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METHOD AND SYSTEM FOR HAPTIC DATA
ENCODING AND STREAMING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority to:
U.S. Provisional Patent Application No. 61/827,341, filed
May 24, 2013 and entitled “System and Method of Haptic
Media Encoding,” U.S. Provisional Patent Application No.
61/874,920, filed Sep. 6, 2013 and entitled “Haptic Content
Creation, Distribution and Playback Solution,” and U.S. Pro-
visional Patent Application No. 61/907,318, filed Nov. 21,
2013 and entitled “Method and System for Haptic Data
Encoding and Streaming,” the contents of all of which are
incorporated herein by reference in their entireties.

FIELD

[0002] The present invention is directed to systems and
methods for encoding a haptic stream as part of digital content
for storing and/or for transferring over a network.

BACKGROUND

[0003] With the increasing use of haptic effects to enhance
a user’s experience in a plethora of digital content applica-
tions, it is desirable to efficiently store and/or transmit haptic
data together with other digital content (e.g., multimedia
data) over a network. A haptic data stream is typically repre-
sented in raw pulse code modulation (“PCM”) data format. To
stream haptic data sampled in 8 bits at 8000 samples per
second over a network (wired or wireless), 64 kbits (8§ KB) per
second, or an extra 8 KBps should be transferred on the
bandwidth. However, there may be periods of silence in the
stream, i.e. periods during which no haptic data is streamed,
which may waste time and bandwidth by streaming zeroes or
unnecessary data over the network, and is not ideal for both
the content distributor and the end user. The storing of haptic
data streams faces the same challenge.

[0004] With respect to digital content streaming, adaptive
bit rate streaming is a common practice for varying the quality
of audio/video signals when streaming or transmitting large
amounts of data over a digital network. This is done so that the
smooth streaming or playback of audio and video signals is
still feasible by adapting to varying network speeds and/or
congestion. For example, if a video is streaming at very high
quality, and then the network over which it is streaming
experiences heavy network congestion, or the download
speed suddenly becomes slower, the streaming server can still
transmit data, but will transmit lower quality data to conserve
network bandwidth. Once the congestion has been mitigated
and the network speed has increased, the data sent will be
higher quality as network bandwidth is more freely available.
This may be done by encoding data at multiple bit rates so that
the amount of data to be transmitted is much less.

[0005] Haptic signals may be interpreted as audio signals if
the signal is simply a waveform. However, simply treating
haptic signals like audio signals and transcoding the haptic
signal at multiple bit rates may not offer much room to adapt
the quality for various network speeds. A high quality haptic
signal may be considered to have a sample rate of 8 kHz,
which is considered to be a very low sample rate for an audio
signal and would be alow quality signal. By simply degrading
the quality of the haptic signal, a completely different user
experience may be introduced, and degrading the quality by
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just arbitrarily removing bits of the same stream may result in
unintended texturing and take away from the clarity of the
signal.

SUMMARY

[0006] It is desirable to provide haptic data encoding
schemes that allow the haptic data to be stored and/or trans-
ferred over a network more efficiently.

[0007] According to an aspect of the invention, there is
provided a method that includes receiving digital content data
including audio data and/or video data; generating haptic data
using at least some of the received digital content data; encod-
ing the haptic data for efficient transmission over a commu-
nication network; multiplexing the encoded haptic data with
the received digital content data; embedding information for
decoding the encoded haptic data in metadata of the multi-
plexed data stream; and sending the multiplexed data stream
over the communication network.

[0008] Inan embodiment, the method may be a computer-
implemented method for enriching user digital content expe-
rience with haptic data and may be implemented on a com-
puting device having a processor programmed with a
computer program module. The computer-implemented
method may transfer the haptic data together with other digi-
tal content data over a communication network for an end
user to experience the haptic effects generated on an end user
device that is coupled to the network.

[0009] In an embodiment, the method includes analyzing
the haptic data to determine at least one characteristic of the
haptic data, and encoding the haptic data includes encoding,
based on the determined characteristic, the haptic data to meet
a pre-defined criteria.

[0010] Inan embodiment, the pre-defined criteria includes
an output encoded haptic bit stream having the least number
of bits.

[0011] Inanembodiment,the method includes receiving an
endpoint configuration of an end user device from the end
user device, and the pre-defined criteria includes preserving a
range of frequency of the haptic data that correspond to the
received endpoint configuration of the end user device.
[0012] In an embodiment, encoding the haptic data
includes selecting an encoder from a list of pre-determined
encoders based on the determined characteristic and applying
the selected encoder to transform the haptic data.

[0013] Inanembodiment, the list of pre-determined encod-
ers includes an Advanced Audio Coding encoder and/or a
Free Lossless Audio encoder.

[0014] In an embodiment, the characteristics of the haptic
data comprise one or more types of haptic output devices used
to generate haptic effects based on the haptic data, intended
use case of the haptic data, magnitude of the haptic data,
frequency of the haptic data, and length of the silence in the
haptic data.

[0015] In an embodiment, the types of haptic output
devices include one or more of the group consisting of an
eccentric rotating mass actuator, a linear resonant actuator,
and a piezoelectric actuator.

[0016] In an embodiment, the intended use case of the
haptic data is selected from the group consisting of music,
movies and games.

[0017] In an embodiment, encoding the haptic data
includes applying each one of a list of pre-determined encod-
ers to the haptic data to generate a corresponding list of
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encoded haptic data streams, and selecting, using the pre-
defined criteria, an encoded haptic data stream from the list of
encoded haptic data streams.

[0018] In an embodiment, encoding the haptic data
includes encoding the haptic data for a predetermined list of
density factors to generate a plurality of encoded haptic data
streams, each encoded haptic data stream corresponding to a
density factor of the predetermined list of density factors, and
the method includes receiving network bandwidth informa-
tion from an end user device over a communication network,
and selecting one of the encoded haptic data streams based on
a corresponding density factor matching a condition of the
communication network bandwidth for multiplexing with the
received digital content data.

[0019] Inanembodiment, a first encoded data stream of the
plurality of encoded data streams corresponds to a first den-
sity factor of the predetermined list of density factors, and a
second encoded data stream of the plurality of encoded data
streams corresponds to a second density factor of the prede-
termined list of density factors, and wherein the second
encoded data stream comprises more haptic data than the first
data stream and the second density factor is greater than the
first density factor.

[0020] Inan embodiment, the method includes detecting a
change in the network bandwidth information, selecting a
different one of the encoded haptic data streams based on the
corresponding density factor matching the condition of the
communication network bandwidth, and transmitting the
selected different one of the encoded data streams to the end
user device.

[0021] According to an aspect of the invention, there is
provided a system that includes a processor configured to
receive digital content data including audio data and/or video
data, generate haptic data using at least some of the received
digital content data, encode the haptic data for efficient trans-
mission over a communication network, multiplex the
encoded haptic data with the received digital content data,
embed information for decoding the encoded haptic data in
metadata of the multiplexed data stream. and send the multi-
plexed data stream over the communication network. The
system includes a user device configured to receive the mul-
tiplexed encoded haptic data and digital contact data over the
communication network. The user device includes a haptic
output device configured to output a haptic effect based on the
haptic data.

[0022] In an embodiment, the processor is further config-
ured to analyze the haptic data to determine at least one
characteristic of the haptic data, and encode the haptic data
based on the determined characteristic to meet a pre-defined
criteria.

[0023] In an embodiment, the processor is configured to
receive an endpoint configuration of the user device from the
user device, and the pre-defined criteria includes preserving a
range of frequency of the haptic data that correspond to the
received endpoint configuration of the end user device.

