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CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a continuation of and claims benefit from U.S. Patent
Application No. 14/340,152, filed July 24, 2014, entitled “SYSTEM AND METHOD
FOR USE IN PLAYING BACK PANORAMA VIDEOQ CONTENT”, by Rathish
10 Krishnan, which claims the benefit of ULS. Provisional Apphcation No. 62/024,354,
filed huly 14, 2014, entitled SYSTEM AND METHOD FOR USE IN PLAYING
BACK PANORAMA VIDEO CONTENT, by Rathish Krishnan, the entire content
and disclosures of which are both hereby fully incorporated by reference herein in

thelr entiveties.

15
BACKGROUND
1. Field of the lnvention
The present invention relates generally to multimedia content, and more
specifically to configuring multimedia content.
20
2. Discussion of the Related Art

Large amounts of visual multimedia content are available to users. Some of
this content is intended to be viewed through a virtual enwvironment. Similarly, some
content comprises images and/or frames that if it were fully displaved extend beyond

25 a user’s corrent field of view. The user often must change a position and/or
orientation of her ficld of view in order to view other arcas of a frame that extends

heyond the users field of view.

SUMMARY OF THE INVENTION
30 Some embodiments provide methods of playing back nultimedia content,
comprising: accessing video content comprising a series of frames of visual content

configured to be sequentially played back, wherein cach frame of the series of frames

encoded frame comprises multiple encoded sections; determining, prior to a portion of
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a first frame being displayed, a field of view of the viewer viewing the video content;
identifying, as a function of the ficld of view, one or more sections of the first frame
that are at least partially within the ficld of view and where at least a portion of the
one or more sections are 1o be visible to the viewer upon displaying the portion of the
first frame; decoding the one or more sections of the first frame that are at least
partially within the field of view while not decoding one or more of the sections of the
first frame that are not within the ficld of view; and displaying, according to playback
timing of the video content and corresponding to when the first frame is to be
displayed, the one or more decoded sections of the first frame such that the portion of
the first frame is displayed, and whercin less than all of the first frame is decoded and
less than all of the first frame is displayed during playback.

Further, some embodiments provide methods of encoding video content,
comprising: accessing video content comprising mukiiple frames of visual content,
wherein each of the multiple frames if fully displayed would extend beyond a field of
view of a viewer; applying rectilinear projection to cach frame of the muthtiple frames
when the frame is in an cquirectangular format; dividing cach of the frames into
plurality of adjacent sections such that the plurality of adjacent sections of a frame
extend over an entire area of the rectilinear frame; and encoding, for each frame of the
multiple frames, each of the phurality of sections such that cach scction of a frame s

decodable independent of the other sections of the frame.

BRIEYF DESCRIPTION OF THE DRAWINGS

The above and other aspecis, features and advantages of several crabodiments
of the present invention will be more apparent from the following more particular
description thereof, presented in conjunction with the following drawings.

FIG. 1A shows a simplified perspective view of a user or viewer positioned
relative to a virtual arca over which panoramic content may be displayed and/or
appear to the viewer as being displayed, in accordance with some embodiments.

FIG. 1B shows a simplified, overhead plane view of the viewer positioned
relative to the virtual area of FIG. 1A, i accordance with some embodiments,

FIG. 2 shows an cxemplary image of a spherical panoramic content that is

represented in an equirectangular format.

e
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FIG. 3 shows a simplified, exemplary representation of a panoramic frame that
is divided into muitiple sections, in accordance with some cmbodimenis.

FIG. 4 illustrates a simplified flow diagram of an exemplary process of
encoding panoramic content, in accordance with some embodiments,

5 FIG. S shows a siplified flow diagram of an exemplary process of decoding
and playing back content in accordance with some embodiments.

FIG. 6 shows a staplified flow diagram of an cxemplary process of
identifying scctions of an frame that correspond with a viewer’s predicted ficld of
view, in accordance with some embodiments.

10 FI1G. 7 depicts a stmplified flow diagram ot a process of decoding sections of a
sequence of frames of nudtimedia content in accovdance with some embodiments.

