decoding
circuitry, high-definition tuners, or any other suitable tuning or video circuits or combinations
of such circuits. Encoding circuitry (e.g., for converting over-the-air, analog, or digital
signals to MPEG signals for storage) may also be provided. Control circuitry 208 may also
include scaler circuitry for up converting and down converting content into the preferred
output format of computing device 202. Control circuitry 208 may also include digital-to-
analog converter circuitry and analog-to-digital converter circuitry for converting between
digital and analog signals. The tuning and encoding circuitry may be used by computing
device 202 to receive and to display, to play, or to record content. The tuning and encoding
circuitry may also be used to receive video data for seamless interspace traversing. The
circuitry described herein, including for example, the tuning, video generating, encoding,
decoding, encrypting, decrypting, scaler, and analog/digital circuitry, may be implemented
using software running on one or more general purpose or specialized processors. Multiple
tuners may be provided to handle simultaneous tuning functions (e.g., watch and record
functions, picture-in-picture (PIP) functions, multiple-tuner recording, etc.). If storage is
provided as a separate device from computing device 202, the tuning and encoding circuitry
(including multiple tuners) may be associated with the storage.

[0063] Control circuitry 208 may receive instruction from a user by way of user input
interface 264. User input interface 264 may be any suitable user interface, such as a remote
control, mouse, trackball, keypad, keyboard, touch screen, touchpad, stylus input, joystick,
voice recognition interface, or other user input interfaces (e.g., an interface configured to
receive inputs from haptic feedback hand devices 270). Display 210 may be provided as a
stand-alone device or integrated with other elements of each one of computing device 202.
For example, display 210 may be a touchscreen or touch-sensitive display. In such

circumstances, user input interface 264 may be integrated with or combined with display 210
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(e.g., where haptic feedback hand devices 270 is configured to enable a user to interact with
or manipulate aspects of a media asset interface displayed via head mounted display 262). In
some embodiments, user input interface 264 includes a remote-control device having one or
more microphones, buttons, keypads, and any other components configured to receive user
input or combinations thereof. For example, user input interface 264 may include a handheld
remote-control device having an alphanumeric keypad and option buttons (e.g., haptic
feedback hand devices 270). In a further example, user input interface 264 may include a
handheld remote-control device having a microphone and control circuitry configured to
receive and identify voice commands and transmit information to media access device 256.
[0064] Headset microphone 260 may be integrated with or combined with display 210.
Display 210 may be one or more of a monitor, a television, a liquid crystal display (LCD) for
a mobile device, amorphous silicon display, low-temperature polysilicon display, electronic
ink display, electrophoretic display, active matrix display, electro-wetting display, electro-
fluidic display, cathode ray tube display, light-emitting diode display, electroluminescent
display, plasma display panel, high-performance addressing display, thin-film transistor
display, organic light-emitting diode display, surface-conduction electron-emitter display
(SED), laser television, carbon nanotubes, quantum dot display, interferometric modulator
display, or any other suitable equipment for displaying visual images. A video card or
graphics card may generate the output to the display 210. Headset microphone 260 may be
provided as integrated with other elements of each one of computing device 202 or may be
stand-alone units. An audio component of videos and other content displayed on display 210
may be played through speakers (or headphones) of haptic enabled headset 258. In some
embodiments, audio may be distributed to a receiver (not shown), which processes and
outputs the audio via speakers of haptic enabled headset 258. In some embodiments, for
example, control circuitry 208 is configured to provide audio cues to a user, or other audio
feedback to a user, using speakers of haptic enabled headset 258. There may be a separate
haptic enabled headset 258 or headset microphone 260 may include a microphone configured
to receive audio input such as voice commands or speech. For example, a user may speak
letters or words that are received by the microphone and converted to text by control circuitry
208. In a further example, a user may voice commands that are received by a microphone
and recognized by control circuitry 208. Recording device 268 may be any suitable video
camera integrated with the equipment or externally connected. Recording device 268 may be

a digital camera comprising a charge-coupled device (CCD) and/or a complementary metal-
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oxide semiconductor (CMOS) image sensor. Recording device 268 may be an analog camera
that converts to digital images via a video card.

[0065] The immersive video application may be implemented using any suitable
architecture. For example, it may be a stand-alone application wholly implemented on each
one of computing device 202. In such an approach, instructions of the application may be
stored locally, and data for use by the application is downloaded on a periodic basis (e.g.,
from an out-of-band feed, from an Internet resource, or using another suitable approach).
Control circuitry 208 may retrieve instructions of the application from storage and process
the instructions to provide seamless interspace traversing functionality and perform any of the
actions discussed herein. Based on the processed instructions, control circuitry 208 may
determine what action to perform when input is received from user input interface 264. For
example, movement of a cursor on a display up/down may be indicated by the processed
instructions when user input interface 264 indicates that an up/down button was selected
(e.g., based on inputs provided via haptic feedback hand devices 270). An application and/or
any instructions for performing any of the embodiments discussed herein may be encoded on
computer-readable media. Computer-readable media includes any media capable of storing
data. The computer-readable media may be non-transitory including, but not limited to,
volatile and non-volatile computer memory or storage devices such as a hard disk, floppy
disk, USB drive, DVD, CD, media card, register memory, processor cache, Random Access
Memory (RAM), etc.

[0066] In some embodiments, the immersive video application is a client/server-based
application. Data for use by a thick or thin client implemented on each one of computing
device 202 and may be retrieved on-demand by issuing requests to a server remote to each
one of computing device 202. For example, the remote server may store the instructions for
the application in a storage device. The remote server may process the stored instructions
using circuitry (e.g., control circuitry 208) and generate the displays discussed above and
below. The client device may receive the displays generated by the remote server and may
display the content of the displays locally on computing device 202. This way, the
processing of the instructions is performed remotely by the server while the resulting displays
(e.g., that may include text, a keyboard, or other visuals) are provided locally on computing
device 202. Computing device 202 may receive inputs from the user via input interface 264
and transmit those inputs to the remote server for processing and generating the
corresponding displays. For example, computing device 202 may transmit a communication

to the remote server indicating that an up/down button was selected via input interface 264

20



10

15

20

25

30

WO 2025/006340 PCT/US2024/035026

(e.g., based on one or more inputs provided via one or more of haptic feedback hand devices
270 or head mounted display 262). The remote server may process instructions in
accordance with that input and generate a display of the application corresponding to the
input (e.g., a display that moves a cursor up/down). The generated display is then transmitted
to device 800 for presentation to the user.

[0067] In some embodiments, the immersive video application may be downloaded and
interpreted or otherwise run by an interpreter or virtual machine (run by control circuitry
208). In some embodiments, the immersive video application may be encoded in the ETV
Binary Interchange Format (EBIF), received by control circuitry 208 as part of a suitable
feed, and interpreted by a user agent running on control circuitry 208. For example, the
immersive video application may be an EBIF application. In some embodiments, the
immersive video application may be defined by a series of JAVA-based files that are received
and run by a local virtual machine or other suitable middleware executed by control circuitry
208. In some of such embodiments (e.g., those employing MPEG-2 or other digital media
encoding schemes), immersive video application may be, for example, encoded and
transmitted in an MPEG-2 object carousel with the MPEG audio and video packets of a
program.

[0068] FIG. 3 is a flow chart representing process 300 for providing a version of a media
asset that is compatible with a haptics enabled device, in accordance with some embodiments
of the disclosure. Process 300 may be executed by processing circuitry on a client user
device, may be executed at a server (e.g., a server for media content distribution), or
combinations thereof (e.g., any of the systems and devices described herein). The various
devices and systems described herein may comprise one or more processors with one or more
aspects of this, and other processes of this disclosure, encoded thereon by a non-transitory
computer readable medium comprising non-transitory computer readable instructions for
executing the one or more aspects (e.g., process blocks) of this and other processes of this
disclosure, whether the non-transitory computer readable medium includes one or more
aspects independently on at least one processor (or processing units thereof), or in
combination across instructions store on at least two different processors.

[0069] At process block 302, a request for a media asset for interaction on a haptic enabled
device is received at a server. The request may be generated based on the scenario described
in reference to and shown via FIG. 1. At process block 304, haptic feedback capabilities of
the haptic enabled device associated with the request are determined based on the request.

For example, the haptic enabled device may be a client device that is communicatively
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coupled to one or more haptic feedback sensor units (e.g., as shown in FIGS. 1-2B) and the
client device may modify the request to include metadata or other descriptive data to optimize
a search on the server end based on the device capabilities related to haptic feedback
rendering. At process block 306, the haptic feedback capabilities of the haptic enabled device
are compared to the haptic feedback rendering criteria of one or more versions of the media
asset available via the server. For example, the device may only have a haptic feedback
enabled headset coupled to a display. As a result, a version of the media asset that only has
rendering criteria for a haptic feedback enabled headset will be searched for. This prevents
additional unusable rendering data from being downloaded to the device, which may impact
the quality of rendering of the AR or XR experience for the user.

[0070] At process block 308, it is determined (e.g., at the server, the client device, or
combination thereof), based on the comparing, whether the haptic enabled device satisfies a
minimum requirement of the haptic feedback capabilities for display at least one version of
the media asset via the haptic enabled device. For example, each stored version of the media
asset may have minimum haptic feedback rendering criteria to ensure an appropriate level of
immersion for a user (e.g., in addition to requiring a haptic feedback headphone being paired
with the client device, a haptic feedback hand device may be required to allow a user to
provide inputs to progress through the media asset). The comparison corresponding to the
device capabilities and the search for the media asset version is considerably streamlined as
the request criteria now limits the number of candidate versions of the media asset, thereby
enabling a user to access an appropriate version of the media asset sooner than would be
required when transmitting, downloading, and processing data related to unusable or
incompatible aspects of a media asset from a client device perspective. At process block 310,
the at least one version of the media asset is provided for display (e.g., rendering) via the
haptic enabled device by transmitting the at least one version of the media asset from the
server to the haptic enabled device. At process block 312, a version of the media asset
comprising haptic feedback rendering criteria compatible with the haptic feedback
capabilities of the haptic enabled device is transmitted from the server to the haptic enabled
device (e.g., as shown in FIG. 1).

[0071] FIG. 4 depicts content processing scenario 400 representing how content pre-
processing interfaces with requests for content to stream via a haptics enabled client device,
in accordance with some embodiments of the disclosure. Content processing scenario 400
may be executed by processing circuitry on a client user device, may be executed at a server

(e.g., a server for media content distribution), or combinations thereof (e.g., any of the
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systems and devices described herein). The various devices and systems described herein
may comprise one or more processors with one or more aspects of this, and other processes
of this disclosure, encoded thereon by a non-transitory computer readable medium
comprising non-transitory computer readable instructions for executing the one or more
aspects (e.g., process blocks) of this and other processes of this disclosure, whether the non-
transitory computer readable medium includes one or more aspects independently on at least
one processor (or processing units thereof), or in combination across instructions store on at
least two different processors.

[0072] Content processing scenario 400 is shown as comprising three layers of activity. As
shown in FIG. 4, there is client level 402, content pre-processing level 404, and content
streaming level 406. Client level 402 is comprised of user 408, client device 410, content
server 412, and content authoring tool 414. User 408 uses client device 410 to communicate
with content server 412. Content server 412 is configured to receive various versions of
media assets from content authoring tool 414 for distribution to different iterations of client
device 410 (e.g., based on requests from user 408). In some embodiments, each of these
elements are affiliated with a single content provider. In other embodiments, a plurality of
content providers result in a combination of these elements being used to access different
versions of media assets, depending on which version, or versions, of the media asset align
with one or more parameters of the user request (e.g., the user provides specific haptic
feedback settings in their request for the media asset for rendering at client device 410) or the
haptic capabilities of client device 410. For example, multiple versions of the media asset
may be available with similar or related haptic feedback settings from multiple content
providers (e.g., as sourced from different iterations of content authoring tool 414).
Depending on whether the user has a profile corresponding to a particular content provider’s
media assets or client device 410 include device settings (e.g., display or haptic feedback
resolution) corresponding to a particular version of a media asset, one of the multiple
versions may be selected with priority for transmission to client device 410 based on one or
more of these parameters.