[0024] In an embodiment, the processor is configured to
select an encoder from a list of pre-determined encoders
based on the determined characteristic and apply the selected
encoder to transform the haptic data.

[0025] In an embodiment, the processor is configured to
apply each one of a list of pre-determined encoders to the
haptic data to generate a corresponding list of encoded haptic
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data streams, and select, using the pre-defined criteria, an
encoded haptic data stream from the list of encoded haptic
data streams.

[0026] In an embodiment, the processor is configured to
encode the haptic data for a predetermined list of density
factors to generate a plurality of encoded haptic data streams,
each encoded haptic data stream corresponding to a density
factor of the predetermined list of density factors, receive
network bandwidth information from an end user device over
a communication network, and select one of the encoded
haptic data streams based on a corresponding density factor
matching a condition of the communication network band-
width to multiplex with the received digital content data.
[0027] In an embodiment, the processor is configured to
detect a change in the network bandwidth information, select
a different one of the encoded haptic data streams based on
the corresponding density factor matching the condition of
the communication network bandwidth, and transmit the
selected different one of the encoded data streams to the end
user device.

[0028] These and other features, and characteristics of the
present technology, as well as the methods of operation and
functions of the related elements of structure and the combi-
nation of parts and economies of manufacture, will become
more apparent upon consideration of the following descrip-
tion and the appended claims with reference to the accompa-
nying drawings, all of which form a part of this specification,
wherein like reference numerals designate corresponding
parts in the various figures. It is to be expressly understood,
however, that the drawings are for the purpose of illustration
and description only and are not intended as a definition of the
limits of the invention. As used in the specification and in the
claims, the singular form of “a”, “an”, and “the” include
plural referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION. OF THE DRAWINGS

[0029] FIG. 1 illustrates an embodiment of a method for
creating and encoding haptic data to be played with other
multimedia data, either locally or remotely;

[0030] FIG. 2 illustrates an embodiment of a method for
decoding and displaying haptic data in synchronization with
other encoded multimedia data;

[0031] FIG. 3 illustrates an embodiment of a system for
transferring encoded haptic data with multimedia data over a
communication network;

[0032] FIG. 4 illustrates an embodiment of a data structure
of storing different profiles used for creation of haptic data;
[0033] FIG. 5 illustrates an embodiment of a user-select-
able method in which haptic data is generated based on end-
points and use cases;

[0034] FIG. 6 illustrates an embodiment of an automatic-
detection method in which haptic data is generated based on
endpoints and use cases;

[0035] FIG. 7 illustrates an embodiment of a method for
encoding a haptic data stream for transmission over a net-
work;

[0036] FIGS. 8A-8C illustrate embodiments of haptic sig-
nals with different density factors;

[0037] FIG. 9 illustrates an embodiment of a method for
adaptive haptic density transcoding;

[0038] FIG. 10 illustrates an embodiment of adaptive den-
sity transcoding operating in relation to available network
bandwidth over time;
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[0039] FIG. 11 illustrates an embodiment of a handler
structure for audio data within an MP4 file;

[0040] FIG. 12 illustrates an embodiment of a handler
structure for video data within an MP4 file;

[0041] FIG. 13 illustrates an embodiment of a handler
structure for haptic data within an MP4 file;

[0042] FIG. 14 illustrates an embodiment of audio, video
and haptic data headers in an MP4 file;

[0043] FIG. 15 illustrates an embodiment of a valid setting
for haptic data in an MP4 file; and

[0044] FIG. 16 illustrates an embodiment of an invalid set-
ting for haptic data in an MP4 file.

DETAILED DESCRIPTION

[0045] Embodiments of the invention relate to systems and
methods for generating, transferring and/or storing haptic
data as part of digital content to enrich user experience when
consuming the digital content. As used herein, “digital con-
tent” refers to information that can be transferred and stored
at a non-transitory storage medium, and may include, for
example, audio and/or video data. As such, digital content
includes information encoded using various file formats and/
or other un-encoded content that can be transferred and stored
at a non-transitory storage medium.

[0046] Inanembodiment, it may be desirable to add haptic
effect to the playback of multimedia data. FIG. 1 illustrates a
method 100 for creating and encoding haptic data to be even-
tually played with other digital content, either locally or
remotely, in accordance with an embodiment of the invention.
As illustrated, the method 100 includes a source multimedia
processing stage 110, an audio-to-haptic conversion stage
120, a haptic encoding stage 130, a multiplexing stage 140,
and multimedia interleaving stage 150.

[0047] Inanembodiment, haptic data may be created from
the audio data of a multimedia data stream. The audio data
may be extracted during the source multimedia processing
stage 110, and converted to a raw haptic data stream, as
explained in more detail below, during the audio-to-haptic
conversion stage 120. The raw haptic data may be further
encoded during the haptic encoding stage 130 so that less
network bandwidth or less storage space will be needed for
the transfer or storage of the haptic data. During the multi-
plexing stage 140, the encoded haptic data joins the source
multimedia data stream so that the encoded haptic data and
the source multimedia data may be interleaved during the
multimedia interleaving stage 150.

[0048] Inanembodiment, the audio data extracted from the
multimedia data during stage 110 may be just raw data, e.g.,
in bit stream in PCM format. In an embodiment, the audio
data may have been encoded already, such as encoded using
an Advanced Audio Coding (AAC) encoder. In the latter case,
the encoded audio data may be first decoded, either as the last
step of the stage 110 or as the first step during stage 120. Inan
embodiment, the haptic data that is used during stage 130 may
not be generated from the audio data contained in multimedia
data 110, but may instead come from a different source, such
from a raw haptic data storage 125, as illustrated in FIG. 1. In
an embodiment, the video data instead of or in addition to the
audio data may be used to generate haptic data in the method
100 described above. For example, certain video data transi-
tions, e.g., a lightening scene, may be used as a trigger for a
haptic effect to be provided to a user so that the user may
experience a sense of rumbling thunder associated with the
lightening scene.
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[0049] FIG. 2 illustrates a method 200 of decoding and
displaying haptic data in synchronization with other encoded
multimedia data, according to an embodiment of the inven-
tion. In an embodiment, a de-multiplexer 204 may first sepa-
rate an interleaved multimedia data stream 202 into different
data streams, including an audio data stream 206, a video data
stream 208 and a haptic data stream 210 at an end device in
which the interleaved multimedia data 202 is to be played. In
anembodiment, a decoder/synchronizer 212 may contain one
or more audio decoders, one or more video decoders and one
or more haptic decoders (not depicted). The decoded audio
data and video data may be sent to audio/video renderers 214
(e.g., speakers and display screens) for playback. The
decoded haptic data stream 216 may be sent to one or more
haptic output devices, such as devices H1, H2, H3, H4 and/or
HS, for displaying in synchronization with the audio and
video data.

[0050] In an embodiment, the haptic output device H1 . . .
HS5 may consist of at least one endpoint processor 218, a
vibration amplitude modulator 220, a vibration renderer 224
and at least one actuator 226. Other signal processing devices
222 may also be used to alter the signal(s) output by the
endpoint processor(s). The illustrated embodiment is not
intended to be limiting in any way.