FIG. B illustrates an exemplary circuitry and/or system for use in

1

implementing methods, techniques, devices, apparatuscs, sysicms, SeTvers, source

w

2

and the like to encode and/or decode multimedia content, n accordance with some
embodiments.

Corresponding reference characters indicate corresponding components
throughout the several views of the drawings. Skilled artisans will appreciate that
clements in the figures are illustrated for simplicity and clarity and have not
necessarily been drawn to seale. For example, the dimensions of some of the
24 clemenis io the figures may be cxaggerated relative to other elemenis to help to

mmprove understanding of various embodiments of the present invention. Also,

common but well-understood elements that are useful or necessary in a commercially
feasible embodiment are often not depicted in order to facilitate a less obsiructed view

of these various embodiments of the present invention.

(S
"

DETAILED DESCRIPTION
The following description is not to be taken in a Hmiting sense, but is made
mercly for the purpose of describing the general principles of exemplary
embodiments. The scope of the invention should be determined with reference to the
30 claims.
Reference throughout this specification to “one embodiment,” “an

embodiment,” “some embodiments,” “some implementations” or similar language
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means that a particular feature, structure, or characteristic described in conmection
with the embodiment is tncloded in at lgast one embodiment of the present mvention.
Thus, appearances of the phrases “in one embodiment,” “in an embodiment,” “in
some embodiments,” and similar language throughout this specification may, but do
not necessarily, all refer to the same embodiment,

Furthermore, the described features, siructures, or characieristics of the
mvention may be combined in any suitable manner in ove o1 more embodiments. In
the following description, numerous specific details are provided, such as examples of
programming, software modules, user selections, network transactions, database
queries, database structures, hardware modules, hardware circuits, hardware chips,
etc., to provide a thorough understanding of embodiments of the invention. One
skilled in the relevant art will recognize, however, that the tnvention can be practiced
without one or more of the specific details, or with other methods, componenis,
materials, and so forth. In other instances, well-known structures, materials, or
operations are not shown or described in detail to aveid obscuring aspects of the
mvention.

Many systems display countent that extend beyond a viewer’s current field of
view (FOV). For example, many systems display panoramic content. Further, in at

least some instances the panoramic content can be intended to virtually extend 360

)

cgrees around a viewer so that as a viewer turns, the viewer can view other portions
of the content.  As one non-limitting example, panoramic content may be displayed to
a viewer through a head mounted display (HMD). At any point in time the viewer
can typically only view a portion of the pancramic content bascd on the viewer’s field
of view. As the viewer moves {or issucs instructions to change a field of view) the
portion of the panoramic content that becomes visible within the viewer’s field of
view changes in accordance with the viewer’s movement (or instructions).

FIG. 1A shows a simplified perspective view of g user or viewer 1172
positioned relative 1o a virtual area 114 over which panoramic content may be
displayed and/or appear to the viewer as being displayed, m accordance with some
embodiments. FIG. 1B shows a simplified, overhead plane view of the viewer 112
positioned relative to the virtual arca 114 of FIG. 1A, in accordance with some

embodiments. Referring to FIGS. TA-11, in this representation, the panoranie

A
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content is intended to extend 360 degrees laterally around the viewer. In some
imstances, the panoramic content may further extend or virtually extend over the
viewer, such as appearing to the viewer as extending approximately 180 degrees
vertically (+90 to -90 degrees from viewpeint) and/or 360 degrees around the viewer.

5 The viewer 112 has a Hmited field of view (FOV} 116, In many instance with
panoramic content, the viewer’s field of view 116 extends across only a percentage of
the panoramic content, and often is typically less than 50% of the panoramic contont.
With many display systems, the viewer can move her/his head and/or body {or cause
the countent to scroil) to change the position of her/his field of view (o sec other

10 portions of the panoramic content as it is displayed.