[0073] Content pre-processing level 404 corresponds to device and network activity that
occurs in response to user 408 creating a request for a haptic feedback enabled media asset
via client device 410 from content server 412 (e.g., user 408 conducts a search for a media
asset using a device configured to provide haptic feedback while rendering the requested
media asset for user interaction). In some embodiments, content pre-processing level 404

may occur prior to user 408 creating the request. For example, content authoring tool 414
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may be used to generate a number of assets with MPDs for storage on content server 412 so
as to reduce processing required in response to a user request. In other embodiments, content
authoring tool 414 may be configured to generate assets with MPDs for storage and
transmission to client device 410 based on the request. For example, user 408 may request a
version of the asset that includes some haptic feedback, but no other haptic criteria, for
rendering (e.g., a portion of a haptic feedback device or system affiliated with user 408 has a
non-functioning haptic feedback aspect). In response to this tailored request, content
authoring tool 414 may identify a version of the media asset from the request with at least the
explicitly requested haptic feedback criteria for rendering and then may generate a version of
the media asset for transmitting to content server 412 for transmission to client device 410,
where the modified version of the media asset is rendered for interaction and display for
consumption by user 408. In any of the above scenarios, content pre-processing level 414
comprises content generation 416 via content authoring tool 414 which leads to transmission
418 to content server 412 over a hard connection or a wireless connection from content
authoring tool 414 of media assets (or versions thereof) and corresponding MPDs for review
at one or more of content server 412 or content device 410.

[0074] In some embodiments, content pre-processing level 404 corresponds to XR content
being generated for distribution using a streaming approach where the content is created by a
content author with typical content authoring tools. Typical content authoring tools include,
for example, 3D animation and modelling software, image editing software, or combinations
thereof, that are used for creating the 3D assets which are then imported to a real-time 3D
scene editor. In real-time 3D scene editor, content author builds the XR experience by
combining imported 3D assets, audio files, material definitions, or combinations thereof. A
content author may also define the rules of interaction of elements and user input controls
that form the logic of the interactive experience. For 3D graphics assets, content author
creates different level-of-detail (hereinafter “LoD”) versions of each asset either by
modelling them by hand, or by using some automatic LoD creation tool. A LoD creation tool
can also be part of the real-time 3D scene editor, which produces LoD versions as needed
when the authored experience is exported to a format that can be used for run-time streaming
to the viewing clients. Similar to the 3D asset LoD versions, the content author, or the
authoring tool, may also produce different versions of the data needed for the haptics
rendering.

[0075] Different haptics rendering data versions enable haptics rendering with different

fidelity levels and with different types of haptics feedback devices with different approaches
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for generating the haptics feedback. The content author, or the content authoring tool, also
preferably links correct versions of the graphics 3D assets with the correct haptics rendering
data versions in order to enable the viewing client to know which 3D asset version matches
which haptics rendering data asset version. When the content author has done the scene
construction by assembling the scene from the 3D assets and defined the logic used by the
experience, the real-time 3D scene editor can export the experience to the run-time format. In
the run-time format, the data needed for distributing the experience is packaged so that it can
be uploaded to the server and the server can distribute the data as a package or by streaming
individual elements of it to the clients. In the case of XR experiences, run-time data includes
one or more of different versions of the graphics, corresponding audio, corresponding
haptics, the media asset, the scene graph describing the scene structure, or associated logic.

In case of streaming approach, run-time data will need to include MPD that defines how the
client can adapt the content to the haptics capabilities of the client device.

[0076] Content streaming level 406 corresponds to a series of steps and responses to inputs
between user 408, client device 410, and content server 412 which results in client device 410
being used to render a media asset from a request generated by user 408 based on a version of
the media asset transmitted from content server 412. User 408 generates content request 420
(e.g., through an interface available via client device 410). Content request 420 is transmitted
from client device 410 to content server 412. Simultaneously, or shortly thereafter, client
device 410 retrieves or collects haptics capabilities data via device configuration retrieval
422, which is then compared to one or more of MPD 424 related to the media asset that is the
subject of the request. MPD 424 may be provided from content server 412 to client device
410 or may be used by content server 412 to perform a search for a version of the media asset
with an iteration of MPD 424 that aligns with data available via device configuration retrieval
422. As shown in FIG. 4, based on a comparison of device data related to client device 410
from device configuration retrieval 422 to MPD 424, client device 410 transmits a modified,
or more specified request, for a different media asset version corresponding to a version of
MPD 424 which aligns with capabilities request 426 (e.g., client device 410 is determined to
only be able to render or process a lowest haptics and graphics version of the media asset
based one or more of a network strength between client device 410 and content server 412 or
the device information corresponding to haptics and graphics rendering abilities of client
device 410).

[0077] Once a viable version of MPD 424 is identified, corresponding to a version of the

requested media asset that is available via content server 412, one or more segments of the
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media asset are requested from content server 412 and transmitted. This is shown by
requested segment 428. Requested segment 428 may be based on one or more of a network
strength of a communication channel between client device 410 and content server 412, a
progress point of user 408 through the media asset, or an express request from user 408 for a
specific portion of the media asset, resulting in content server 412 transmitting requested
segment 428. Once requested segment 428 is received at client device 410, client device 410
proceeds to render the requested segment via rendered output 430 such that user 408 can
perceive or interact with the requested segment of the media asset. Once user 408 activates
the request segment for rendering (e.g., by starting an AR or XR experience, or playing the
requested segment of the media asset), user 408 provides user input 432. User input 432
corresponds to user 408 providing haptic inputs, or combinations of various interface inputs
with haptic inputs, to client device in order to progress through the media asset and interact
with various aspects of rendered output 430. Processing 434 then occurs where user input
432 and a current progress point through the media asset is analyzed (e.g., to determine if
there are aspects of the media asset to put in focus such as a foreground object as opposed to
a background setting in view of user input 432, which may be a focusing of the user’s eyes on
a particular rendered object within the media asset at the current progress point).

[0078] As part of this processing, or in the alternative or in combination, observation of
experience metrics 436 occurs. The experience metrics reviewed correspond to Quality of
Experience (hereinafter “QoE”) metrics, which may correspond to measurable indications of
how well the media asset is experienced by the user in view of one or more of availability of
the media asset (e.g., a correct version or a useable version for a given client device), bitrate
corresponding to quality of visually rendered elements (e.g., video), playback errors (e.g.,
resulting in issues with playback interfering with a user’s progress through a media asset),
rebuffering (e.g., unplanned, unexpected, or unwanted pausing of media asset playback
caused by inconsistent or erroneous downloading of one or more segments), startup time
(e.g., a length of time from the user request for a media asset for rendering via a haptics
enabled client device to when the user may interact uninterrupted with the media asset via the
haptics enabled client device), or video start failure (e.g., one or more of how many times the
user fails to start interacting with a requested media asset before a single segment is rendered
for user interaction or the user sees nothing at all as they repeatedly press the play button to
start interacting with the media asset). Based on the user’s issues with a current segment,
request for content 438 is generated, where request for content 438 corresponds to a request

from client device 410 to content server 412 to improve one or more QoE metrics described
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above and enabling user 408 to proceed with interacting with one or more segments of the
requested media asset. Transmission 440 corresponds to a response of content server 412 to
request for content 438 and includes at least one segment of the media asset to be rendered
via client device 410 for user interaction during segment rendering 442.

[0079] FIG. SA depicts non-haptics media presentation description SOOA for a media asset
without haptic feedback rendering criteria, in accordance with some embodiments of the
disclosure. This disclosure includes the use of a general data structure of the MPEG-DASH
MPD illustrated in FIG. 5A, with some additional information not shown in FIG. SA and
depicted in FIG. 5B. In this solution, metadata used by the client to perform adaptation is
organized to comply with the MPEG-DASH MPD as illustrated in Figure SB. Changes to the
MPD of FIG. 5A, which are depicted in FIG. 5B, enable one or more of the processes
described herein to be executed by one or more of the system, devices, or combinations
thereof, described herein.

[0080] Non-Haptics media presentation description SO0A is comprised of data arranged in a
structure navigable via one or more systems or devices described herein. As shown in FIG.
5A, a primary entity is period 502. There may be N periods (e.g., a plurality of periods), as
shown in FIGS. 5A and 5B. Each period provides information corresponding to a single
consistent virtual scene composited of 3D assets. A single scene is, for example, a single
virtual environment where some interactive or pre-defined virtual experience takes place.
Virtual experience can consist of several scenes each defined in individual period block,
similar to how a movie consists of several scenes. Each period 502 is comprised of a
respective adaptation set 504, corresponding to representations 506. Representations 506
correspond to data structures defining different aspects of a media asset with rendering
protocols corresponding to a particular device’s capabilities, for example. Representations
506 comprise one or more of segments 508, which may, for example, be individual scenes, as
described above, or different elements of a scene (e.g., definition of different aspects, objects
in a foreground, objects defining a background, or combinations thereof). In some
embodiments, segments 508 correspond to sub-representations 510, each of which
correspond to different rendering criteria of segments 508 based on one or more of user
settings or client device settings with respect to generation of the media asset defined by non-
haptics media presentation description SO0A.

[0081] FIG. 5B depicts haptics media presentation description S00B for a media asset with
haptic feedback rendering criteria, in accordance with some embodiments of the disclosure.

In the MPD structure used by the various devices and systems of this disclosure to execute
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one or more of the processes described herein, the main hierarchical entity remains period
502, as described in reference to FIG. SA. As described above, there may be a plurality of
periods 502 (e.g., N periods). For the MPD of FIG. 5B, each of periods 502 is comprised of a
respective scene graph 512, followed by a several blocks containing haptics adaptation sets
514. The number of haptics adaptation sets 514 will depend on a version of the media asset
stored on a content server and the MPD will define which haptic enabled devices may render
the described media asset version for user consumption and interaction. As described in
reference to FIG. SA, each period provides information corresponding to a single consistent
virtual scene composited of 3D assets, and the MPD of FIG. 5B includes a respective
iteration of scene graph 512, which collectively define the versions of content assets that are
suitable for the specific haptics feedback type, including data structures indicative of which
aspects of a particular representation or scene are required for an optimum user experience
with a haptic enabled version of the media asset (e.g., where a foreground in one part of a
media asset is considered more important than a background, or vice versa, as characterized
at least in part by one or more of scene graphs 512). Within each of haptics adaptations sets
514, the data comprising the version of the media asset suitable for the specific haptic
adaptation are defined, including variations in levels of details 516 (hereinafter “LoD”) for a
particular version of a requested media asset as well as temporal sequence steps 518 for
assets requiring progression of a user through preceding aspects of the media asset before
progressing through a different segment of the media asset. Examples of LoDs 516 include
one or more of graphics types, mesh files (e.g., 3D mesh rendering files), haptics simulation
mass spring models, area feedback, rigid-deformable feedback, rigid-rigid feedback, tactile
feedback, collision volume of different time steps, 3D collision volume, single point
feedback, or shape matching. Each of temporal sequence steps 518 may include one or more
Uniform Resource Locators (hereinafter “URLs”) for particular files corresponding to
different aspects of details (e.g., different iterations of LoDs 516) of a segment to be rendered
for user consumption or interaction at a client device.

[0082] FIG. 61s a flow chart representing process 600 for rendering a media asset based on
haptic capabilities of a haptic enabled client device, in accordance with some embodiments of
the disclosure. Process 600 may be executed by processing circuitry on a client user device,
may be executed at a server (e.g., a server for media content distribution), or combinations
thereof (e.g., any of the systems and devices described herein). In some embodiments,
process 600 may be executed by a viewing client and process 600 may start when a user

launches an application implementing the viewing client (e.g., opens or starts an interface
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corresponding to a content distributor server). The various devices and systems described
herein may comprise one or more processors with one or more aspects of this, and other
processes of this disclosure, encoded thereon by a non-transitory computer readable medium
comprising non-transitory computer readable instructions for executing the one or more
aspects (e.g., process blocks) of this and other processes of this disclosure, whether the non-
transitory computer readable medium includes one or more aspects independently on at least
one processor (or processing units thereof), or in combination across instructions store on at
least two different processors.

[0083] When a user starts the application, the user also defines the content to be viewed
(e.g., based on one or more of a user input or device rendering capabilities associated with the
generation of the request). Content corresponding to the request (e.g., different versions of a
media asset, where the versions are at least partially defined by haptic feedback requirements)
may be accessible by an interactive link which, when selected, causes a download of a
package or the MPD residing on the content server. The link to the MPD can be a normal
URL identifying the content server and specific content. A viewing client application is
launched either by explicit command by the user or automatically by the operating system
based on identifying content type request and application associated with the specific content
type. In addition to being a stand-alone application, a viewing client can be integrated with a
web browser or a social media client or it can be part of the operating system.