[0051] As referred to herein, “haptic output device” may
include an actuator, for example, an electromagnetic actuator
such as an Eccentric Rotating Mass (“ERM”) in which an
eccentric mass is moved by amotor, a Linear Resonant Actua-
tor (“LRA”) in which a mass attached to a spring is driven
back and forth, or a “smart material” such as piezoelectric
materials, electro-active polymers or shape memory alloys, a
macro-composite fiber actuator, an electro-static actuator, an
electro-tactile actuator, and/or another type of actuator that
provides a physical feedback such as a haptic (e.g., vibrotac-
tile) feedback. The haptic output device may include non-
mechanical or non-vibratory devices such as those that use
electrostatic friction (“ESF”), ultrasonic surface friction
(“USF”), or those that induce acoustic radiation pressure with
an ultrasonic haptic transducer, or those that use a haptic
substrate and a flexible or deformable surface, or those that
provide projected haptic output such as a puft of air using an
air jet, and so on. Such implementations of haptic output
devices are known to one of ordinary skill in the art and
therefore are not discussed in further detail herein.

[0052] FIG. 3illustrates an embodiment ofa system 300 for
transferring encoded haptic data with multimedia data over a
communication network. As illustrated, the system 300
includes a processor 310, a remote storage 330, end user
devices 334, 336 and 338, and one or more communication
network(s) 332 connecting processor 310, remote storage
330 and end user devices 334, 336, 338. In an embodiment,
the processor 310 may include its own electronic storage 328
in addition to or in place of the remote storage 330. In an
embodiment, the remote storage 330 may also include a pro-
cessor 329 and non-transitory storage media 331. The pro-
cessor 329 may maintain a digital content database and pro-
file information of the end user devices 334, 336, 338, as
described in further detail below with respect to FIG. 4.
[0053] The processor 310 may be a general-purpose or
specific-purpose processor or microcontroller for managing
or controlling the operations and functions of the system 300.
In an embodiment, the processor 310 may be specifically
designed as an application-specific integrated circuit
(“ASIC”) embedded in, for example, the end user device 334
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and configured to provide haptic effects through a haptic
output device in the end user device 334 to enhance a user’s
enjoyment of a movie being played on the end user device
334. In an embodiment, the processor 310 may also be con-
figured to determine, based on predefined factors, what haptic
effects are to be generated based on the feedback received
over the communication network(s) 332 from another remote
end user device 336, and then provide streaming commands
that may be used to drive a haptic output device on the end
user device 336, for example. The network 332 may include
wired or wireless connections. In some aspects of the inven-
tion, the network may include any one or more of, for
instance, the Internet, an intranet, a PAN (Personal Area Net-
work), a LAN (Local Area Network), a WAN (Wide Area
Network), a SAN (Storage Area Network), a MAN (Metro-
politan Area Network), a wireless network, a cellular com-
munications network, a Public Switched Telephone Network,
and/or other network.

[0054] For example, the communication network 332 may
be a CDN (Content Distribution Network), which is typically
used to distribute content (such as websites, videos, music,
etc.) to enable much faster access to such assets or content
globally. A CDN utilizes Edge servers around the world to
essentially mirror frequently accessed content, and also auto-
matically manages the lifecycle of the content on the Edge
servers. The actual assets or content are typically stored and
updated on a more permanent origin server, and the CDN
automatically accesses the assets and content, as needed, and
mirror them to the appropriate Edge servers.

[0055] Inanembodiment, the processor 310 may include a
plurality of processors, each configured to perform certain
functions within the system 300. In an embodiment, the pro-
cessor 310 may be configured to execute one or more com-
puter program modules. The one of more computer program
modules may include at least one multimedia module 312,
one or more haptic encoding modules 314, a user interface
module 324, and a communication module 326. In an
embodiment, the haptic encoding modules 314 may include
an audio-to-haptic conversion module 316, a haptic compres-
sion module 318, a haptic density transcoding module 320
and a multimedia assembling module 322. For example, the
multimedia assembling module 322 may be configured to
assemble a multimedia data stream including audio, video
and haptic data according to an MP4 container format, as
illustrated in FIG. 3. In an embodiment, the local storage 328
and the remote storage 330 may be used to store various
profiles for different use cases of haptics and generated haptic
data streams, before compression and after compression, as
discussed in more detail below.

[0056] Although modules 312-326 are illustrated in FIG. 3
as being co-located within a single processing unit 310, in
embodiments in which the processor 310 includes multiple
processing units, one or more of modules 312-326 may be
located remotely from the other modules. The description of
the functionality provided by the different modules 312-326
described in more detail below is for illustrative purposes, and
is not intended to be limiting, as any of the modules 312-326
may provide more or less functionality than is described. For
example, one or more of the modules 312-326 may be elimi-
nated, and some or all of its functionality may be provided by
other ones of the modules 312-326. As another example, the
processor 310 may be configured to execute one or more
additional modules that may perform some or all of the func-
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tionality attributed below to one of the modules 312-326. The
function and operation of modules 312-326 are described in
more detail below.

Adaptive Audio to Haptic Conversion

[0057] Asdescribed above, there are various types of haptic
output devices that may be used to display or playback haptic
data. Audio-to-haptics algorithms that are tailored specifi-
cally to each type of haptic output device and different types
of haptic output devices and different audio-to-haptics algo-
rithms may result in haptic data streams with different char-
acteristics. Maintaining a list of audio-to-haptic conversion
algorithms for haptic data generation that includes a specific
audio-to-haptic conversion algorithm specifically tailored for
each type of haptic output device and to a specific end user
device may become difficult to maintain as the number of
audio-to-haptic conversion algorithms and haptic output
devices increases.

[0058] Inanembodiment, each type of haptic output device
that is included in an end user device that generally includes
audio-to-haptics conversion algorithms may be treated as an
endpoint, and each algorithm for that haptic output device
may be treated as a profile that aims to give a particular
experience. Embodiments of the invention allow the system
to automatically detect the type of haptic output device, and
any additional factors that may be used to change audio-to-
haptics conversion profiles. In an embodiment of the system,
the user may also select which profiles he/she wants active
during a given use case.

[0059] Embodiments of the invention may save compila-
tion time by only having a developer compile all available
algorithms for each endpoint (i.e. haptic output device), at
most, once. There are different situations in which a user may
want a different experience such that one algorithm on the
device at a time may not be enough. The audio-to-haptics
automatic conversion algorithm may not be the same for
music as it is for movies, and additionally, as it is for games,
etc. The endpoint(s) (i.e. haptic output device(s)) in an end
user device are typically fixed, but the embodiments
described herein allow an end user device to adapt its behav-
ior based on application focus, sensor-based data and envi-
ronmental factors.

[0060] FIG. 4 illustrates an embodiment of a database 400
of different profiles used for generating haptic data. In an
embodiment, the profiles may be stored in the electronic
storage 328. In an embodiment, the profiles may be organized
according to their use case, for example, movie use case 410,
music use case 420 and gaming use case 430. In the movie use
case 410, the haptic effects are intended for an end user to
experience while watching a movie or any other video, such
as atelevision show or an advertisement. In the music use case
420, the haptic effects are intended for an end user to experi-
ence while listening to the music. Similarly, in the gaming use
case 430, the haptic effects are intended for an end user to
experience while playing a game.

[0061] It may be advantageous to organize profiles based
use case, because in each different use case, a user may want
a different haptic experience. The haptic effect ideally would
not be the same for music as it is for movies, and additionally,
as it is for games, etc. Within each use case, the profiles may
be stored for each endpoint (i.e. haptic output device on an
end user device that generally has audio-to-haptics conver-
sion algorithms). For example, for a movie use case 410,
profile 412 is stored for an end user device 334 that has an
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audio-to-haptic conversion algorithm specifically for a piezo-
electric actuator, profile 414 is stored for an end user, device
336 having an ERM actuator and corresponding audio-to-
haptic conversion algorithm, and profile 416 is stored for an
end user device 338 having an LRA and corresponding audio-
to-haptic conversion algorithm. For a music use case 420,
profile 422 is stored for the end user device 334 that has a
piezoelectric actuator, profile 424 is stored for the end user
device 336 that includes an ERM actuator, and profile 426 is
stored for the end user device 338 that includes an LRA.
Similarly, profile 432 is stored for a gaming use case 430 in
which the haptic output device is a piezoelectric actuator,
profile 434 is stored for a gaming use case and an ERM
actuator, and profile 436 is stored for a gaming use case and an
LRA. Inanembodiment, a single end user device may contain
more than one endpoint.