Panoramic content, such as pancramic video content, that has 360 degrees of
horizontal field of view and 180 degrees of vertical field of view provides the viewer
with a complete view of the environment and the freedom to change her/his field of
view 116 to view portions of the pancranic content from any direction. Creating such
panoramic content often employs the use of multiple cameras pointing in different
directions from the same position. The images captured from cach camera can then be
stitched together using image processing algorithims 1o aligo the images and to
climinate overlap,

The panoramic content could be created in different formats depending on
24 intended use cases. For example, with some panoramic content that has a larger field

of view in one direction and a restricted ficld of view in the other, planar panoramas

or ¢y lindrical panoramas may be suitable, and the entire area covered by a displayed
planar or cylindrical panoramic content may be viewed by moving or scrolling in one

direction. But for full 360x 180 degree panoramic contend, the ahove mentioned

(S
e

panorama formats are typically not as suitable as a spherical panorama format. When
used for still images or video frames, spherical panoramas are typically represented in
the cquirectangular format, which represcut 360 degrees on a horizonial axis and 1580
degrees on a vertical axis.

FIG. 2 shows an exemplary image of a spherical panorvamic content 210 that is
38 represented in an equirectangular format. The horizontal axis 212 of the panoramic
content represcuts 360 degrees on a horizontal axis relative to a viewer’s position.

Further, the vertical axis 214 of the panoramic content represents 180 degrees ona
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vertical axis relative to the viewer’s position. Typically, in equirectangular format
images, frames and the like, horizontal curves can be seen and the top and botiom of
the image 210 appear extromely distorted. While viewing a portion of the panoramic
content based on the viewer’s field of view (e.g., using a computer screen, a Head
Mounted Display (HMD), or the like), rectilinear projection is performed to convert
the horizontal curves as straight lines before the panoramic content is played back or
displayed.

As mmtroduced above, in some techniques for creating video panorama files,
video frames from multiple cameras are stitched together to create equircctangular
video frames that when displayed extend beyond the viewer’s fickd of view.
Similarly, many techniques for creating compressed video panorama files include
stitching video frames from multiple cameras to create equirectangular video frames
before compressing the equircciangular video frames using a video compression
formeat such as H.264 /MPHG-4 Advanced Video Coding (AVC), High Efficiency
Video Coding (HEVC) or other sach compression. To display the content allowing a
viewer {0 view the portion of the panorama content {¢.g., through an HMD) within the
viewer’s FOV, entire equirectangubar video frames are typically uncompressed and
the portion of each frame is realigned using, for example, rectilinesr projection to
compensate for the distortion in the equirectangular format images or frames.
Accordingly, the system playing back the panoramic video content typically has to
perform large amounts of video processing to decode the entire equirectanguiar video
frames.

Some embodiments, however, veduce the computational and/or at least
decoding processing overhead in preparing to playback panoramic conteunt by
specifying sections and/or dividing panoramic frames into sections. These sections
can then be encoded to allow the encoded sections to later be decoded mdependent of
other segments of the panoramic frame.

FIG. 3 shows a simplified, exemplary representation of a pancrande frame 310
that 18 divided into muiltiple scctions 312-317, in accordance with some embodiments.
In some implementations, rectilinear projection is applied to create the multiple
sections 312-317 of the frames of the video panorama before it is encoded. This can

provide improved coding efficiency and better picture quality as there are less or no
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distortions to affect the encoding processes such as motion estimation. The sections,
in some implomentations, are non-overlapping sections of the video frame. Further,
the sections allow for fast decoding, as individual sections can typically be decoded
mdependently of other sections of a frame, and n some instances the decoding
process may even be bypassed.

The panoramic frame 310 shows the equircctangular image of FIG. 2, but
recreated as six non-overlapping sections 312-317. For cxample, these sections can
generally represent, based on a certain field of view, a left section 312, a front section