[0084] At process block 602, XR content is requested from a content server. At process
block 604, client device haptics feedback capabilities are collected at 604. At process block
606, a MPD corresponding to the request for CR content is received. At process block 608, a
scene graph for the XR experience from the content server is requested. At process block
610, the scene graph is analyzed to detect which scene assets are likely to be causing haptics
feedback. At process block 612, versions of the scene assets are requested. Each version is
likely to be causing haptics feedback based on a determined match of the haptics of the scene
assets to the haptic capabilities of the client device. At process block 614, the rest of the
scene assets, or remaining scene assets, are requested based on other QoE goals. At process
block 616, one or more user inputs are received. At process block 618, scene logic is
processed. At process block 620, the scene corresponding to the requested versions is
rendered. At decision block 622, a determination is made regarding the end of processing
corresponding to the request. This decision could be made by one or more processing units
or circuitry based on one or more of network strength, device capabilities, user activity, user

settings, or combinations thereof (e.g., the user exited out of the media asset rendering
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application). If it is determined that request processing has not ended (NO at 622) such that
one or more scene assets or media asset segments are to be requested and processed for
rendering at a client device, then process block 610 is revisited until the scene can be
rendered according to newly requested assets. If it is determined that request processing has
ended (YES at 622), then process 600 ends.

[0085] Further regarding process 600, as the viewing client requests MPD from the content
server, the viewing client also collects information about haptics capabilities of the client
device. Haptics capabilities define the performance limitations of the haptics feedback
devices embedded or attached to the client device. Haptics capabilities are requested once at
the beginning of the session, as the capabilities should not change over time. When the
viewing client has received the MPD, it selects which scene of the XR experience it will
execute first. The selection of the first scene can take place based on the logic defined by the
content author, selection done by the user or some other contextual cue. The viewing client
requests the scene graph of the first scene to be executed from the content server.

[0086] A scene graph describes the layout and the logic of the scene. Scene graph also
defines the logic of the user input processing, thus enabling interactive XR experiences.
Based on the scene graph, the viewing client can estimate what are the elements of the scene
that may cause haptic feedback to be generated for the user. The scene graph may also
provide links (e.g., URLSs) to the scene assets of which the scene consists of. The
corresponding MPD may further define different versions of the assets available for the
viewing client to download. When the viewing client has defined what scene elements need
to be adapted to the haptics feedback capabilities of the client device, it proceeds to download
individual scene assets from content server. For the scene elements the viewing client has
identified as being used for haptic feedback generation, the viewing client selects to
download the assets versions that match the haptics feedback capabilities of the client device.
MPD defines how different versions of the assets available match with the haptics feedback
capabilities. Haptics data is downloaded in format that is suitable for the client device haptics
feedback capabilities and versions of the graphics, audio etc. assets linked with that scene
element are then downloaded so that they match the haptics data version. For other scene
assets that are not used for haptics feedback generation, the viewing client proceeds to
download versions that match other possible adaptation rules, such as a LoD based on
distance, client device rendering capabilities or data transmission bandwidth, or combinations

thereof.
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[0087] When the viewing client has received scene assets required by the scene, it
assembles the scene based on the scene graph and starts the XR experience execution. When
the XR experience is executed, the viewing client proceeds to receive user input, process
scene logic based on the dynamic actions taking place in the scene and user input, and then
renders the scene updated based on the scene logic and input processing. When the scene has
been rendered to the user, the XR experience update loop continues to execute by returning to
the processing step where the viewing client analyzes the scene in order to determine if in the
updated scene state, new scene elements have become part of the elements that are
generating haptics feedback, or if some elements previously being used for generating the
haptics feedback are no longer part of the haptics rendering. New elements that may cause
haptics feedback, or asset versions matching the haptics capabilities of the client device, will
be requested from the server. For the elements that are no longer capable of causing haptics
feedback, new versions of the assets based on other adaptation goals besides haptics feedback
capabilities may be requested by the viewing client from the content server. The viewing
client receives the requested asset versions from the content server, replaces old versions of
the asset with the ones received, and then performs the rest of the update loop continuously
until the end of scene processing is requested by the user, content logic, operating system, or
combinations thereof.

[0088] FIG. 7 is a flow chart representing process 700 for processing a request for a media
asset, in accordance with some embodiments of the disclosure. Process 700 may be executed
by processing circuitry on a client user device, may be executed at a server (e.g., a server for
media content distribution), or combinations thereof (e.g., any of the systems and devices
described herein). The various devices and systems described herein may comprise one or
more processors with one or more aspects of this, and other processes of this disclosure,
encoded thereon by a non-transitory computer readable medium comprising non-transitory
computer readable instructions for executing the one or more aspects (e.g., process blocks) of
this and other processes of this disclosure, whether the non-transitory computer readable
medium includes one or more aspects independently on at least one processor (or processing
units thereof), or in combination across instructions store on at least two different processors.
[0089] As previously described herein, a content server stores the XR experience data to be
distributed along with the MPD for the data stored in the MPD structure. In the run-time
processing, the content server distributes data based on client requests in a client pull model,
as illustrated in FIG. 5B. At the beginning of a new data streaming session, the viewing

client first requests an MPD and then based on the MPD, the viewing client starts to request
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XR experience assets according to the MPD and viewing client scene analysis, as described
in the previous chapter.

[0090] At process block 702, a request is received from a viewing client (e.g., at a content
server or through a user interface for a content distributor). The request may include a
request to start a new media asset or may be a request for a different version of a media asset
(e.g., a lower resolution version of portions of a scene in a media asset), depending on a user
contribution to the request (e.g., a user of a client device who has a personal profile) and a
device contribution to the request (e.g., a wireless connection between the client device and a
content server is reduced in strength from a time a media asset was originally requested). At
decision block 704, the request is processed to determine if the request results from a new
viewing session started via a viewing client from which the request originated. If it is
determined that the request is based on a new viewing session (YES at 704), a MPD (e.g., a
MPD for an entire media asset) corresponding to the request is transmitted from a content
server to the viewing client at process block 706. If it is determined that the request is not
based on a new viewing session (NO at 704), a content element (e.g., a substructure of a
MPD data structure corresponding to a particular scene or element of a media asset such as
rendering criteria for a particular object or interactive environment based on a user progress
through a currently being used media asset), corresponding to the request, is transmitted from
a corresponding MPD associated with the current viewing session from a content server to
the viewing client at process block 708. For example, a QoE score may decrease during a
viewing session leading to rendering problems at the viewing client. As a result, a different
or less data heavy version of a particular content element of the media asset may be
transmitted to improve the QoE score for the remainder of the current viewing session. At
decision block 710, a determination is made regarding whether the transmitted data (e.g., data
transmitted during execution of either process block 706 or 708) enables completion of the
request based on rendering via the viewing client. For example, it may be determined that the
request is completed if the user of the viewing client continues a current viewing session,
decides to commence the new viewing session, or the QoE score has increased since
rendering commenced after reception by the viewing client of the updated data. If it is
determined the transmitted data failed to enable completion of the request (NO at 710),
process block 702 is revisited as the parameters of the request have not been adequately
satisfied based on the transmitted and rendered data at the viewing client. For example, the
user does not start viewing the media asset due to continued loading or the media asset fails

to commence in response to a user input to start the media. Therefore, additional or

32



10

15

20

25

30

WO 2025/006340 PCT/US2024/035026

alternative data is needed to be transmitted to the viewing client for execution of the request.
If it is determined that transmitted data did enable completion of the request (YES at 710),
then process 700 ends as the user has successfully received and interacted with a media asset
and the rendering resulted in a satisfactory QoE score.

[0091] FIG. 8 illustrates media asset rendering scenario 800 where client device 102 is used
to request a version of media asset 104 that has haptics feedback supportable by client device
102 while also consider user generated parameters as well as operating parameters of client
device 102 at the time of the request of media asset 104, in accordance with some
embodiments of the disclosure. Media asset rendering scenario 800 may incorporate or be
incorporated into any or all of the elements depicted in one or more of FIGS. 1-7 and 9-19.
Media asset rendering scenario 800 may be executed, in whole or in part, by one or more
components of the devices of FIGS. 2A and 2B, and may be executed using one or more
steps of the methods depicted via FIGS. 3,4, 6,7, 9, 12, 13, 18 or 19,

[0092] Media asset rendering scenario 800 shows user 106 interacting with media platform
108 using client device 102. Client device 102 is a haptic feedback enabled device (e.g., a
haptics enabled device configured to provide haptic feedback to user 106 based on haptic
responses provided as part of media asset 104. User 106 is shown requesting a version of
media asset 104 via client device 102. The request may be a voice to text input, a text input
based on a keyboard input, a text input based on eye movement tracking enabled by a head
mounted aspect of client device 102, a selection of a media asset icon on a user interface, or
combinations thereof. As shown in FIG. 8, user 106 has provided text string 110 to the
shown user interface of media platform 108 to perform a search based on text string 110 to
identify media asset 104. Media platform 108 receives the request at content server 112
through wireless network 114. Content server 112 is configured to receive media assets and
multiple versions thereof from content authoring tool 116. Content authoring tool 116 may
be independent from media platform 108, may be sourced by media platform 108, or some
combination thereof, in order to provide access to user 106 to different versions of media
asset 104 via content server 112.

[0093] Content server 112 receives the user request based on information transmitted from
client device 102 through wireless network 114 to content server 112 in order to identify a
version of media asset 104 available via content server 112 to transmit through wireless
network 114 for rendering at client device 102. As shown in FIG. 8, content server 112 is
configured to store media asset versions 118 and corresponding media presentation

descriptions (MPDs) 120. Each of MPDs 120 provide information related to haptics
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capabilities enabled by each of media asset versions 118. For example, a first version of
media asset versions 118 may result in a version of media asset 104 being transmitted to
client device 102 that enables haptic feedback via hand sensors of client device 102 while a
second version of media asset versions 118 may result in a version of media asset 104 being
transmitted to client device 102 that lacks any haptic feedback enablement during rendering
of media asset 104. The selection or determination at content server 112 of which version of
media asset 104 to transmit to client device 102 is based at least in part on haptic feedback
settings 122 as stored on or accessible via viewing client 124.

[0094] Viewing client 124 corresponds to one or more processing units of client device 102
that enables a local cache (e.g., a portion of memory of client device 102) to be used to
receive transmitted portions of media asset 104 from content server 112 through wireless
network 114 such that haptics capabilities 122 and device settings 126 can be compared to
MPD 120 of media asset 104. Haptics capabilities 122 include a list of haptic feedback
options that can be rendered by client device 102 for perception by user 106. For example, if
user 106 only uses head mounted display 128, then content server 112 will identify and
transmit one of media asset versions 118 with MPD 120 corresponding to haptic feedback
rendering by head mounted display 128. In another example, if user 106 uses head mounted
display 128 and pairs haptic hand sensors 130 to have client device 102 capable of rendering
haptic feedback based on these two devices, then client server 112 will transmit one of media
asset versions 118 with MPD 120 corresponding to haptic feedback rendering by both head
mounted display 128 and haptic hand sensors 130. In some embodiments, client device 102
transmits data related to device settings 126 and haptics capabilities 122 to content server 112
for identifying which of media asset versions to identify for transmission to viewing client
124 of client device 102 based at least in part on a comparison of one or more of device
settings 126 or haptics capabilities 122 to one or more of MPDs 120 in order to identify a
proper version of media asset 104 to transmit. In some embodiments, client device 102
further comprises haptic vest 132, which is configured to generate haptic feedback around the
torso of user 106. Haptic vest 132 is communicatively coupled and synchronized with head
mounted display 128 and haptic hand sensors 130 to provide an immersive experience of
media asset 104 for user 106.