[0062] Embodiments of the invention may save compila-
tion time by having all available profile algorithms compiled
for each endpoint, at most once, either offline or in real time.
In addition, embodiments of the invention allow the endpoint
to adapt its behavior based on application focus, sensor-based
data and environment factors even though the endpoint (hap-
tic output device) in a single device may not be changed.
[0063] In an embodiment, the system 300 may automati-
cally detect the type of haptic output device and additional
factors. For example, the audio-to-haptic module 316 may
communicate with the end user device 334 through the com-
munication module 326 over the communication network
332 to determine the type(s) of haptic output device(s) that
end user device 334 has, which may be used to change audio-
to-haptics conversion profiles. In an embodiment, a user of
the end user device 336 may communicate with the haptic
encoding module 314 over the communication network 332
through the user interface module 324 to select which profiles
he/she wants active during a given use case.

[0064] FIG. 5 illustrates a user-selectable embodiment of
the audio-to-haptic module 316 in which haptic data is gen-
erated based on endpoints and use cases. In this embodiment,
at 502, the audio-to-haptic module 316 pre-stores all avail-
able audio-to-haptics algorithms in the database 400 depicted
in FIG. 4. Each audio-to-haptics algorithm may be identified
in a way that is understandable to a user. This may be done
either via an audio-to-haptics settings application/activity, or
a separate application/activity.

[0065] When it is desired to add haptic effects to the digital
content to be played at an end user device, at 504 the audio-
to-haptic module 316 determines the use case based on the
requested information, or user input. In an embodiment, the
audio-to-haptic module 316 may also check during the use-
case determination step 504 which application is running in
the foreground or the background, so the device may re-
configure the audio-to-haptic module 316 to execute a user
selected audio-to-haptics algorithm.

[0066] At 506, the audio-to-haptic module 316 determines
the endpoint configuration of the requesting end user device.
In an embodiment, the audio-to-haptic module 316 may sim-
ply make the determination by obtaining user input through
the user interface module 324. In an embodiment, the audio-
to-haptic module 316 may look up in a registered end user
device database stored in the electronic storage 328 to obtain
the endpoint configuration. In an embodiment, the audio-to-
haptic module 316 may communicate with the requesting end
user device via the communication module 326 to obtain the
endpoint configuration. In an embodiment, an end user device
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may have multiple endpoints for the purpose of displaying
different types of haptic effects. For example, the end user
device 338 may have an LRA, a piezoelectric actuator, and an
ERM actuator.

[0067] After having obtained information on both use case
and endpoint configuration, at 508, the audio-to-haptic mod-
ule 316 may identify the user-selected profile(s). In an
embodiment, this may achieved by using a look-up table in
the database 400, as depicted in FIG. 4.

[0068] Based on the configuration of the endpoint and the
user-selected profile(s), at 512, the audio-to-haptic module
316 may configure itself to apply the appropriate algorithm(s)
to audio data 510 and generate raw haptic data 514. For
example, if the user has a device that has an LRA and selects
a ‘bassy’ profile for music playback, when music is playing,
the audio-to-haptic module 316 understands that it is a music
use case, and selects the ‘bassy’ processing algorithm (e.g.,
low frequencies only) out of the profile 416 that is created
specifically for an LRA. If the device has a piezoelectric
actuator or an ERM actuator instead of an LRA, the corre-
sponding algorithm will be selected from the profiles 410,
414 for either of those endpoints.

[0069] Inanembodiment, the processor 310 may include a
haptic-to-haptic module (not shown) that is configured to
apply an appropriate algorithm to convert the raw haptic data
514 intended for one endpoint to raw haptic data for another
endpoint. For example, the haptic-to-haptic module may con-
vert the raw haptic data 514 that was generated for an LRA to
haptic data for a piezoelectric actuator or vice-versa. Such a
haptic-to-haptic signal conversion may be completed when
the haptic data is being encoded or when the haptic data is
decoded at the end user device.

[0070] FIG. 6 illustrates an auto detection embodiment 600
of the audio-to-haptic module 316 in which haptic data is
generated based on endpoints and use cases without the user
specifying an audio-to-haptics algorithm. At 610, the audio-
to-haptic module 316 may register information of a digital
content playing application when the application is installed
on an end user device (or system 300). Examples of such
applications include an audio player, a video player, or a game
player. At 612, the audio-to-haptic module 316 may register
environmental factors, such as factors that may be measured
by a sensor(s) on the end user device or system. For example,
the lighting surrounding the end user device (e.g. bright or
dark), the temperature external to the device, etc. may be
sensed and used as input to determine which profile to use at
a given time. For example, if it is determined that the device
is being used in a low lighting environment, more pronounced
or less pronounced haptic effects may be desirable by the user.
[0071] When it is desired to add haptic effects to the digital
content to be played at an end user device, at 614 the audio-
to-haptic module 316 may determine the use case based on
the request information, or user input. At 616, the audio-to-
haptic module 316 determines the endpoint configuration of
the end user device on which the haptic effects are to be
displayed alongside the multimedia data.

[0072] In an embodiment, the audio-to-haptic module 316
may make the determination by obtaining user input through
the user interface module 324. In an embodiment, the audio-
to-haptic module 316 may communicate with the requesting
end user device (e.g., end user device 338) via the communi-
cation module 326 to obtain the endpoint configuration. In an
embodiment, an end user device may have multiple endpoints
for the purpose of displaying different haptic effects. For
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example, the end user device 338 may have an LRA, a piezo-
electric actuator, and/or an ERM actuator.

[0073] After having obtained information on both use case
and endpoint configuration, at 618 the audio-to-haptic mod-
ule 316 may identify an appropriate profile or conversion
algorithm to use that takes into consideration all the informa-
tion collected and determined during steps 610-616, without
a user selection. In an embodiment, this may be achieved by
using a look-up table in the database 400 depicted in FIG. 4.
At 620, the audio-to-haptic module 316 may then configure
itself to apply the determined conversion algorithm to audio
data 622 and generate raw haptic data 624.

[0074] Theauto-detection embodiment 600 as illustrated in
FIG. 6 differs from the user-selectable embodiment 500 illus-
trated in FIG. 5 in that a user does not have to interact directly
with the system 300 or the end user device 334, 336, 338 to
configure the audio-to-haptic module 316. In the auto-detec-
tion embodiment 600, the audio-to-haptic module 316 may
use external factors including sensor information, the use
case, as well as the endpoint (haptic output device) configu-
ration in an end user device to adaptively select an audio-to-
haptic conversion algorithm that is best suited for a given
specific application for the digital content to be played.
[0075] Inanembodiment, the encoder may encode the hap-
tic data for each endpoint and multiplex the haptic streams,
and all of the haptic streams may be communicated to the end
user device. The end user device may identify and extract the
appropriate haptic signal that matches the endpoint (haptic
output device) in that particular end user device.

Variable Encoding of Haptic Streams

[0076] The generated haptic data as discussed above may
be referred to as a raw haptic data stream. As discussed above,
storing and/or transferring a raw haptic data stream may not
be the most efficient way to communicate haptic data for
various reasons. For example, there may be periods of silence
(no haptic data) in the stream.