i

(U

(a3

, aright section 314, a back section 315, an overhead or top section 316 and a
lower or bottora section 317, Again, the representation in FIG. 3 is provided as a non-
Lmiting example showing six scctions. Other embodiments may specify or define the
frames and/or images into more or fewer sections. For example, in some
implementations, panoramic frames may be divided into 4 sections, 12 sections, 24
sections, 60 sections or other numbers of sections, The number of secticns uitlized
can depend on many factors, such as but not limited to, processing capabilities of the
playback device, desired latency, field of view of the panorama content (horizontal
and vertical), ficld of view of the display (horizontal and vertical), overhead
associated with sections, available storage, available memory, available bandwidth
and/or bandwidth predicted to be available, and other sach factors or combinations of
such factors. For example, the number of sections may be limited as an amount of
header jnformation and/or other information typically associated with cach section
atilized with the encoded bitstreams increases, which may reduce compression
cfficiency {c.g., such as with content being strcamed over a distributed network). In
some implementations, the sections may be defined m accordance with the rectilinear
projections (e.g., six rectilinear projections can be used to generate six sections) when
the frames of the content are in the equirectangular format. In other embodiments,
portions of a frame defined by rectilinear projection may be further defined into
additional segments. Stmilarly, when rectilinear projection is not used the frames are
divided into the plurality of adjacent sections. Again, some embodiments, the
phurality of adjacent seetions of a frame extend over an entire area of the frame.

Some embodiments are further configured to define different sections of a

frame to have different shapes and/or sizes, or otherwise extend over different
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amounts of area of the panoramic frame. For example, in some embodiments the
sections defined along one or more portions of a frame that extend laterally from the
viewer may be divided into multiple rectangular sections oriented with the long side
extending in a Y direction (virtual to the user’s field of view), while sections defined
along one or more portions of the frame that extend horizontally from the viewer are
divided into multipic rectanguiar sections oriented with the long side extending in an
X direction. Further, scctions may be encoded as a separate bitstreams, with different
section sizes within the same bitstream.  In some implementations the type of
application and the panorama content can affect and often may be significant factors
in determining the rumber and/or size of sections. o many instances, users will be
viewing along the X direction more often than the Y divection.  As such, some
implementations define the dimension of 2 section along the X direction as being
smaller than the dimeunsion along the Y direction, which may provide higher
efficiency. Further, the coding standard used for creating the bustream may also
mfluence the orientation of the sections.

FiG. 4 illustrates a simplified flow diagram of an exemplary process 410 of
encoding panoramic conient, in accordance with some embodiments. To step 412, the
panoramic content, such as panoramic video content is accessed. Typically, the video
content comprises multiple frames of visual content configared to be displayed, and
the multiple frames if fully displayed would extend beyond a ficld of view of 2
viewer,

Some embodiments include optional step 414, where a rectilinear projection is
applied to each frame of the multiple frames when the frame is in an equirectangular
format. Again, the rectilinear projection can, at feast fn part, tmprove coding
efficiency and picture quality because distortions that can affect the encoding
processes, such as motion estimation, ¢can be reduced and/or eliminated. Further, in
many implementations, the rectilinear projection is applicd multiple times over cach
equirectangular formatted frame to generate sections of the frame or portions of
sections of a frame. For example, rectilinear projection may be applied six times 1o
panoramic frames to prodoce sections 312-317 (as shown in FIG. 3), while in other
implementations the rectilinear projection may be applicd more or fower than six

times. Still further, in some implementation each projection from the rectilinear
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projection may be further divided into additional sections of the frame.

In step 416, the sections of cach frame are defined and/or cach frame is
divided into a plurality of adjacent sections extending over each frame and typically
multiple sections are defined and extend over an entire area of cach frame. In some
embodiments, as described above, the rectilinear projection may be used at least in
part to gencrate the sections. In other embodiments, the portions of the frames
generated by the rectilinear projection may be spiit futo further sections. The number
of sections can depend on one or more factors as described above and further below.
For example, the number of sections can depend on a predicted decoding and/or other
graphics processing capabilities of the playback device, memory capabilities,
expected bandwidths, latency issues and the Tike. n some implementations, the
panoramic content is newly created and/or received from multiple cameras. Time-
synchronized frames from cach camera can be further processed to climinate overlap,
and then divided fto sections, As described above, in some embodimenis, the
sections can be rectilinear sections.