[0095] As shown in FIG. 8, viewing client 124 is configured to receive eye tracking data
802 and user input 804 in order to provide graphics output 806 and haptics output 808 to
client device 102. Eye tracking data 802 corresponds to user-sourced data based on a

recordation of the user’s eye movements relative to, for example, head mounted display 128.
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In some embodiments, head mounted display 128 is configured to receive and track a user’s
eye movements relative to a screen in order to modify aspects of the display (e.g., receive an
indication that a user selected something for modification or for interaction) and may also be
used to track a user’s level of activity (e.g., if the user’s eye movements are affiliated with
fatigue, this may lead to a reduction in the resolution or brightness of the graphics output
rendered on a display to avoid straining the user’s eye to a point where the user stops
interfacing with the requested media asset). User input 804 may also correspond to eye
tracking data 802 or may be a separate input, such as on entered via haptic hand sensors 130.
User input 804 may further comprise device settings of client device 102 such that graphics,
network, or other rendering controls are pre-set based on a particular user’s preferences.
Each media asset available to viewing client 124 via content server 112 has a respective MPD
120 which outlines for viewing client 124 the contents to be rendered for graphics output 806
and haptics output 808. In some embodiments, haptics output 808 will correspond to a
version of MPD 120 that includes haptic feedback output elements based on the haptic
capabilities of client device 102. For example, as shown in FIG. 8, MPD 120 of the
requested media asset would include haptics output criteria via haptics output 808 for each
element of client device 102, which includes head mounted display 128, haptic hand sensors
103, and haptic vest 132. In some embodiments, haptics output 808 may be modified based
on one or more of eye tracking data 802 or user input 804 such that a QoE score is
maintained at an acceptable level or increases to an acceptable level (e.g., where the QoE
score was considered below an acceptable value based on one or more factors described in
reference to QoE scores in this disclosure, including direct feedback or inputs from the user
such as eye tracking data 802 or user input 804).

[0096] FIG. 9 1s a flow chart representing process 900 for rendering a version of a media
asset at a haptic enabled client device based on haptic feedback settings of the haptic enabled
client device, in accordance with some embodiments of the disclosure. Process 900 may be
executed by processing circuitry on a client user device, may be executed at a server (e.g., a
server for media content distribution), or combinations thereof (e.g., any of the systems and
devices described herein). The various devices and systems described herein may comprise
one or more processors with one or more aspects of this, and other processes of this
disclosure, encoded thereon by a non-transitory computer readable medium comprising non-
transitory computer readable instructions for executing the one or more aspects (e.g., process
blocks) of this and other processes of this disclosure, whether the non-transitory computer

readable medium includes one or more aspects independently on at least one processor (or
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processing units thereof), or in combination across instructions store on at least two different
processors.

[0097] At process block 902, a request is received at a server for a media asset for
interaction on a haptic enabled device. At process block 904, haptic feedback settings of the
haptic enabled device associated with the request are determined. At process block 906, at
least one version of the media asset is identified via the server. Once the at least one version
of the requested media asset is identified, process blocks 908A and 908B (as well as 910A
and 910B) may be configured to be processed simultaneously, or one after the other,
depending on one or more of computing capabilities of a device configured to execute
process 900 or a network strength between the sever and the device from which the request
originated. At process block 908A, required haptic feedback settings for displaying the at
least one version of the media asset are determined based on a media presentation description
(e.g., the MPDs described in the disclosure) associated with the media asset. For example,
versions of the media asset may be produced with the intent to achieve particular QoE scores
and versions that are incompatible with particular client devices or client device
configurations may not be made available via the server based on the required haptic
feedback settings for a particular version of the media asset. At process block 910A, the
required haptic feedback settings are compared to the haptic feedback settings of the haptic
enabled device. Similarly, at process block 908B, the required haptic resolution ranges for
generating the media asset for display via the haptic enabled device are determined. For
example, a similar QoE analysis may be performed as was described in reference to process
block 908A. At process block 910B, the required haptic resolution ranges for generating the
media asset for display are compared to the haptic feedback capabilities of the haptic enabled
device.

[0098] As a clarifying example, haptic feedback resolution ranges may be set in a manner
similar to display resolution ranges. As with creating and displaying videos, certain devices
are incapable of rendering the higher resolution data when the device is not configured to
display these resolution ranges of the video, particularly when the video is created using a
higher resolution video generation apparatus. Referring back to the QoE analysis, if a device
is incapable of providing a desired haptic feedback range to a user as defined in a MPD of a
version of a media asset, then a different version of the media asset without the haptic
feedback rendering criteria or a version with lower haptic feedback range may be selected.
[0099] At process block 912, the at least one version of the media asset is determined,

based on one or more of the comparisons performed via process blocks 910A or 910B, to be
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configured to be displayed via the haptic enabled device. At process block 914, a version of
the media asset comprising haptic feedback rendering criteria compatible with the haptic
enabled device is transmitted by the server to the haptic enabled device. At process block
916, the transmitted version of the media asset is rendered for display via the haptic enabled
device based on the haptic feedback settings. For example, the settings from the MPD may
be modified based on user input or user stored settings at the haptic enabled device. In some
embodiments, this may be modified with a goal of maintaining a minimum or target QoE
score while the user who is the source of the request is interaction with the rendered media
asset.

[0100] FIG. 10 depicts haptic fidelity levels 1000A, which show examples of a same object
with different haptic fidelity levels, and haptic feedback response levels 1000B, which
correspond to what a user would experience from a haptic response resolution level examples
of haptics fidelity levels as each level relates to haptic feedback experienced by a user of a
haptics enabled client device, in accordance with some embodiments of the disclosure. Haptic
fidelity levels 1000A may be determined or used as a standard for rendering one or more
elements of a media asset based on one or more factors discussed in this disclosure (e.g.,
wireless network strength, MPD files of versions of a media asset, QoE scores, client device
haptic capabilities, user settings associated with a client device, or combinations thereof).
Haptic feedback response levels 1000B correspond to illustrative examples of haptic
feedback levels a user may experience where a haptic feedback handheld device is
incorporated into the client device used to render the media asset. The aspects of FIG. 10
may be generated as part of rendering of a media asset via any of the devices described herein
while executing one or more of the processes described herein.

[0101] As described previously in this disclosure, XR content may be created by a content
author with content authoring tools. Content authoring tools include, for example, 3D
animation and modelling software, image editing software, or combinations thereof, used for
creating the 3D assets which are then imported to a real-time 3D scene editor. In real-time
3D scene editors (e.g., Unity or Unreal), a content author builds an XR experience by
combining imported 3D assets, audio files, material definitions, or combinations thereof.
Content author also defines the rules of interaction of elements and user input controls that
form the logic of the interactive and immersive experience. For 3D graphics assets, content
author creates different LoD versions of each asset either by modelling them by hand, or by
using some automatic LoD creation tool. LoD creation tools may also be part of one or more

real-time 3D scene editors, each of which produce one or more LoD versions as needed when
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the authored experience is exported to a format that can be used for run-time streaming to the
viewing clients. Exemplary images of LoD levels of a single asset seen in FIG. 10 as
depicted by haptic fidelity levels 1000A (i.e., objects 1002A, 1002B, and 1002C).

[0102] Similar to the 3D asset LoD versions, the content author or the authoring tool also
produces different versions of the data needed for the haptics rendering. Different haptics
rendering data versions enable haptics rendering with different fidelity levels and with
different types of haptics feedback devices with different approaches for generating the
haptics feedback. The content author, or the content authoring tool, also links correct versions
of the graphics 3D assets with the correct haptics rendering data versions in order to enable
the viewing client to know which 3D asset version matches which haptics rendering data
asset. When the content author has done the scene construction by assembling the scene
from the 3D assets and defined the logic used by the experience, the real-time 3D scene
editor exports the experience to the run-time format. In the run-time format, the data needed
for distributing the experience is packaged so that it can be distributed to the clients. Content
can be distributed to the client as a single content package, or is uploaded to the server and
the server can distribute the data as a package or by streaming individual elements of it to the
clients. In the case of XR experiences, run-time data includes different versions of the
graphics, audio, haptics, asset, scene graph or graphs describing one or more scene structures,
associated logic for each of the one or more scene structures, or combinations thereof. In
case of streaming approach, run-time data can use separate MPD that defines available
versions of asset data (e.g., resulting in different user experiences as characterized by haptic
feedback response levels 1000B, shown as hand haptic response levels 1004A, 1004B, and
1004C).

[0103] MPEG-DASH is used as an example to show how metadata can be formulated and
carried in an applicable format. For interactive, low-latency applications, other appropriate
standards are certainly more likely to be deployed to accommodate real-time interaction such
as in cloud gaming, VR/AR cloud rendering, or combinations thereof. For the purposes of
providing an explicit example, FIG. 10 corresponds to three different fidelity levels depicting
a range of rendering capabilities with respect to versions of a media asset as drafted by a
content author for access by a content server. In some embodiments, more or less fidelity
levels may be achievable based on one or more of client device capabilities, user settings or
inputs associated with the client device, network strength, or versions of a media asset

available via the server based on content authoring iterations or capabilities.
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[0104] As shown in FIG. 10 by object 1002A, a first fidelity level corresponds to no tactile
details and object 1002A comprises a simple geometry that includes enough characterizing
data for collision detection between object 1002A and either other objects within a same
scene or the user’s rendered hand. Hand haptic response level 1004A depicts a hand with a
sparse mesh of haptic feedback responses, corresponding to the first fidelity level. A second
fidelity level also corresponds to no tactile details and object 1002B comprises a polygon
mesh for force feedback rendering (e.g., what a user’s hand experiences in response to an
object in a XR experience contacting the user’s rendered hand), and is depicted as having a
more refined geometry than object 1002A. Hand haptic response level 1004B depicts a hand
with a mesh of haptic feedback responses that is more intense or precise as compared hand
haptic response level 1004A, corresponding to the second fidelity level. A third fidelity level
corresponds to objects with a surface texture for tactile rendering and object 1002C is
depicted with a high polygon mesh for force feedback rendering, where the force feedback
rendering of object 1002C is of significantly higher intensity or precision as compared to the
force feedback rendering with respect to object 1002B. Hand haptic response level 1004C
depicts a hand with a more refined mesh of haptic feedback response as compared to hand
haptic response level 1004B, corresponding to the third fidelity level. Rendering of a
particular media asset or a particular object or scene of a media asset may fluctuate between
two or more of these fidelity levels based on one or more of network strength, device
capabilities, or user settings and user inputs to a client device on which the media asset is
being rendered.

[0105] FIG. 11 depicts scene graph 1100 including node 1002 of an object transformation
tree for objects 1106 and 1108 from a content server corresponding to a haptic feedback
enabled media asset, in accordance with some embodiments of the disclosure. Scene graph
1100 may be used by any of the devices and systems described herein in order to execute one
or more process blocks of the various processes described herein.

[0106] Scene graph 1100 is an example of a structure and behavior of a scene of a media
asset requested for rendering at a client device (e.g., a haptics enabled device). The
description perceivable by a haptics enabled device or system as characterized by scene graph
1100 is formed as a hierarchical description of spatial relations between scene elements, as
well as logic defining interactive behavior of the scene elements. In addition, scene graph
1100 may, in some embodiments, contain information for example related with scene audio,
physics, other pertinent details for creating an immersive XR scene, or combinations thereof.

A real-time 3D scene editor is used by the content author to assemble the XR experience.
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With a real-time 3D scene editor, a user of the scene editor may be enabled to combine
various content assets together and the user may also define the logic how the assets play
together (e.g., where the user is a content author). For enabling the execution of the
experience, the real-time 3D scene editor creates a scene graph, such as scene graph 1100,
which is a hierarchical representation of the full scene, how individual assets are placed in the
full scene, what are the relations between the assets and the logic controlling the interaction.
[0107] Although scene graph 1100 is depicted as a singular data structure, individual assets
of the data structure, or elements thereof, may remain as isolated files with separate URLs.
Multiple files per each media asset, or scene of a media asset, form multiple LoDs for
rendering at a client device. Additionally, or alternatively, one or more of the multiple files
may correspond to variations of haptics fidelity levels available for a user requesting a
particular media asset. Scene graph 1100 may be considered a cookbook of sorts for control
or processing circuitry to execute computer readable instructions as scene graph 1100 defines
defining how the assets of the data structure are combined to form the full XR or AR
experience corresponding to a transmitted version of the media asset that is to be rendered
based on scene graph 1100. The format of the scene graph depends on the real-time 3D scene
editor and associated viewing application (e.g., depending on which real-time 3D engine is
utilized for rendering or authoring). Scene graph 1100 may also be used for transmitting the
description of the experience from the editor to the viewing application executing the XR or
AR experience for user perception at a client device corresponding to a request for a version
of the media asset.