[0077] FIG. 7 illustrates an embodiment of a method 700
for encoding a raw haptic data stream for transmission over a
network. In an embodiment, at 702 the haptic encoding mod-
ule 314 receives raw haptic data that may be generated by the
audio-to-haptic module 316 (e.g., step 514 of FIG. 5 and step
624 in FIG. 6) and/or the haptic-to-haptic module. At 704, the
content of the haptic data is analyzed to determine the char-
acteristics of the raw haptic data stream, which may include
the types of haptic output device the haptic data are intended
to be played by, the intended use case of the raw haptic data,
the frequency of the raw haptic data, the length of the silence
in the raw haptic data stream, the amplitude of the raw haptic
data, etc. At 706, the haptic encoding module 314 may then
encode the raw haptic data based on the determined charac-
teristics of the raw haptic data to meet pre-defined criteria.
[0078] Inanembodiment, at 708 the haptic encoding mod-
ule 314 may first select an encoder from a list of encoders for
that particular stream and then at 710 apply the selected
encoder to the raw haptic data stream. For example, there are
many audio encoders that may be used to encode a haptic
stream for compression purposes. However, audio encoders
have their advantages and disadvantages. For example, the
AAC mentioned above may be better in terms of space and
quality for general encoding, and the Free Lossless Audio
Codec (FLAC) may be better when the stream has a lot of
silence. Any other suitable encoder, i.e. digital signal coder/
compressor other than AAC or FLAC may be used. An appro-
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priate encoder should be selected to match the determined
characteristics of the raw haptic data stream to ensure the
efficacy and efficiency of the encoded data stream.

[0079] In an embodiment, pre-determined criteria may be
used to preserve the range of frequency of the raw haptic data
that matches the haptic output device to be used for playback
at the end user device, which may require the haptic encoding
module 314 to access the database 400 that includes the
pre-stored use cases and endpoint profiles discussed above
with respect to FIG. 4.

[0080] Inanembodiment, at 712 the haptic encoding mod-
ule 314 may encode the raw haptic data stream with each
encoder in a list of pre-determined encoders, and then at 714
select the encoded haptic data stream that has the least num-
ber of bits as the encoding output. In an embodiment, at 716
the haptic encoding module 314 may then store the informa-
tion about the encoder used and any other information needed
for decoding the encoded haptic data stream. In an embodi-
ment, the encoder information for the encoded haptic data
stream may be embedded in the container format’s metadata.
On the end user device side, this information may be parsed
out and the correct decoder may be used to decode the stream.
For example, the encoder information may be embedded in
user private or a custom atom in the MPEG4 format.

[0081] Inanembodiment, the haptic encoding module 314
may also take into consideration the bandwidth availability in
encoding the raw haptic data when the raw haptic data is to be
streamed over a communication network, as discussed in
more detail below.

Adaptive Density Transcoding

[0082] Inan embodiment, a method of preserving the hap-
tic signal quality is provided by leveraging the characteristics
of haptic waveforms in the haptic data stream while also
sending fewer bits. Because a goal of using a multiple-encod-
ing scheme is to transmit a smaller amount of data for con-
gested networks, embodiments of the invention provide adap-
tive density streaming for a haptic data stream. The density
factor may determine how dense or sparse a signal is by
applying haptics to certain amounts of data based on a thresh-
old. If this is done at the transcoding stage to encode haptic
data streams using different density factors, haptics may be
sent with less data when network bandwidth is not freely
available, and with more data when there is ample available
network bandwidth.

[0083] Inanembodiment, the relevant and high quality part
of haptic data is kept while unnecessary data are cut so that
less of the available network bandwidth is occupied at a given
time. When transmitting digital content, adding a separate
type of media to be streamed along with audio/video/meta-
data may naturally affect the audio/video/metadata quality.
Embodiments of the invention may help minimize how much
the quality of the audio/video signal is affected, while pro-
viding a pleasant haptic experience with less overhead.

[0084] FIGS. 8A-8C illustrate embodiments of different
density factors that may be used for encoding a raw haptic
signal (data stream) for streaming over a network. FIG. 8A
illustrates a medium density factor, FIG. 8B illustrates a high
density factor, and FIG. 8C illustrates a low density factor.
The lighter shaded areas in FIGS. 8A-8C (“‘data used” areas)
indicate what parts of the signal are used and encoded, and the
darker shaded areas in FIGS. 8A and 8C (“data ignored”
areas) indicate what parts of the signal are ignored.
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[0085] For example, FIG. 8A illustrates a raw haptic data
signal to be encoded using a medium density factor. If the
signal represents the raw haptic data that is input into the
transcoder, the transcoder may output haptic data correspond-
ing to a signal within just the “data used” area, which would
be less data than what exists in the signal with a high density
factor.

[0086] FIG. 8B illustrates a raw haptic data to be encoded
using a high density factor. For streams when network band-
width is available, using such a high density factor in the
transcoding may be useful as more data may stream across the
network. FIG. 8C illustrates a raw haptic data to be encoded
using a low density factor. For streams when there is a large
amount of network congestion, this type of transcoding may
be suitable, as the output stream would deliver fewer bits of
data and only send data for relatively high magnitude events.
[0087] As shown in FIGS. 8A-8C, the amount of data to
appear in the output signal may be adjusted by changing the
density factor, which allows the haptic encoding module 314
to forego certain information, which may be of less impor-
tance (e.g., signals that are so low in magnitude that the
signals are not worth playing, or miniscule details in the
haptic signal that may be ignored to preserve bandwidth), in
the signal when needed and include more data when more
bandwidth over the network becomes available. In an
embodiment, it is assumed that data with value zero in the
signal (i.e. at the centerlines in FIGS. 8 A-8C) indicates that
nothing from the haptic signal needs to be transmitted.
[0088] FIG. 9 illustrates an embodiment of an adaptive
haptic density transcoding method 900. As used herein,
transcoding is interchangeable with encoding of the raw hap-
tic data but emphasizes that the encoding is for a conversion
from a source (e.g., a streaming server) to a different desti-
nation (e.g., a remote end user device). As illustrated, the
input is raw haptic data 902, such as data generated by the
audio-to-haptic module 316, as described above. A haptic
transcoder 904 encodes the raw haptic data 902 at multiple bit
rates, each corresponding to a specific density factor as
described above with respect to FIGS. 8 A-8C. A haptic web
server 906 stores the haptic bit streams encoded with different
density factors, and maintains a manifest file 908 for the
encoded haptic data streams. An end user device 912 (such as
end user devices 334, 336, 338 in FIG. 3) communicates with
the haptic web server 906 through a network 910 (or 332 as in
FIG. 3) to receive one of the encoded haptic data streams for
a given raw haptic signal 902.

[0089] In an embodiment, the density of the haptic data
stream may be adjusted by modifying a density factor
between 1 and 15 (15 being highest density, 1 being lowest
density). This value acts as a threshold (as discussed above)
for how much data will be included in the encoded haptic data
stream. As a result, the lower the density value, the less
low-magnitude (less-important) raw haptic data will be
included in the encoded haptic data stream. As the transcoder
904 increases the density threshold, more low-magnitude and
detailed data are incrementally added to the encoded haptic
data stream. Therefore, higher densities map to better net-
work connectivity and lower densities map to lesser network
connectivity.