In step 418, each of the plurality of sections of cach of the frames of the
mltiple frames 1 encoded. In seme crubodiments, the encoding is implemented such
that for a given frame, cach section is configured to be decoded independent of the
other sections of the frame. It is noted that one or more sections of a given frame may
be dependent on and/or reference one or more sections of one or more other frames.
For example, one or more frames may be encoded as P-frames (Predicted picture), B-
frames (Bi-predictive pictare), and/or other such frames, and as such one or more
sections may reference one or more sections of one or more other frames in decoding.
In some woplementations, each section is encoded as a separate compressed biistream
of the rectilinear video frames. Similarly, in some embodiments, sections can be
encoded with different resolutions with each different resolation section configured as
separate bitstreams. In other embodiments, 8 section may be encoded at multiple
resohutions with the multiple resolutions of a section contained in a single bitstrear.
For example, such content streams may be encoded in accordance with the Scalable
Video Coding (SVC) standard or other such encoding.

In some embodiments, some or all of the sections arc arranged in 3 single

bitstream and encoded while allowing cach section to later be decoded independently
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of at least others sections of the same frame. For example, in some implementations
sections are defined as one or more slices, such as those employed in H.264 and
HEVC. Adduionally or alternatively, some embodiments define sections based on
one or more tiles while applying HEVC coding. Similarly, in some embodiments, the
sections are arranged as vertical strips with each section being coded as one or more
slices in accordance with H.264 coding. During the encoding process, some
embodiments define how many shices and/or tiles are used and the structure of the
slices and/or tiles. Once each section is encoded as a slice or tile, cach shice is
configured in many instances to be decoded independently of other slices or tiles.

Further in decoding, 7o many embodiments, when a frame is referenced by
another frame the entire referenced frame does not have 1o be decoded. Instead,
similar to the decoding of a frame of interest, only those portions of the reference
frame that are being references have o be decoded. Some embodiments further Bmit
the referencing of sections of a first frame to corresponding sections of a second
frame being referenced. For example, some embodiments modity the encoder to Hmit
the motion cstimation scarch range to near section boundarics in attempts to fmit or
prevent the motion vectors of a frame from referencing one or more pixels in another
section of the referenced frame. Additionally or alternatively, some embodiments
utilize stices, which often lmit or prevent a motion vector to cross boundaries
between slices. Similarly, in some implementations, prediction for I-pictures is
defined to not cross a shice boundary. Other embodiments are configured to generate
separate bitstroams for some or ali of the sections, which can Hmit or aveid a section
of a first frame referring to a different section of a reference frame.

Some embodiments further improve the encoding by tucreasing the vumber of
frames that are independent and/or otherwise do not reference other frames in
performing the deceding. For example, in some implementations encoding includes
ncorporating and/or increasing a number of FHrames (Intra-coded picture frames)
than would typically be encoded. The increased nuraber of I-frames, at least in part,
allows sections of these -frames to be independently decoded without reference to
one or more other frames. Further, in some implementations, the increased number of
independent or non-referencing frames improves goality. The increase can provide

that independent or non-referencing frames are encoded as often as once every 10-20

10~
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frames, and in some instances as often as every 2-4 frames. Alernatively, some
embodiments cncode cach frame ag an I-frame or other similar encoding such that the
cach frame does not reference or depend on another frame in decoding the one or
more sections of a frame. The increased numbers of I-frames may result in an
ncreased amount of data and/or data processing. However, because the decoding is
performed on sections and not all of a frame has to be decoded the processing to
decode the increased nurabers of I-frames is not detrimental to the decoding process
and is at least compensated for by the reduced amount of the frame that is decoded.
Similarly, in some embodiments, the encoding is implemented on frames that
have higher than typical resolutions. Provious systems typically had luwited
capabilitics to handle greater resobutions because of the processing overhead needed
to decode the entire panorama frames. As described above, however, some present
embodiments lmit the decoding to one or more sections of the frames so that less
than the entire frame is decoded. Accordingly, because there is less decoding
performed, higher resolution frames can be encoded while typically not adversely
affecting the decoding, the playback speed and/or performance of the playback
device. Similarly, some cmbodiments access video content at a resolution for one or
more (or cach frame) that is higher than predicted to be decodable by an expected
playback device, and encodes the sections of the one or more frames with the
expectation that less than all of the scctions of a frame are to be decoded.