[0108] Scene graph 1100 includes various representations of data corresponding to graphics
and haptics object definitions and their hierarchical relations. Considering the complexity of
data stored and conveyed by scene graph 1100, transformations 1104A and 1104B represent
processing done to the various data elements to reduce transmission size while providing
instructions for how to unravel or process the data at a viewing client or server. Examples of
types of transformations that are represented by transformations 1104A and 1104B include
scaling translations, rotation translations, model-global translations of coordinates or
reference points, rotational translations (e.g., where data is stored in arrays of different
orientations for compact transmission), 2D translations, 3D translations, matrix translations,
linear translations, multiplier translations, affine transformations (e.g., linear transformations
combined with a matrix or linear translation), projective transformations (e.g., aspects remain

in relative positions to each other regardless of data file size), or combinations thereof.
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[0109] In the illustrated example for first object 1106, both different graphics LoD levels
1110A-C and different haptics fidelity level assets 1112A-C are illustrated. This is also
shown for object N 1108 via attributes structure 1114, which is simplified in FIG. 11 for the
purposes of depicting a simplified version of a data structure corresponding to scene graph
1100. Audible sensation, or perceptible sound effect, which comes as part of the XR
experience may be closely associated with the haptics rendering and feedback. For instance,
an operation of fingertips sliding over a surface rendered at different LoDs may generate
different sound effects. Without loss of generality, the adaptation of sound effect is
considered part of the haptics fidelity. Also conveyed via scene graph 1100 are texture LoDs
1114, shaders 1116, and animation protocols 1118. Each of these provides additional details
for rendering a media asset.

[0110] FIG. 12 is a flow chart representing process 1200 for processing a media asset based
on haptic feedback settings of a haptic enabled client device, in accordance with some
embodiments of the disclosure. As shown in FIG. 12, at process block 1212 process 1300 of
FIG. 13 is utilized to complete this aspect of process 1200. Process 1200 may be executed by
processing circuitry on a client user device, may be executed at a server (e.g., a server for
media content distribution), or combinations thereof (e.g., any of the systems and devices
described herein). The various devices and systems described herein may comprise one or
more processors with one or more aspects of this, and other processes of this disclosure,
encoded thereon by a non-transitory computer readable medium comprising non-transitory
computer readable instructions for executing the one or more aspects (e.g., process blocks) of
this and other processes of this disclosure, whether the non-transitory computer readable
medium includes one or more aspects independently on at least one processor (or processing
units thereof), or in combination across instructions store on at least two different processors.
[0111] Process 1200 illustrates the processing executed by one or more of the viewing
clients described in this disclosure. The process executed by the viewing client starts when a
user launches the application implementing the viewing client. When a user starts the
application, the user also defines the content to be viewed. Content can be alink to a
download package or a scene description residing on the content server in the case of content
streaming approach. A viewing client application is launched either by explicit command by
the user or automatically by the operating system based on identifying content type request
and application associated with the specific content type. In addition to being a stand-alone
application, a viewing client can be integrated with a web browser or a social media client or

it can be part of the operating system.
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[0112] As the viewing client starts the execution, it also collects information about haptics
and graphics capabilities of the client device. Haptics capabilities the client collects define
what type of feedback the haptics feedback devices can provide, fidelity and force limitations
of the feedback, operational limitations of the device, update frequency, or combinations
thereof. Graphics capabilities determine the processing capabilities of graphics processing
unit (hereinafter “GPU”), or one or more of the processing circuitry or control circuitry
described herein, of the client device. Collection of haptics and graphics capabilities is done
only once at the application launch as they are not expected to change during a single use
session. Before starting the run-time processing, the viewing client selects the initial asset
versions to be used at the beginning of the run-time execution of the XR experience. Viewing
client selects the initial asset versions by inspecting the information about available asset
version contained in the scene graph, or, in some embodiments, the MPD. The viewing client
sets the initial haptics asset versions to match the haptics capabilities of the client device and
low enough fidelity level to ensure client processing performance is not exceeded. For the
graphics assets, the viewing client sets the initial asset versions low enough LoD versions to
ensure the client processing performance is not exceeded. In the case of streaming content
distribution, the viewing client proceeds to request the initial asset versions from the content
server and moves to the run-time processing stage only once the assets have been received.
The viewing client continuously executes the run-time processing until the end of processing
is requested. The end of scene processing can be requested by the user, content logic,
operating system, or combinations thereof.

[0113] At process block 1202, XR content, or a request for XR content, is loaded from a
content server. At process block 1204, client device haptics and client device graphics
feedback capabilities are collected. At process block 1206, a scene graph (e.g.,
corresponding to the XR content or the request for XR content), is analyzed to set the initial
graphics and haptics asset versions (e.g., a version of the XR content with rendering
instructions is identified for transmission to a client device). At decision block 1208, the
request is reviewed to determine if the request corresponds to distribution of streaming
content. Ifitis determined that the request does correspond to distribution of streaming
content (YES at 1208), the one or more asset versions from a content server, the content
server being configured to distribute content for content streaming, are requested at process
block 1210, which then results in execution of process block 1212. If it is determined that the

request does not correspond to distribution of streaming content (NO at 1208), then run-time
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processing is executed at process block 1212. Process block 1212 represents method 1300 of
FIG. 13, which is discussed in detail in the following description of FIG. 13.

[0114] At decision block 1214, the request is reviewed to determine if additional processing
(e.g., beyond run-time processing that was executed at process block 1212), is required to
meet the criteria of the request (e.g., the XR content has been completed or exited out of with
an acceptable QoE score). Ifit is determined that additional processing is required to satisfy
the request (YES at 1214), then process block 1206, and the process blocks that follow in
FIG. 12, is revisited for additional processing related to the request. If it is determined that
additional processing is not required to satisfy the request (NO at 1214), then process 1200
ends.

[0115] FIG. 13 is a flow chart representing process 1300 for identifying haptic feedback
settings for rendering a haptic enabled media asset on a haptic enabled client device, in
accordance with some embodiments of the disclosure. Process 1300 may be executed at
process block 1212 of FIG. 12. Process 1300 may be executed by processing circuitry on a
client user device, may be executed at a server (e.g., a server for media content distribution),
or combinations thereof (e.g., any of the systems and devices described herein). The various
devices and systems described herein may comprise one or more processors with one or more
aspects of this, and other processes of this disclosure, encoded thereon by a non-transitory
computer readable medium comprising non-transitory computer readable instructions for
executing the one or more aspects (e.g., process blocks) of this and other processes of this
disclosure, whether the non-transitory computer readable medium includes one or more
aspects independently on at least one processor (or processing units thereof), or in
combination across instructions store on at least two different processors.

[0116] In the run-time processing phase, the viewing client continuously executes a loop in
which it collects the performance metrics, collects and processes input and adjusts the
rendering of haptics and graphics assets to balance the performance and to optimize the QoE.
FIG. 13 illustrates the run-time processing performed by the viewing client (e.g., as part of
the processing performed while executing method 1200 of FIG. 12). Performance metrics
include measures of the rendering framerate, processing time, and combinations thereof,
required by the rendering of a particular version of a media asset (e.g., XR or AR content) as
well as one or more of CPU or GPU processing loads. Based on these performance metrics
the viewing client determines if the overall processing load can be increased by switching
assets (e.g., a different version of a requested media asset) to versions with one or more of

higher LoD or higher haptics fidelity levels. On the other hand, the performance metrics can
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also indicate that the viewing client is closing on exceeding the available processing
performance limitations, in which case the overall rendering load needs to be decreased in
order to avoid lag in the content update.

[0117] Ifthe client device provides eye tracking data, the viewing client requests up-to-date
eye tracking result which the viewing client can use in the asset version selection. For
example, XR devices (e.g., Varjo XR-3), have integrated eye tracking, and the data can be
used to make more accurate asset version prioritization in the adjustment phase. Eye tracking
can be used also by the viewing client as a scene interaction input. For the scene update
processing, the viewing client collects all other user input, such as hand or controller
tracking, head tracking, button presses, or combinations thereof. Once the user input is
collected, the viewing client performs the scene update in which the user input and scene
logic are processed, and the scene states are updated accordingly.

[0118] When the performance metrics and user input, including eye tracking data if
available, have been collected and the scene has been updated, the viewing client can perform
the haptics and graphics rendering balancing. In the case of multiple users joining a shared
XR experience, the client process runs individually on each individual viewing client
executed on the different users’ devices. In such a case involving more than one user, the
solution will balance haptics and graphics rendering individually, maximizing the QoE of
each user according to the device capabilities and context of each individual user. This will
lead to a situation where some users will use different graphics LoD level and haptics fidelity
level version assets compared to the other users in the same session. This way, each user can
have the experience optimized specifically for them and there is no need for communicating
the assets versions used across the clients.

[0119] As described in reference to FIG. 12, the run-time processing characterized by FIG.
13 occurs subsequent to either process block 1208 or process block 1210 being executed. At
process block 1302, performance metrics are obtained (e.g., by a content server from a client
device). At process block 1304, eye tracking data (e.g., as collected by the client device), is
obtained (e.g., also by the content server). At process block 1306, it is determined that a user
input is provided (e.g., selection of a media asset for consumption or interaction). At process
block 1308, the user input is processed with the scene logic of the requested media asset. For
example, if the user input includes preferences regarding graphics or haptics rendering
resolutions, those would be processed as part of identifying a version of the media asset to
provide and also is used to confirm how much or which kind of data corresponding to

individual scenes of the media asset to transmit for rendering at the client device. At process
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block 1310, the haptics and graphics rendering is balanced by adjusting one or more of the
graphics or haptics version of each scene asset of the request media asset (e.g., a lower
resolution file of certain scene elements of the media asset may be provided instead of a
higher resolution to avoid a reduction in QoE score based on excess buffering or lag). At
process block 1312, the graphics and haptics of the requested media asset are rendered based
on the balancing, and processing resulting therefrom, that occurred via process block 1310.
[0120] At decision block 1314, the rendered haptics and graphics are compared to QoE
criteria (e.g., based at least in part by user interaction with the rendered version of the
requested media asset). If it is determined the rendered haptics and graphics do not satisfy
the QokE criteria (NO at 1314), then process block 1302 is revisited. For example, the
graphics may be considered acceptable, but the haptics feedback experienced by the user was
inconsistent and did not yield an immersive experience for the user while interacting with a
particular scene. Therefore, one or more of the content server or client device may repeat a
majority of process 1300 to provide an updated or improved experience to the user in order to
achieve a target QoE score. Ifit is determined the rendered haptics and graphics do satisfy
the QoE criteria (YES at 1314), then decision block 1214 of FIG. 12 is executed.

[0121] FIG. 14A depicts rendered objects 1400A and 1400B based on haptic feedback
settings of a haptic enabled client device, in accordance with some embodiments of the
disclosure. Rendered objects 1400A and 1400B may be generated for display and interaction
(e.g., rendered at a client device for user interaction) based on the execution of one or more
methods of this disclosure by one or more systems or devices of this disclosure.

[0122] When the viewing client requests for content based on rendering capabilities of the
viewing client or client device (e.g., in response to a user request for a media asset
corresponding to an AR or XR experience), a single object or asset is expected to be rendered
to the object’s optimal visual representation and tactile sensations for an immersive
experience for the user. Optionally, the optimal visual and tactile representation of the object
may correspond to a measurement of how many polygons that the device is able to render in
time. In an XR collaboration, the visual display of the two objects shown in FIGS. 14A and
14B will lead to differentiated haptic simulations. Rendered object 1400A is expected to be
perceived at a user end as comprising much smoother tactile feedback (e.g., a smooth touch
sensation as experienced by the user) when simulating the sense of touch for the user via, for
example, a hand mounted or handheld haptic feedback device.

[0123] In the case of rendering multiple objects in a session, the viewing client may

optimize the graphics rendering and haptics simulation for the target object which the user
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interacts with. In other words, the consistency of visual and haptics experiences is to be
prioritized for the target object. Compromises are made for the rendering of other objects,
which, in some embodiments, results in rendered object 1400B which is expected to be
perceived at a user end as comprising less smooth or course tactile feedback when compared
to how rendered object 1400A is perceived at a user end. The optimization and prioritization
can be different for the same content rendered on different viewing clients. Different users
may interact with objects in a collaborative session so that the requirements on matching the
visual and haptics experiences may vary for remote participants (e.g., some user may prefer
settings resulting in rendered object 1400B, as opposed to rendered object 1400A, depending
on preferences the user has with regard to AR or XR assets as experienced via a user
particular client device).