[0090] As illustrated in FIG. 9, the haptic web server 906
stores the haptic bit streams 1-5 encoded with five different
density factors, and maintains a manifest file 908 for the
encoded haptic data streams corresponding to a specific raw
haptic data input. For example, stream 1 in web server 906 is
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encoded with a density factor of 1, stream 2 with a density
factor of 2, and so on. The end user device 912 is made aware
of the available haptic data streams at different bit rates and
segments of encoded haptic data streams. When starting, the
end user device 912 may request the segments from the lowest
bit rate haptic data stream 1. If the end user device 912 finds
the download speed of the network is greater than the bit rate
of'the segment downloaded, then the end user device 912 may
request the next higher bit rate segments, e.g., segments of
stream 2 or what would be considered to be a medium density
stream, as illustrated in FIG. 10. Later, if the end user device
912 determines that the download speed for a segment is
lower than the bit rate for the segment, the end user device 912
determines that the network throughput has deteriorated, and
may request a lower bit rate segment, as illustrated in FIG. 10.
If the available bandwidth significantly increases, the end
user device 912 may request a higher bit rate segment or what
would be considered to be a high density stream, as illustrated
in FIG. 10, and so on. The segment size may vary depending
on the implementations. In an embodiment, the segment size
may be as low as 2 seconds. In an embodiment, the segment
size may be as high as 10 seconds.

[0091] In an embodiment, the haptic density transcoding
module 320 may be integrated with the same algorithms that
transcode audio/video for network transmission (e.g., multi-
media module 312 in FIG. 3). The number of haptic streams
created would be equal to the number of audio/video streams
created, and the density factor for each haptic stream would
not necessarily have to be different for each transcoding. For
example, in an embodiment, if there are 10 different audio/
video streams created, raw haptic data may be transcoded 5
times with 5 different density factors.

[0092] It should be noted that the adaptive bitrate transcod-
ing of the haptic data discussed above may not be the same as
adaptive bitrate streaming used to pre-render audio/video at
different qualities to support varied network connectivity
when streaming media data. The latter typically focuses on
sending fewer bits through applying compression algorithm
(s) to all of the input audio data or video data. With a haptic
data stream, the adaptive bitrate transcoding according to
embodiments of the invention sends less of the signal, but still
provides relative haptic effects by forgoing specific sections
of'the haptic signal that are not important (i.e. low magnitude)
and focusing on higher priority sections of the haptic signal.
This may preserve the actual haptic quality by leveraging the
characteristics of the haptic waveforms while also sending
fewer bits, thus reducing the bandwidth needed. Another
potential benefit of embodiments of the invention is that the
same format of the original haptic signal may be kept for the
encoded haptic data with a different density. In conventional
transcoding, the format of the source may not be preserved, as
it may be re-encoded into a different format to compress the
data for network transmission.

MP4 with Embedded Haptics

[0093] Embodiments of the invention also provide a
method for embedding haptic bit streams in a MP4 compat-
ible file container so that haptic data may be streamed with
other digital content without impact on the delivery of the
other digital content. The same method may be applied to
other similar file containers as well.

[0094] Although MP4 is described below as the container
format for streaming digital content over a network, because
MP4 is currently considered to provide the most flexibility in
terms of supported formats, as well as the ability to modify it
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for embedding varying types of data interleaved with the
standard audio and video streams to create novel experiences,
it should be understood that embodiments of the invention
may also be applied to other container formats. Although
varying types of data include additional audio streams, closed
captioning streams, etc., embodiments of the invention will
be described with respect to interleaving a haptic stream with
the audio and/or video streams that can exist within an MP4
container. On the end user device side, the embedded haptic
signal may be extracted and played back over a haptic output
device, simultaneously with standard audio and video play-
back. It should be appreciated that the proposed scheme
applies to other digital content other than audio and video.
[0095] There are many similarities between audio signals
and haptic signals. The haptic signal is encoded similar to that
of an audio signal when using the variable haptic encoder in
the discussion with respect to FIG. 7 above. In its current
form, this allows the haptic signal to be supported by MP4,
but also requires there to be enough distinction between the
haptic and audio box structures to ensure that the haptic signal
is not interpreted as an audio signal by standard MP4 players.
Conversely, existing audio signals should not be mistaken for
haptic signals.

[0096] The haptic signal may be encoded as AAC for con-
venience. This encoding is allowed to change due to various
methods of providing an encoded haptic signal (data stream)
as discussed above, but the box structure would be able to
remain similar. The haptic signal needs a separate ‘trak’ box
within the standard ‘moov’ box, alongside the other ‘trak’
boxes that exist for audio and video. Table I below lists the
haptic box structure. MPEG4 Part-12 Standard (ISO/IEC
14496-12 Media File Format) (hereinafter referred to as the
“Formats Standard”) provides general information on the
MP4 box hierarchy in Table 1.

TABLE I
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tent. Storing the haptic signal in this type of track allows the
stream to be considered media, but not of an audio or video
format. In this case, specifying a timed metadata stream for
haptic data is needed to ensure that during playback, the
haptic data will not be rendered as audio, despite its original
encoding being an audio format.

[0099] FIGS. 11-13 illustrate handler reference boxes for
sound 1100, video 1200, and haptics 1300 and show how the
sound, video, and haptic handler types differ when embedded
together within an MP4 file. The handler_type for each “trak’
1102, 1202, 1302 is specified in the ‘hdlr’ box 1104, 1204,
1304 as shown in FIGS. 11-13. The handler types for sound,
video and timed metadata tracks, respectively, are ‘sown’
(1106 in FIG. 11), ‘vide’ (1206 in FIG. 12), and ‘meta’ (1306
in FIG. 13), as specified in Section 8.4.3 of the Formats
Standard.

[0100] Additionally, since the haptic stream is labeled as a
timed metadata track, a null media header box (see ‘nmhd”)
(1408 in FIG. 14) is under the ‘minf” container box (1406 in
FIG. 14), as specified under Section 8.4.5.5 in the Formats
Standard. This indicates that the stream is not audio
(‘smhd’—sound media header) (1402 in FIG. 14) or video
(‘vmhd’—video media header) (1404 in FIG. 14), but may
still be interpreted as a media stream. FIG. 14 illustrates this
in more detail by showing the full box structures for sound,
video, and haptics, respectively.

[0101] Further within the box structure, under °‘stbl’
(Sample Table Box) is the ‘stsd’ box, which is the Sample
Description Box, as seen in Table I above. In this box, the
format of the “trak’ is specified. For example, the first child
box in ‘stsd’ is typically ‘mp4a’ for AAC audio tracks. For
haptics, a new generic box with a four-character code
(“FOURCC?”) value ‘hapt’ is created. This indicates that this

Box Hierarchy for Haptics

Box Hierarchy Description

moov
trak

mdia

mdhd

hdlr

minf

Container for all metadata
Container for an individual
track or stream

Container for the media
information in a track
Media header, overall
information about the media
Declares the media (handler)
type

Media information container
Null media header

Sample Table Box

Sample Descriptions (codec
types, initialization, etc.)
Haptic box, indicating this
track as a haptic stream

Esds Elementary Stream Description

[0097] The haptic data should not be rendered as audio or
video. Because most players will try to render any combina-
tion or number of video streams or any combination of audio
streams specified by their respective ‘trak’ boxes, the haptic
data should be denoted as a timed metadata track (‘meta’).
This may be done by setting the handler_type field to ‘meta’
in the ‘hdlr’ box.