Some cmbodiments may further encoede one or more sections of one ot more
frames at different resolutions, For example, in some instances, an active section can
¢ anticipated (c.g., based on previous viewers, based on intended focus poing, ete),
and the active section and neighboring sections can be encoeded at a higher resolution
while those sections not expected to be viewed with as much interest and/or frequency
may be encoded at a lower resolution. In other implementations, one or more sections
of a frame may be encoded at a maximum resolution and also encoded at one or more

lower resclutions. For example, sections {or an entire frame) that is encoded with a
first resolution, for example 2560x2560, may be encoded at one or more lower
resolutions, for example encoding at 1280x1280, 640x640, 160x160 or other such
reduced resolution. During playback, when a scction is not within a field of view {or

1s at a periphery of the field of view, or 1s otherwise not considered as important as

11
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one or more other sections), one of the lower resolution sections can be sclected to be
decoded instead of the high resohution section reducing processing and/or memory
overhicad. As such, one or more sections of a frame can be decoded at a higher
resohution, while one or more sections of the frame are decoded at a lower section.
5 Further, one or more sections of the frame may be skipped and not decoded.
In some mmplementations, one or more sections of a frame that are determined
to he within the ficld of view {(or within a threshold of the ficld of view) are identified
and higher or highest resclution versions of those sections of the content {e.g., of a
bitstream) arc decoded to generate the pixels that is to be displayed, while one or
10 more other sections are selected to be decoded using lower resolution versions of the
sections. For example, the lower resolution versions of scctions could be used for
decoding regions of a frame that are distant from the ficld of view {(e.g., a fixed
distance, a threshold distance, 2 distance dependent on anticipated movement, or the
like). Sorse crobodiments use and/or encode I-frames as transition poiots between
lower resohution and higher resohution versions of sections and/or frames. The lower
esolution sections continue to reduce the processing and/or memory requirements of
displaying the content.
Still referring to FIG. 4, in step 420 one or more section mappings are
generated, which in some embodiments, define relative positional relationships
24 between cach section of a frame and one or more other sections of the same frame. In
some cmbodiments, a mapping is generated mdividually for cach frame. In other
embodiments, the one or more mappings covers muthtiple frames, and in some
instances a single mapping is generated for a content, with the mapping providing

mapping information for sections in each frame. Some cmbodiments are configured

(S
e

to explicitly define the mapping while other embodiments may be configured
additionally or altematively deduce mapping, for example, through the decoder. In
deducing mapping, some embodiments take advantage of knowledge of section
positioning, for example, with cach section configured as a separate stream. The
decoding system can determine or be provided with knowledge of which stream

30 corresponds to a corresponding location {e.g., the top, right, left, eic.). The decoding
system can then compute the neighborbood mapping and the section mapping on s

own. This may be particularly relevant in a closed system where the fields of view

“12-
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and panorama types are fixed.

Further, in some embodimenis, coordinate information is defined in the
mapping for each frame, and typically extends over the entire frame. Coordinates
and/or boundarics are identified from the coordinate information for each of the

5 sections of the frame. For example, first and second axes can be defined over the
sections defined from the rectilinear projection and coordinates defining the
houndaries of cach section are identificd. Additionally, in some implementations the
coordinate information is consistent between frames, while in other implementations
the coordinate information may be dependent on the frame {e.g., a predefined corner

10 of a frame is designated as an origin from which the coordinate information is
specified). In some embodiments, the mapping identifics section position information,
which can comprise coordinate information, positional relationships between sections,
identifics neighboring sections and/or other such position information. For exanple,
the mapping can be configured to identify, for cach section of a frame, neighboring
sections and defining positional relationships associating each section of the frame
with cach neighboring section.

In some erbodiments, the mapping defines, for each of the multiple frames,
the multiple sections of each frame such that the multiple sections extend across the
entirety of a frame. Again, in some implementations, neighboring sections are
20 identificd for cach section of the frame and the mapping associates cach section of the

frame with each veighboring section. For example, again referring to the siraple

example of six sections 312-317 of FIQ. 3, each section has four neighbors when the

panoramic frame is intended to extend 360 degrees about the user and at least 180

degrees vertical to the user (+90 to -90 degrees). Some embodiments identify an

(S
e

active section as the section that occupies the majority of the display. 5l further, in
some embodiments, the mapping defines one or more sections in one or more
previous or subsequent frames when a section references one or more sections of the
one ot more previous or subscquent frames (e.£., a section of a P-frame or B-frame).