[0124] FIG. 14B illustrates rendered objects 1402A-D, each of which can be rendered via a
haptic enabled client device based on haptic feedback settings corresponding to the haptic
enabled client device, in accordance with some embodiments of the disclosure. As discussed
in reference to FIG. 14A, each of rendered objects 1402A-D correspond to different feedback
response and graphics experiences that different users may prefer, or experience based on
various factors discussed in reference to this disclosure. Where AR or XR experiences are
shared across multiple client devices in coordinated viewing sessions, rendered objects
1402A-D correspond to different haptic and graphics renderings of a same object across
different devices and different settings (e.g., during shared sessions or independent sessions
in view of one or more of network strength, device capabilities, user settings, or combinations
thereof).

[0125] FIG. 15 illustrates scenario 1500 where object rendering within a haptics enabled
media asset is based on a user’s interaction with different objects, in accordance with some
embodiments of the disclosure. Scenario 1500 may be executed using one or more of the
devices or systems of this disclosure, wherein one or more of the processes of this disclosure
are executable (e.g., based on a non-transitory computer readable medium comprising non-
transitory computer readable instructions accessible or stored via one or more processors or
processing units of this disclosure) by the one or more systems of this disclosure in order to
result in scenario 1500.

[0126] Scenario 1500 corresponds to a use case where user 1504 has requested a media
asset configured for an immersive AR or XR experience with one or more outputs of haptic
feedback and one or more aspects of graphic presentation to be rendered for interaction via

client device 1502 (e.g., a client device configured for graphic image or video rendering and
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also configured to provide haptic feedback for user perception). As shown in FIG. 15, user
1504 has range of focus 1506 which corresponds to user 1504 inspecting a simple XR
experience consisting of two virtual objects, moderate resolution teapot 1508 and moderate
resolution torus knot 1510. Both objects have varying graphics LoD levels and haptics
fidelity levels defined in a scene graph (e.g., scene graph 1100 of FIG. 11) depending on
which surface of each object is visible to user 1504 via range of focus 1506 and how close
user 1504 stand relative to each object (e.g., as determined by protocols defining the AR or
XR experience). As the experience is first rendered for interaction and user 1504 begins
interacting with the experience, user 1504 is inspecting the scene by just looking around,
without fixating or focusing on a particular part, space, or object of the experience.
Additionally, user 1504 is depicted as not interacting, inspecting, or touching any particular
object or surface rendered in the experience. As described at least in reference to FIGS. 12
and 13 of this disclosure, scenario 1500 illustrates a balances the graphics rendering and
haptics rendering of each of moderate resolution teapot 1508 and moderate resolution torus
knot 1510 by using the minimal haptics fidelity level for both objects, as the user is not
touching any objects to feel them, and using moderate graphics LoD level across each object
as the user is not visually inspecting any specific object nor is the user directly interacting
with either. As discussed in reference to FIG. 11, a scene graph corresponding to the
experience generated for scenario 1500 may be utilized to determine haptic and graphic
resolutions based on interactions between user 1504 and the depicted objects or environment.
[0127] FIG. 16 illustrates scenario 1600 where object rendering within a haptics enabled
media asset is based on a user’s interaction with different objects, in accordance with some
embodiments of the disclosure. Scenario 1600 may be executed using one or more of the
devices or systems of this disclosure, wherein one or more of the processes of this disclosure
are executable (e.g., based on a non-transitory computer readable medium comprising non-
transitory computer readable instructions accessible or stored via one or more processors or
processing units of this disclosure) by the one or more systems of this disclosure in order to
result in scenario 1600.

[0128] Scenario 1600 is an example of how balancing haptic and graphic rendering of an
AR or XR experience can be modified during a viewing session by user 1504 based on
interactions between user 1504 and the depicted objects. As shown in FIG. 16, user 1504
has a range of focus 1602 that indicates user 1504 is focused on high graphics resolution
teapot 1604, while user 1504 is also touching (e.g., within the experience based on inputs

from a hand mounted device or sensor) high haptics resolution torus knot 1606 for gaining a
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tactile sense of high haptics resolution torus knot 1606 without including high haptic
resolution torus knot 1606 in range of focus 1602. In this situation, the haptics and graphics
rendering balance, as enabled by one or more processes and devices of this disclosure, selects
to use the maximum graphics LoD level and minimum haptics fidelity level for high graphics
resolution teapot 1604 (as user 1504 is focused on high graphics resolution teapot 1604
without touching the object), and using maximum haptics fidelity level and minimum
graphics level for high haptics resolution torus knot 1606 (as user 1504 is touching high
haptics resolution torus knot 1606 without looking at the object). This provides an example
of how haptics may have a different resolution than graphics of any particular element of a
scene of a media asset based on inputs from user 1504 of client device 1502.

[0129] FIG. 17 illustrates scenario 1700 where object rendering within a haptics enabled
media asset is based on a user’s interaction with different objects, in accordance with some
embodiments of the disclosure. Scenario 1700 may be executed using one or more of the
devices or systems of this disclosure, wherein one or more of the processes of this disclosure
are executable (e.g., based on a non-transitory computer readable medium comprising non-
transitory computer readable instructions accessible or stored via one or more processors or
processing units of this disclosure) by the one or more systems of this disclosure in order to
result in scenario 1700.

[0130] Scenario 1700 corresponds to a scenario where user 1504 of client device 1502 is
touching and looking directly at high haptics high graphics resolution torus knot 1706 in
order to receive high resolution visual and haptic feedback, without looking directly at or
interacting with low graphics resolution teapot 1704. In this situation, a minimum graphics
LoD version asset and a minimum haptics fidelity level asset may be employed during
rendering of the experience depicted for all other objects besides the one being touched and
looked at (e.g., high haptics high graphics resolution torus knot 1706) to avoid excessive
processing without improving a QoE score or improving a level of immersion for user 1504.
In order avoid discrepancy between haptics and visual feedback that will be within the
performance limits of client device 1502 with respect to rendering capabilities, more
processing power is directed to high haptics high graphics resolution torus know 1706 than
any other object or element of the experience.

[0131] FIG. 18 is a flow chart representing process 1800 for balancing haptic feedback
rendering and graphics rendering of different aspects of a media asset, in accordance with
some embodiments of the disclosure. Process 1800 may be executed by processing circuitry

on a client user device, may be executed at a server (e.g., a server for media content
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distribution), or combinations thereof (e.g., any of the systems and devices described herein).
The various devices and systems described herein may comprise one or more processors with
one or more aspects of this, and other processes of this disclosure, encoded thereon by a non-
transitory computer readable medium comprising non-transitory computer readable
instructions for executing the one or more aspects (e.g., process blocks) of this and other
processes of this disclosure, whether the non-transitory computer readable medium includes
one or more aspects independently on at least one processor (or processing units thereof), or
in combination across instructions store on at least two different processors.

[0132] Process 1800 illustrates processing executed by the viewing client for balancing
haptics and graphics rendering in case of scene consisting of multiple assets. A core idea of
the balancing is that for object that are being both inspected by touching and looking, the
maximum haptics fidelity level matching the client device capabilities should be used with a
graphics LoD version matching the haptics fidelity level version. For objects that are only
being looked at, the goal is to use high LoD level for maximizing the visual richness. Objects
that are only being touched, such as control panel of an airplane manipulated without looking
at it, the goal is to use the highest haptics fidelity level while the graphics LoD version does
not need to match the haptics fidelity version.

[0133] The process of a user intention inferring is determining what are the assets the user
is touching and what are the assets the user is looking at. With gesture recognition done
based on the user input analysis, assets that the user is actively inspecting by touching them
are identified. Similarly, if there is eye tracking available, eye tracking data is analyzed to
identify objects that the user is currently focusing their gaze on (e.g., object within a range of
focus or line of sight). For example, in scenes with high tempo activity and multiple objects
that the user needs to manipulate, the user might not be inspecting any specific asset by
touching nor looking at anything specific and the rendering can be more evenly distributed to
optimize the performance for the specific context.

[0134] At process block 1802, total performance requirements are calculated with the
current asset versions. For example, a QoE may be determined based on one or more of
device capabilities, user inputs or preferences, or wireless signal strength to determine if the
current asset versions are the most compatible of available asset versions with the current
user state (e.g., based at least in part on user activity and a current client device). Process
blocks 1804 and 1806 may both be executed simultaneously after process block 1802, or
either of process blocks 1804 or 1806 may be performed before the other. At process block

1804, a user input corresponding to current asset versions is received. At process block 1806,
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a current scene state is determined (e.g., current progress in a requested media asset or a QoE
score is determined for a current scene being rendered for user interaction). At process block
1808, a user intention is predicted with respect to the current scene based at least one the
current scene state and the received user input. For example, a user may look towards an
object and then may start to reach for the object in the experience. While executing process
1800, a device or system may then predict the user intends to grab the object the user is
reaching for while looking at it and may perform subsequent steps of process 1800 based on
the prediction. At process block 1810, flags for prioritization, which are provided with
current asset versions, to an “off” state in view of the predicted user intention. For example,
a media asset MPD may mark certain aspects of a scene or an object as something to have
high graphics or haptics feedback resolution by default (e.g., something a user carries
around). A user may, however, provide inputs indicating the user wants high resolution (e.g.,
graphically or haptic feedback related) for a different aspect of the media asset (e.g., the user
wants to carry around a different object during the experience). Therefore, according to
process block 1810, the default prioritization flags for particular assets may be switched off
to avoid prioritization of rendering for something the user is not interested in to avoid, for
example, a reduction in a QoE score.

[0135] Subprocess 1830 of process 1800 is to be performed on each asset of a requested
XR experience or media asset. For example, where there are multiple scenes, objects, or
environments, each of the aforementioned assets would be subjected to subprocess 1830,
either collectively or independently. In some embodiments, subprocess 1830 may be
performed on assets a user is directly focused on or a user is predicted to focus on. In some
embodiments, subprocess 1830 is performed on the entire set of assets prior to a user
beginning a requested experience. Once the flags for prioritization are set to an “oft”
configuration at process block 1810, one or more of decision block 1812 and 1814 may be
executed contemporaneously or in a progressing order, depending on whether the user input
corresponds to touching (e.g., resulting in prioritization of decision block 1812 and process
blocks depicted in FIG. 18 thereafter), looking (e.g., resulting in prioritization of decision
block 1814 and process blocks depicted in FIG. 18 thereafter), or a combination thereof (e.g.,
resulting in a mixed prioritization of execution of decision blocks 1812 and 1814 depending
user preferences accessible by a client device or content server with respect to prioritization
of graphics resolution or haptic feedback resolution).

[0136] At decision block 1812, a determination is made if the user is touching an object of

the asset (e.g., an object in a scene of a media asset). If it is determined the user is not
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touching an object (NO at 1812), then, at process block 1816, the lowest haptics fidelity
version for device haptics capabilities (e.g., of the client device) are set across all objects of
the asset. If it is determined the user is touching an object of the asset (YES at 1812), then a
flag is set to prioritize haptics rendering at process block 1818. At process block 1820A, the
highest haptics fidelity version suitable for device haptics capabilities is set (e.g., for the
client device).

[0137] Atdecision block 1814, a determination is made if the user is looking at an object of
the asset (e.g., an object in a scene of a media asset). If it is determined the user is not
looking at an object (NO at 1814), then, at process block 1824, the lowest graphics fidelity
version for device haptics capabilities (e.g., of the client device) are set across all objects of
the asset. If it is determined the user is looking at an object of the asset (YES at 1814), then a
flag is set to prioritize graphics rendering at process block 1822. At process block 1820B, the
highest haptics fidelity version suitable for device haptics capabilities is set (e.g., for the
client device).

[0138] In some embodiments, the user may be looking at and touching an object of the
asset (YES at both process blocks 1812 and 1814). Where this occurs, both haptics and
graphics rendering are prioritized at process block 1826 (e.g., resulting in the balancing of
rendering discussed in this disclosure). At process block 1828, the highest haptics and
highest graphics fidelity versions suitable for the client device haptics capabilities and the
client device graphics capabilities are set, but may be subjected to balancing of prioritization
of asset rendering based on a QoE score during the session of the viewing dipping below a
minimum QoE score.