[0098] Timed metadata tracks, specified in Section 8.4.3 in
the Formats Standard, are for storing time-based media con-

timed metadata track contains information describing the
haptic signal. According to Section 8.5.2.2 in the Formats
Standard, the ‘meta’ handler type requires a meta data sample
entry (“MetaDataSampleEntry”) class to be implemented,
but is defined as an empty class that may be extended by new
subclasses. In an embodiment, this empty class is not
extended with any additional information. Any haptic-spe-
cific information is stored in the ‘esds’ box, as seen in Table I
and described below.
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[0102] All timing information such as track duration and
timescale should be present in ‘mdhd’ box to describe the
overall duration and timescale of the haptic track. According
to the MPEG4 Part-1 Standard (ISO/IEC 14496-1 Systems)
(hereinafter referred to as the “Systems Standard”), timescale
is a 32-bit unsigned integer that contains the number of time
units which pass in one second. For example, if the haptic
track has an update rate of 50 samples per second, this times-
caleis setto 50. The duration field is a 64-bit unsigned integer
which declares the length of this haptic track in the scale of
timescale. For example, if the timescale is set to 50, every
sample has the length of 20 ms. If the haptic track is 5 seconds
long, the duration field should have a value of 250 (5*%1000/
20).

[0103] As listed in Table I above, the only child box under
the “hapt’ container box is the ‘esds’ box (Elementary Stream
Description), also referred to as the ES_Descriptor. When
applied to audio, this box contains information used to decode
the stream associated with the ‘trak’ that it resides in. It may
be used similarly with haptics. Syntax details on the ‘esds’
box are provided in Section 8.3.3.1 of the Systems Standard.

[0104] FIG. 15 illustrates an embodiment of a valid setting
of an object profile indication (“objectProfilelndication™)
value for haptic data in an MP4 file. According to Section
8.3.3 of the Systems Standard, the ES_Descriptor box con-
tains a decoder configuration descriptor (“DecoderConfigDe-
scriptor”) structure, which contains the parameters and
requirements to parse and read the elementary stream. Within
the DecoderConfigDescriptor, there are fields for the object-
ProfileIndication value and the decoder specific information
(“DecoderSpecificInfo”) structure.

[0105] The objectProfilelndication value provides the
object profile type for the stream. This field is set to a value
between 0xCO0 and OxFE, a range of user-private object profile
types, which, when used within a ‘hapt’ box structure, will be
known as a haptic type (see Table 8-5 of the Systems Stan-
dard).

[0106] The DecoderSpecificInfo structure is an abstract
class that is extended by other classes, based on the object-
ProfileIndication value (see Table 8-5 of the Systems Stan-
dard). For one haptics implementation, this structure may be
extended by the haptic specific configuration (“HapticSpeci-
ficConfig”) class, which contains haptic-specific information
such as the signal type and the actuator that the encoded signal
was created for.

[0107] To clarify, only ‘trak’ box structures that contain a
‘hapt’” box, using a value between 0xCO and OxFE as the
object profile type will be considered valid haptic streams, as
seenin FIG. 15. If the object profile type is of any other value,
it will be considered invalid, as seen in FIG. 16, where the
objectProfilelndication value is set to the AAC Main profile.

[0108] MPEG-4 systems generally expect configuration
information in the elementary descriptor, which is needed for
the decoding process. The DecoderConfigDescriptor must
contain a subclass of the DecoderSpecificInfo abstract class
as described in Section 8.3.3 of the Systems Standard. For
audio streams, the DecoderSpecificInfo is extended by an
audio-specific configuration (“AudioSpecificConfig”) class,
as described in Section 1.6.2.1 of the MPEG4 Part-3 Standard
(ISO/IEC 14496-3 Audio) (hereinafter referred to as the
“Audio Standard”). For haptic streams, the DecoderSpeci-
ficInfo is extended by a HapticSpecificConfig class as
described herein.
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[0109] HapticSpecificConfig extends the abstract class
DecoderSpecificnfo, as defined in the System Standard,
when the value of objectTypelndication and streamType
value are 0xCO and 0x20 which indicate that this stream
contains haptic information. Tables II-VIII below provide
additional information that may be used for the syntax of
HapticSpecificConfig, haptic stream type, sampling fre-
quency, actuator configuration, channel configuration, end-
point configuration, and haptic decoder type.

TABLE I

Syntax of HapticSpecificConfig

No. of
Syntax bits Mnemonic
HapticSpecificConfig( )
{
hapticStreamType; 2 bslbf
if ( hapticStreamType == 0x3) {
audioObjectType; 5 bslbf
channelConfiguration; 4 bslbf
¥
else {
hapticDecoderType; 4 bslbf
actuatorConfiguration; 4 bslbf
}
samplingFrequencyIndex; 4 bslbf
if ( samplingFrequencylndex == OxF ) {
samplingFrequency; 24 uimsbf
}
EndpointConfiguration; 8 bslbf
}
TABLE III
Haptic Stream Type
Haptic Stream Type Description
0x0 Reserved
0x1 Reserved
0x2 Haptic Encoded Stream
0x3 Audio Encoded Stream
TABLE 1V
Sampling Frequency Index
Sampling Frequency Index Value
0x0 8000
0x1-0xE Reserved
OxF Escape value
TABLE V
Actuator Configuration
Actuator Configuration Description
0x0 Reserved
0x1 Single Actuator
0x2-0xF Reserved
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TABLE VI

Channel Configuration

Value Number of channels
0 _
1 Mono
TABLE VII
Endpoint Configuration
Endpoint Configuration Description
0x0 Amplitude Modulation
0x1-0xFF Reserved
TABLE VIII

Haptic Decoder Type

Haptic Decoder Type Description
0x0 Raw Stream
0x1-0xF Reserved

[0110] The description above specifies the encoded haptic
stream rather than the actual stream, itself. Typically, there is
a stream associated with each ‘trak’ object that is of sound,
video, or timed metadata types. These streams are interleaved
in the ‘mdat’ box, which resides at the same level as the
‘moov’ box in the MP4 box structure. The ‘mdat’ box con-
tains the actual data that the player parses, decodes, and
renders on the end-platform. It is the responsibility of the
formatting software to determine the segment sizes for each
stream and to interleave all of the encoded segments of video,
audio, and metadata (haptic) samples. In this case, the haptic
signal may be extracted out of the interleaved data box by
referencing the offsets to segments in the sample table, simi-
lar to how extraction is done for audio and video signals.
[0111] Various inputs, outputs, configurations, and/or other
information described herein as being stored or storable may
be stored in one or more databases. Such databases may be,
include, or interface to, for example, an ORACLE™ rela-
tional database sold commercially by Oracle Corporation.
Other databases, such as INFORMIX™, DB2 (Database 2) or
other data storage, including file-based, or query formats,
platforms, or resources such as OLAP (On Line Analytical
Processing), SQL (Standard Query Language), a SAN (stor-
age area network), MICROSOFT ACCESS™ or others may
also be used, incorporated, or accessed. The database may
comprise one or more such databases that reside in one or
more physical devices and in one or more physical locations.
The database may store a plurality of types of data and/or files
and associated data or file descriptions, administrative infor-
mation, or any other data.

[0112] According to an aspect of the invention, there is
provided a computer-implemented method for enriching user
digital content experience with haptic data. The method is
implemented on a computing device having a processor pro-
grammed with a computer program module. The method
includes receiving digital content data including audio data
and/or video data; generating haptic data using at least some
of the received digital content data; encoding the generated
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haptic data for efficient transmission over a communication
network; multiplexing the encoded haptic data with the
received digital content data; embedding information for
decoding the encoded haptic data in metadata of the multi-
plexed data stream; and sending the multiplexed data stream
over the communication network.

[0113] According to an aspect of the invention, there is
provided a computer-implemented method for transferring
haptic data together with other digital content data over a
network for an end user to experience the haptic effects gen-
erated on an end user device. The end user device is coupled
to the network. The method is implemented on a computing
device having a processor programmed with a computer pro-
gram module. The method includes analyzing haptic data to
determine at least one characteristic of the haptic data, and
encoding, based on the determined characteristic, the haptic
data to meet a pre-defined criteria.