[0139] In response to subprocess 1830 being executed for each asset of a request media
asset scene, process 1800 is then progressed to process block 1832. At process block 1832,
total performance requires of the client device while rendering the new asset versions is
calculated. For example, with the new asset versions, a QoE score is anticipated to increase
above a target minimum level. At process block 1834, performance metrics of the client
device while rendering the new asset versions are retrieved. At decision block 1836, a
determination is made if a reduction in computing requirements for rendering the current
version of the asset or assets is required (e.g., based on user input such as fatigue in the eyes
as determined from eye tracking or based on device computing performance and the effect of
the computing performance on a QoE for the user). Ifit is determined a reduction in
computing requirements of the current asset versions is not required (NO at 1836), then

process 1800 is ended. If it is determined a reduction in computing requirements of the
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current asset versions is required (YES at 1836), then decision block 1838 is used to
determine if prioritization flags for both haptics and graphics rendering.

[0140] Ifitis determined prioritization flags are set for both haptics rendering and graphics
rendering (YES at 1838), a reduction of the LoD of assets (e.g., both haptics and graphics
rendering LoD as conveyed by a MPD of a version of the scene, asset, or media asset) is
performed via process block 1840 for assets not being touched or looked at by the user. At
process block 1842, updated performance metrics (e.g., of the client device based on a review
of an updated user experience with the updated version requested content, assets, or scene),
are retrieved. Decision block 1844 is then used to determine if further reductions in
computing requirements are needed based on updated performance metrics in view of the
newer versions of assets being rendered. If it is determined that further reductions in
computing requirements are not needed based on updated performance metrics (NO at 1844),
then process 1800 is ended. If it is determined that further reductions in computing
requirements are needed based on updated performance metrics (YES at 1844), process block
1846 is repeated until computing requirements are within limits. At process block 1846, a
reduction of both haptics and graphics fidelity levels of objects that are only touched or only
looked at (e.g., one or the other) by the user is performed until the last determined computing
requirements are within acceptable limits to enable the user to continue the immersive
experience on the current client device.

[0141] Ifitis determined prioritization flags are not set for both haptics rendering and
graphics rendering (NO at 1838), decision block 1848 is used to determine if the graphics
rendering prioritization flag is set. If it is determined that the graphics rendering
prioritization flag is set (YES at 1848), a reduction in the LoD of graphics of objects is
performed via process block 1850, starting with objects not being looked at and progressing
towards a foreground of the experience (e.g., objects closest to a user) and continue to object
being looked at or tracked by the user’s eyes until computing requirements are met (e.g., a
QokE target minimum score is achieved based on the progressive reduction in LoD of various
graphics). If it is determined that the graphics rendering prioritization flag is not set (NO at
1848), decision block 1852 is used to determine if the haptics rendering prioritization flag is
set. Ifis it determined the haptics rendering prioritization flag is set (YES at 1852), a
reduction of the haptics LoD of objects is performed at process block 1854, starting with
object not being touched and continued up to objects being touched or soon to be touched
(e.g., based on predictions of the user’s behavior based on one or more of current or past data

corresponding to this media asset or other related media assets) until computing requirements
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are met (e.g., as discussed above with respect to target QoE scores). If is it determined the
haptics rendering prioritization flag is not set (NO at 1852), a balancing of the reduction of
haptics LoD and graphics LoD is performed via process block 1856 until computing
requirements are met (e.g., in view of target QoE scores).

[0142] FIG. 19 is a flow chart representing process 1900 for rendering a haptics enabled
asset based on various settings corresponding to a haptics enabled client device, in
accordance with some embodiments of the disclosure. Process 1900 may be executed by
processing circuitry on a client user device, may be executed at a server (e.g., a server for
media content distribution), or combinations thereof (e.g., any of the systems and devices
described herein). The various devices and systems described herein may comprise one or
more processors with one or more aspects of this, and other processes of this disclosure,
encoded thereon by a non-transitory computer readable medium comprising non-transitory
computer readable instructions for executing the one or more aspects (e.g., process blocks) of
this and other processes of this disclosure, whether the non-transitory computer readable
medium includes one or more aspects independently on at least one processor (or processing
units thereof), or in combination across instructions store on at least two different processors.
[0143] Process 1900 illustrates the data and process flow in an exemplary use session
where the user interaction with the scene objects changes (e.g., as is illustrated in FIGS. 15-
17). For a single user, this is a coordinated optimization of visual and haptics rendering to
ensure an optimal immersive experience. In the case of a collaboration by multiple users, the
balancing in rendering visual and haptics levels may be extended to ensure better consistency
of experiences among the participants. However, the varying capabilities among different
devices must also be considered in order to maintain an appropriate QoE for each user. In
one embodiment, the common denominator, or the lowest, of visual and/or haptics rendering
capability can be identified and communicated to the others as the constraints applied to the
rendering, to allow the participants to experience similar effects.

[0144] In one embodiment, the participant who has a less capable device may be identified
so that the variations in the rendering of visual and haptics on this device will be used to
guide the corresponding rendering on the other viewing clients. When a downgrade becomes
necessary, a notification through UI may be prompted to the other users. This adaptation is
dynamic since this participant may look at and touch different objects at different times. In
another embodiment, the participant who has the most capable device may be identified so
that one or more of the best visual or haptics experiences may be communicated to the others.

This way, each of the other viewing clients may understand the best experience in the session
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and assess the feasibility of achieving the best experience on a reduced set of objects. For
instance, a less capable device may find difficulty rendering the best for two close objects at
the same time. It may then advise the user to separate the objects in a distance that the user is
still able to experience the best of each object. This again is a coordinated experience in
collaboration with others (i.e., moving and rotating objects is perceived in synchronization
among clients).

[0145] At process block 1902, a request to load XR content for user interaction at a client
device is received. At process block 1904, a scene graph is retrieved that corresponds to XR
content from the request. At process block 1906, client device haptics feedback capabilities
are collected. At process block 1908, asset versions for rendering at the client device are
selected based at least in part on the retrieved scene graph (e.g., in some embodiments, user
settings or user preferences accessible via the client device). At process block 1910, asset
versions are loaded for execution of XR content for user interaction. At process block 912,
performance metrics for the XR experience of the user are determined based at least in part
on the executed asset versions. In some embodiments, one or more of a user input or stored
user preference may contribute to the performance metrics. Decision block 1914 is used to
determine if the experience performance metrics are acceptable. If it is determined that the
XR experience performance metrics are not acceptable (NO at 1914), process block 1908 is
used to select new asset versions for rendering at the client device. If it is determined that the
XR experience performance metrics are acceptable (YES at 1914), a changed is detected, at
process block 1916, in the interaction state of the user associated with one or more of the
users touching an object in the experience or the user looking directly at an object in the
experience.

[0146] Decision blocks 1918A and 1918B may be then executed progressively (e.g., one
before the other in either order) or simultaneously. Decision block 1918A determines if the
interaction state change corresponds to the user touching an object. If it is determined the
interaction state change corresponds to the user touching an object (YES at 1918A),
rendering of haptics for the object being touched is prioritized at process block 1920A, over
at least graphics rendering of other portions of the experience. If it is determined the
interaction state change corresponds to the user touching an object (NO at 1918A), then
decision block 1918B is used to determine if the interaction state change corresponds to the
user looking at an object. In some embodiments, decision block 1918B is used before
decision block 1918A, resulting in at least a partial change in the order of process blocks

utilized in at least this paragraph. If it is determined that the interaction state change
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corresponds to the user looking at an object (YES at 1918B), the rendering of graphics for the
object being touched is prioritized at process block 1920B, over at least haptics rendering of
other portions of the experience. Process 1900 then proceeds to process block 1922,
regardless of whether one or both of process blocks 1920A or 1920B is utilized as part of
execution of process 1900. At process block 1922, required asset versions that are not yet
loaded are applied to the experience such that the active asset versions of the experience
being rendered by the client device for user interaction are according to the prioritization
corresponding to the user interaction state (e.g., as determined in connection with one or
more of process blocks 1918A, 1920A, 1918B, or 1920B). In some embodiments, process
block 1912 is revisited during execution of process 1900 after the elements of process 1900
corresponding to process block 1922 are executed.

[0147] The systems and processes discussed above are intended to be illustrative and not
limiting. One skilled in the art would appreciate that the actions of the processes discussed
herein may be omitted, modified, combined, and/or rearranged, and any additional actions
may be performed without departing from the scope of the invention. More generally, the
above disclosure is meant to be exemplary and not limiting. Only the claims that follow are
meant to set bounds as to what the present disclosure includes. Furthermore, it should be
noted that the features and limitations described in any one embodiment may be applied to
any other embodiment herein, and flowcharts or examples relating to one embodiment may
be combined with any other embodiment in a suitable manner, done in different orders, or
done in parallel. In addition, the systems and methods described herein may be performed in
real time. It should also be noted that the systems and/or methods described above may be
applied to, or used in accordance with, other systems and/or methods.

[0148] While some portions of this disclosure may refer to “convention” or examples, any
such reference is merely to provide context to the instant disclosure and does not form any

admission as to what constitutes the state of the art.
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This specification discloses embodiments which include, but are not limited to, the following:

1. A method comprising:

receiving, at a server, a request for a media asset for interaction on a haptic enabled
device;

determining, based on the request, haptic feedback settings of the haptic enabled
device associated with the request;

transmitting, by the server to the haptic enabled device, a version of the media asset
comprising haptic feedback rendering criteria compatible with the haptic enabled device,
wherein the version of the media asset is comprised of graphics and haptics rendering criteria
based on one or more of a current network connection strength between the server and the
haptic enabled device or user interaction data corresponding to the haptic enabled device; and

rendering the version of the media asset for display via the haptic enabled device

based on the haptic feedback settings.

2. The method of item 1, further comprising:

determining required haptic resolution ranges for generating the media asset for
display via the haptic enabled device;

comparing the required haptic resolution ranges for generating the media asset for
display to haptic feedback rendering capabilities of the haptic enabled device; and

determining, based on the comparing, the media asset can be displayed via the haptic

enabled device.

3. The method of item 1, wherein at least two versions of the media asset are accessible

via the server.

4. The method of item 3, wherein:

a first version of the at least two versions of the media comprises first haptic feedback
criteria; and

a second version of the at least two versions of the media asset comprises second

haptic feedback criteria different from the first haptic feedback criteria.
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5. The method of item 1, wherein the haptic feedback rendering criteria comprises one
or more of kinesthetic feedback or tactile feedback required for generating the media asset for

display via the haptic enabled device.

6. The method of item 1, further comprising:

identifying, via the server, at least one version of the media asset;

determining, based on a media presentation description associated with the media
asset, required haptic feedback settings for displaying the at least one version of the media
asset;

comparing the required haptic feedback settings to the haptic feedback settings of the
haptic enabled device; and

determining, based on the comparing, the at least one version of the media asset is

configured to be displayed via the haptic enabled device.

7. The method of item 1, the haptic feedback settings of the haptic enabled device
comprise one or more of user preferred kinesthetic feedback ranges or user preferred tactile

feedback ranges.

8. The method of item 1, wherein the version of the media asset is rendered for display

based on rendering criteria defined by settings corresponding to the haptic feedback device.

9. The method of item 8, wherein the rendering criteria is modified during display of the
media asset based on analysis of one or more user patterns of the haptic enabled device for a

duration of time that the media asset is displayed.

10. The method of item 9, wherein the one or more user patterns comprise user response
to haptic feedback, user eye tracking with respect to elements of the media asset generated for
display, duration of use, or an activity level of a user for a duration that the media asset is

displayed.

1. A system comprising:
a server; and
a haptics enabled device communicatively coupled to the server, the haptics enabled

device comprising processing circuitry configured to interface with processing circuitry of
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the server, wherein one or more of the processing circuitries are configured to execute
instructions to:

receive, at the server, a request for a media asset for interaction on a haptic
enabled device;

determine, based on the request, haptic feedback settings of the haptic enabled
device associated with the request;

transmit, by the server to the haptic enabled device, a version of the media
asset comprising haptic feedback rendering criteria compatible the haptic enabled device,
wherein the version of the media asset is comprised of graphics and haptics rendering criteria
based on one or more of a current network connection strength between the server and the
haptic enabled device or user interaction data corresponding to the haptic enabled device; and

render the version of the media asset for display via the haptic enabled device

based on the haptic feedback settings.

12. The system of item 11, wherein one or more of the processing circuitries are further
configured to execute instruction to:

determine required haptic resolution ranges for generating the media asset for display
via the haptic enabled device;

compare the required haptic resolution ranges for generating the media asset for
display to haptic feedback rendering capabilities of the haptic enabled device; and

determine, based on the comparing, the media asset can be displayed via the haptic

enabled device.

13.  The system of item 11, wherein at least two versions of the media asset are accessible

via the server.

14. The system of item 13, wherein:

a first version of the at least two versions of the media comprises first haptic feedback
criteria; and

a second version of the at least two versions of the media asset comprises second

haptic feedback criteria different from the first haptic feedback criteria.
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15. The system of item 11, wherein the haptic feedback rendering criteria comprises one
or more of kinesthetic feedback or tactile feedback required for generating the media asset for

display via the haptic enabled device.

16. The system of item 11, wherein one or more of the processing circuitries are further
configured to execute instruction to:

identify, via the server, at least one version of the media asset;

determine, based on a media presentation description associated with the media asset,
required haptic feedback settings for displaying the at least one version of the media asset;

compare the required haptic feedback settings to the haptic feedback settings of the
haptic enabled device; and

determine, based on the comparing, the at least one version of the media asset is
configured to be displayed via the haptic enabled device.
17. The system of item 11, the haptic feedback settings of the haptic enabled device
comprise one or more of user preferred kinesthetic feedback ranges or user preferred tactile

feedback ranges.

18. The system of item 11, wherein the version of the media asset is rendered for display

based on rendering criteria defined by settings corresponding to the haptic feedback device.

19.  The system of item 18, wherein the rendering criteria is modified during display of
the media asset based on analysis of one or more user patterns of the haptic enabled device

for a duration of time that the media asset is displayed.

20. The system of item 19, wherein the one or more user patterns comprise user response
to haptic feedback, user eye tracking with respect to elements of the media asset generated for
display, duration of use, or an activity level of a user for a duration that the media asset is

displayed.

21. A system comprising:

means for receiving, at a server, a request for a media asset for interaction on a haptic
enabled device;

means for determining, based on the request, haptic feedback settings of the haptic

enabled device associated with the request;
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means for transmitting, by the server to the haptic enabled device, a version of the
media asset comprising haptic feedback rendering criteria compatible the haptic enabled
device, wherein the version of the media asset is comprised of graphics and haptics rendering
criteria based on one or more of a current network connection strength between the server
and the haptic enabled device or user interaction data corresponding to the haptic enabled
device; and

means for rendering the version of the media asset for display via the haptic enabled

device based on the haptic feedback settings.

22. The system of item 21, further comprising:

means for determining required haptic resolution ranges for generating the media
asset for display via the haptic enabled device;

means for comparing the required haptic resolution ranges for generating the media
asset for display to haptic feedback rendering capabilities of the haptic enabled device; and

means for determining, based on the comparing, the media asset can be displayed via

the haptic enabled device.

23.  The system of item 21, wherein at least two versions of the media asset are accessible

via the server.

24. The system of item 23, wherein:

a first version of the at least two versions of the media comprises first haptic feedback
criteria; and

a second version of the at least two versions of the media asset comprises second

haptic feedback criteria different from the first haptic feedback criteria.
25. The system of item 21, wherein the haptic feedback rendering criteria comprises one
or more of kinesthetic feedback or tactile feedback required for generating the media asset for

display via the haptic enabled device.

26. The system of item 21, further comprising:

means for identifying, via the server, at least one version of the media asset;
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means for determining, based on a media presentation description associated with the
media asset, required haptic feedback settings for displaying the at least one version of the
media asset;

means for comparing the required haptic feedback settings to the haptic feedback
settings of the haptic enabled device; and

means for determining, based on the comparing, the at least one version of the media

asset is configured to be displayed via the haptic enabled device.

27. The system of item 21, the haptic feedback settings of the haptic enabled device
comprise one or more of user preferred kinesthetic feedback ranges or user preferred tactile

feedback ranges.

28. The system of item 21, wherein the version of the media asset is rendered for display

based on rendering criteria defined by settings corresponding to the haptic feedback device.

29.  The system of item 28, wherein the rendering criteria is modified during display of
the media asset based on analysis of one or more user patterns of the haptic enabled device

for a duration of time that the media asset is displayed.

30. The system of item 29, wherein the one or more user patterns comprise user response
to haptic feedback, user eye tracking with respect to elements of the media asset generated for
display, duration of use, or an activity level of a user for a duration that the media asset is

displayed.

31 A non-transitory computer-readable medium having non-transitory computer-readable
instructions encoded thereon that, when executed by control circuitry, cause the control
circuitry to:

receive, at the server, a request for a media asset for interaction on a haptic enabled
device;

determine, based on the request, haptic feedback settings of the haptic enabled device
associated with the request;

transmit, by the server to the haptic enabled device, a version of the media asset
comprising haptic feedback rendering criteria compatible the haptic enabled device, wherein

the version of the media asset is comprised of graphics and haptics rendering criteria based
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on one or more of a current network connection strength between the server and the haptic
enabled device or user interaction data corresponding to the haptic enabled device; and
render the version of the media asset for display via the haptic enabled device based

on the haptic feedback settings.

32.  The non-transitory computer-readable medium of item 31, wherein the instructions
further cause the control circuitry to:

determine required haptic resolution ranges for generating the media asset for display
via the haptic enabled device;

compare the required haptic resolution ranges for generating the media asset for
display to haptic feedback rendering capabilities of the haptic enabled device; and

determine, based on the comparing, the media asset can be displayed via the haptic

enabled device.

33.  The non-transitory computer-readable medium of item 31, wherein at least two

versions of the media asset are accessible via the server.

34. The non-transitory computer-readable medium of item 33, wherein:

a first version of the at least two versions of the media comprises first haptic feedback
criteria; and

a second version of the at least two versions of the media asset comprises second

haptic feedback criteria different from the first haptic feedback criteria.

35.  The non-transitory computer-readable medium of item 31, wherein the haptic
feedback rendering criteria comprises one or more of kinesthetic feedback or tactile feedback

required for generating the media asset for display via the haptic enabled device.

36.  The non-transitory computer-readable medium of item 31, wherein the instructions
further cause the control circuitry to:

identify, via the server, at least one version of the media asset;

determine, based on a media presentation description associated with the media asset,
required haptic feedback settings for displaying the at least one version of the media asset;

compare the required haptic feedback settings to the haptic feedback settings of the

haptic enabled device; and
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determine, based on the comparing, the at least one version of the media asset is

configured to be displayed via the haptic enabled device.

37.  The non-transitory computer-readable medium of item 31, the haptic feedback
settings of the haptic enabled device comprise one or more of user preferred kinesthetic

feedback ranges or user preferred tactile feedback ranges.

38.  The non-transitory computer-readable medium of item 31, wherein the version of the
media asset is rendered for display based on rendering criteria defined by settings

corresponding to the haptic feedback device.

39. The non-transitory computer-readable medium of item 38, wherein the rendering
criteria is modified during display of the media asset based on analysis of one or more user

patterns of the haptic enabled device for a duration of time that the media asset is displayed.

40.  The non-transitory computer-readable medium of item 39, wherein the one or more
user patterns comprise user response to haptic feedback, user eye tracking with respect to
elements of the media asset generated for display, duration of use, or an activity level of a

user for a duration that the media asset is displayed.

41. A method comprising:

receiving, at a server, a request for a media asset for interaction on a haptic enabled
device;

determining, based on the request, haptic feedback settings of the haptic enabled
device associated with the request;

transmitting, by the server to the haptic enabled device, a version of the media asset
comprising haptic feedback rendering criteria compatible the haptic enabled device, wherein
the version of the media asset is comprised of graphics and haptics rendering criteria based
on one or more of a current network connection strength between the server and the haptic
enabled device or user interaction data corresponding to the haptic enabled device; and

rendering the version of the media asset for display via the haptic enabled device

based on the haptic feedback settings.

42. The method of item 41, further comprising:
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determining required haptic resolution ranges for generating the media asset for
display via the haptic enabled device;

comparing the required haptic resolution ranges for generating the media asset for
display to haptic feedback rendering capabilities of the haptic enabled device; and

determining, based on the comparing, the media asset can be displayed via the haptic

enabled device.

43. The method of items 41 and 42, wherein at least two versions of the media asset are

accessible via the server.

44. The method of item 43, wherein:

a first version of the at least two versions of the media comprises first haptic feedback
criteria; and

a second version of the at least two versions of the media asset comprises second haptic

feedback criteria different from the first haptic feedback criteria.

45. The method of items 41-43, wherein the haptic feedback rendering criteria comprises
one or more of kinesthetic feedback or tactile feedback required for generating the media

asset for display via the haptic enabled device.

46. The method of items 41-43 and 45, further comprising:

identifying, via the server, at least one version of the media asset;

determining, based on a media presentation description associated with the media
asset, required haptic feedback settings for displaying the at least one version of the media
asset;

comparing the required haptic feedback settings to the haptic feedback settings of the
haptic enabled device; and

determining, based on the comparing, the at least one version of the media asset is

configured to be displayed via the haptic enabled device.
47. The method of items 41-43 and 46, the haptic feedback settings of the haptic enabled

device comprise one or more of user preferred kinesthetic feedback ranges or user preferred

tactile feedback ranges.
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48. The method of items 41-43 and 47, wherein the version of the media asset is rendered
for display based on rendering criteria defined by settings corresponding to the haptic

feedback device.

49.  The method of item 48, wherein the rendering criteria is modified during display of
the media asset based on analysis of one or more user patterns of the haptic enabled device

for a duration of time that the media asset is displayed.

50. The method of item 49, wherein the one or more user patterns comprise user response
to haptic feedback, user eye tracking with respect to elements of the media asset generated for
display, duration of use, or an activity level of a user for a duration that the media asset is

displayed.
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What is claimed is:

1. A method comprising:

receiving, at a server, a request for a media asset for interaction on a haptic enabled
device;

determining, based on the request, haptic feedback settings of the haptic enabled
device associated with the request;

transmitting, by the server to the haptic enabled device, a version of the media asset
comprising haptic feedback rendering criteria compatible with the haptic enabled device,
wherein the version of the media asset is comprised of graphics and haptics rendering criteria
based on one or more of a current network connection strength between the server and the
haptic enabled device or user interaction data corresponding to the haptic enabled device; and

rendering the version of the media asset for display via the haptic enabled device

based on the haptic feedback settings.

2. The method of claim 1, further comprising:

determining required haptic resolution ranges for generating the media asset for
display via the haptic enabled device;

comparing the required haptic resolution ranges for generating the media asset for
display to haptic feedback rendering capabilities of the haptic enabled device; and

determining, based on the comparing, the media asset can be displayed via the haptic

enabled device.

3. The method of any one of claims 1-2, wherein at least two versions of the media asset

are accessible via the server.

4. The method of claim 3, wherein:

a first version of the at least two versions of the media comprises first haptic feedback
criteria; and

a second version of the at least two versions of the media asset comprises second

haptic feedback criteria different from the first haptic feedback criteria.
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5. The method of any one of claims 1-4, wherein the haptic feedback rendering criteria
comprises one or more of kinesthetic feedback or tactile feedback required for generating the

media asset for display via the haptic enabled device.

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

identifying, via the server, at least one version of the media asset;

determining, based on a media presentation description associated with the media
asset, required haptic feedback settings for displaying the at least one version of the media
asset;

comparing the required haptic feedback settings to the haptic feedback settings of the
haptic enabled device; and

determining, based on the comparing, the at least one version of the media asset is

configured to be displayed via the haptic enabled device.

7. The method of any one of claims 1-6, the haptic feedback settings of the haptic
enabled device comprise one or more of user preferred kinesthetic feedback ranges or user

preferred tactile feedback ranges.

8. The method of any one of claims 1-7, wherein the version of the media asset is
rendered for display based on rendering criteria defined by settings corresponding to the

haptic feedback device.

9. The method of claim 8, wherein the rendering criteria is modified during display of
the media asset based on analysis of one or more user patterns of the haptic enabled device

for a duration of time that the media asset is displayed.

10. The method of claim 9, wherein the one or more user patterns comprise user response
to haptic feedback, user eye tracking with respect to elements of the media asset generated for

display, duration of use, or an activity level of a user for a duration that the media asset is

displayed.
11. A system comprising: means for executing the steps of the method of any of claims 1-
10.
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12. A non-transitory computer-readable medium having instructions encoded thereon that
when executed by control circuitry cause the control circuitry to carry out the steps of any

one of claims 1-10.
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