[0114] According to an aspect of the invention, there is
provided a computer-implemented method for enriching user
digital content experience with haptic data. The method is
implemented on a computing device having a processor pro-
grammed with a computer program module. The method
includes receiving raw haptic data, encoding the received raw
haptic data for a predetermined list of density factors to gen-
erate a list of encoded haptic data streams, each encoded
haptic data stream corresponding to a density factor of the
predetermined list of density factors, receiving network band-
width information from an end user device over a communi-
cation network, selecting one of the encoded haptic data
streams based on a corresponding density factor matching a
condition of the communication network bandwidth, and
transmitting the selected encoded haptic data stream to the
end user device.

[0115] Other aspects, uses and advantages of the invention
will be apparent to those skilled in the art from consideration
of the specification and practice of the invention disclosed
herein. The specification should be considered exemplary
only, and the scope of the invention is accordingly intended to
be limited only by the following claims.

What is claimed is:

1. A method comprising:

receiving digital content data including audio data and/or
video data;

generating haptic data using at least some of the received
digital content data;

encoding the haptic data for efficient transmission over a
communication network;

multiplexing the encoded haptic data with the received
digital content data;

embedding information for decoding the encoded haptic
data in metadata of the multiplexed data stream; and

sending the multiplexed data stream over the communica-
tion network.

2. The method of claim 1, further comprising:

analyzing the haptic data to determine at least one charac-
teristic of the haptic data,
wherein said encoding the haptic data comprises encoding,
based on the determined characteristic, the haptic data to
meet a pre-defined criteria.
3. The method of claim 2, wherein the pre-defined criteria
includes an output encoded haptic bit stream having the least
number of bits.
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4. The method of claim 2, further comprising:

receiving an endpoint configuration of an end user device

from the end user device,

wherein the pre-defined criteria includes preserving a

range of frequency of the haptic data that correspond to
the received endpoint configuration of the end user
device.

5. The method of claim 2, wherein said encoding the haptic
data comprises selecting an encoder from a list of pre-deter-
mined encoders based on the determined characteristic and
applying the selected encoder to transform the haptic data.

6. The method of claim 5, wherein the list of pre-deter-
mined encoders includes an Advanced Audio Coding encoder
and/or a Free Lossless Audio encoder.

7. The method of claim 2, wherein the characteristics of the
haptic data comprise one or more types of haptic output
devices used to generate haptic effects based on the haptic
data, intended use case of the haptic data, magnitude of the
haptic data, frequency of the haptic data, and length of the
silence in the haptic data.

8. The method of claim 7, wherein the types of haptic
output devices include one or more of the group consisting of
an eccentric rotating mass actuator, a linear resonant actuator,
and a piezoelectric actuator.

9. The method of claim 7, wherein the intended use case of
the haptic data is selected from the group consisting of music,
movies and games.

10. The method of claim 2, wherein encoding the haptic
data comprises:

applying each one of a list of pre-determined encoders to

the haptic data to generate a corresponding list of
encoded haptic data streams; and

selecting, using the pre-defined criteria, an encoded haptic

data stream from the list of encoded haptic data streams.

11. The method of claim 1, wherein said encoding the
haptic data comprises encoding the haptic data for a prede-
termined list of density factors to generate a plurality of
encoded haptic data streams, each encoded haptic data stream
corresponding to a density factor of the predetermined list of
density factors, and wherein the method further comprises:

receiving network bandwidth information from an end user

device over a communication network; and

selecting one of the encoded haptic data streams based on

a corresponding density factor matching a condition of
the communication network bandwidth for multiplexing
with the received digital content data.

12. The method of claim 11, wherein a first encoded data
stream of the plurality of encoded data streams corresponds to
a first density factor of the predetermined list of density
factors, and a second encoded data stream of the plurality of
encoded data streams corresponds to a second density factor
of the predetermined list of density factors, and wherein the
second encoded data stream comprises more haptic data than
the first data stream and the second density factor is greater
than the first density factor.

13. The method of claim 11, further comprising:

detecting a change in the network bandwidth information;

selecting a different one of the encoded haptic data streams
based on the corresponding density factor matching the
condition of the communication network bandwidth;
and

transmitting the selected different one of the encoded data

streams to the end user device.
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14. A system comprising:
a processor configured to
receive digital content data including audio data and/or
video data,
generate haptic data using at least some of the received
digital content data,
encode the haptic data for efficient transmission over a
communication network,
multiplex the encoded haptic data with the received digi-
tal content data,
embed information for decoding the encoded haptic data
in metadata of the multiplexed data stream; and
send the multiplexed data stream over the communica-
tion network; and

a user device configured to receive the multiplexed

encoded haptic data and digital contact data over the
communication network, the user device comprising a
haptic output device configured to output a haptic effect
based on the haptic data.

15. The system of claim 14, wherein the processor is fur-
ther configured to analyze the haptic data to determine at least
one characteristic of the haptic data, and encode the haptic
data based on the determined characteristic to meet a pre-
defined criteria.

16. The system of claim 15, wherein the pre-defined crite-
ria includes an output encoded haptic bit stream having the
least number of bits.

17. The system of claim 15, wherein the processor is fur-
ther configured to receive an endpoint configuration of the
user device from the user device, wherein the pre-defined
criteria includes preserving a range of frequency of the haptic
data that correspond to the received endpoint configuration of
the end user device.

18. The system of claim 15, wherein the processor is fur-
ther configured to select an encoder from a list of pre-deter-
mined encoders based on the determined characteristic and
apply the selected encoder to transform the haptic data.

19. The system of claim 18, wherein the list of pre-deter-
mined encoders includes an Advanced Audio Coding encoder
and/or a Free Lossless Audio encoder.

20. The system of claim 15, wherein the characteristics of
the haptic data comprise one or more types of haptic output
devices used to generate haptic effects based on the haptic
data, intended use case of the haptic data, magnitude of the
haptic data, frequency of the haptic data, and length of the
silence in the haptic data.

21. The system of claim 20, wherein the types of haptic
output devices include one or more of the group consisting of
an eccentric rotating mass actuator, a linear resonant actuator,
and a piezoelectric actuator.

22. The system of claim 20, wherein the intended use case
of the haptic data is selected from the group consisting of
music, movies and games.

23. The system of claim 15, wherein the processor is fur-
ther configured to:

apply each one of a list of pre-determined encoders to the

haptic data to generate a corresponding list of encoded
haptic data streams; and

select, using the pre-defined criteria, an encoded haptic

data stream from the list of encoded haptic data streams.

24. The system of claim 14, wherein the processor is fur-
ther configured to

encode the haptic data for a predetermined list of density

factors to generate a plurality of encoded haptic data
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streams, each encoded haptic data stream corresponding
to a density factor of the predetermined list of density
factors;

receive network bandwidth information from an end user

device over a communication network; and

select one of the encoded haptic data streams based on a

corresponding density factor matching a condition of the
communication network bandwidth to multiplex with
the received digital content data.

25. The system of claim 24, wherein a first encoded data
stream of the plurality of encoded data streams corresponds to
a first density factor of the predetermined list of density
factors, and a second encoded data stream of the plurality of
encoded data streams corresponds to a second density factor
of the predetermined list of density factors, and wherein the
second encoded data stream comprises more haptic data than
the first data stream and the second density factor is greater
than the first density factor.

26. The system of claim 24, wherein the processor is fur-
ther configured to:

detect a change in the network bandwidth information;

select a different one of the encoded haptic data streams

based on the corresponding density factor matching the
condition of the communication network bandwidth;
and

transmit the selected different one of the encoded data

streams to the end user device.
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