Furthermore, in many implementations the panorama content 1s configured to
30 beviewed in 360 degrees laterally from the user, 180 degrecs vertical to 2 viewer
and/or 360 degrees spherically about a viewer. As introduced above, in some

mplementations the sections of a frame are defined from the rectilinesr projection
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{e.g., see FIG. 2). As such, in some embodiments, the mapping further defines
wrapping and/or neighboring sections of two or more sections of a frame so that when
rclovant sections are displayed as the viewer changes ber/bis field of view the relevant
sections appear to the viewer as continuous contert. For example, some embodiments
dentify boundaries of the frame (e.g., boundaries of the rectilinear projection of the
frame). Two or more boundary sections of multiple sections of a frame are identified
that correspond to boundaries of the frame.

In some embodiments, the mapping can further be configured to define
boundaries of scctions as adjacent to define an effective 360 degrec frame. Asa
further example, two boundary sections of the vwltiple sections can be identified,
where a first section of the two boundary sections has a boundary corresponding to a
first boundary of the frame and a second section of the two boundary sections has a
boundary corresponding to 8 second boundary of the frame. Based on the defined
houndary sections, the reapping can define that the first boundary is adjacent to the
second boondary defining an effective 360 degree frame such that the first boondary
frame is defined as adjacent to the second boundary frame. For example, referring
back to FIG. 3, a first boundary 320 of a first section 3172 can be detined as adjacent 1o
a second boundary 322 of a second section 315 such that the first section 312 1
defined as adjacent to the second section 318, Further, some embodiments obtain
pixel data for the sections, which are used to determine and/or generate textures,
which can also be mapped on 2 polygon or a 3D model. In some instances, fexiures
are mapped on to a cube map, and textures per frame are updated for those sections
that are to be displayed.

In some crbodiments, the mapping is defined to correspond to user
movements and/or display movement instructions. The movement information can be
used to determine and/or define the field of view. For example, some mappings use
the following information to define a ficld of view:

° Pan (sometimes reforred to & yaw), which 1s typically defined in
relation to a rotation of the wser’s (or the camera’s) field of view around the vser (or
the camera, sach as axis of a tripod on which a camera is mounted). A frame of
reference can be defined, such as § degrees is defined as forward, +90 degrees is

defined o the right, -90 degrees is defined to the left, and 180 {or -180} is defined as
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toward the back. Further, pan = § degrees can be defined as a center of the panorama

conient,

[

The tilt (sometimes referred to as pitch), which is typically defined in
relation to 8 vertical rotation of the user (or the camera). The tilt can be detined to
equals § degrees when the user {or camera) is horizontal, +90 degrees when the view
i shified entirely upwards (e.g., facing above the user’s head or toward the sky}, and
-90 degrees when the view is shifted entively dowrnward {¢.g., facing the user’s foet).

. The roll, which is typically defined in relation to a rotation around an
axis through a center of a ficld of view {or rotation around the lens axis of the
camera). The roll rotation can be defined such that when the roli is positive the image
1s rotated clockwise; and when the roll rotation 18 negative the image is rotated
counterclockwise.

Some embodiments define the pan, tilt and roli mapping before the content
and/or stream of content 1s decoded. Further, some embodiments take inio
consideration the number of subsections used within a frame and/or optics of a
display system (e.g., optics of an HMD) in defining the pan, tilt and roll mapping,
which may be cstablished before the stream is decoded. Based on the determined pan,
tilt and/or roll, ranges of pan, it and roll values can be mapped to one or more a
particular section that are to be within the field of view. Some embodiments further
define or determine angular Hmits for pan, tilt and roll for cach section. With this
knowledge the mapping can be defined to inclade a lookup of the pan, tilt and roll
values from, for example, sensor data from an HMD (or movement command from a

evboard, game controiler, ctc.), and comparing it these limits, one or more flags can
be sot that denote which sections are to be decoding or not. Some embodiments
additionally define mapping for multiple frames and/or an entire sequence, and need
not be done on a frame-by-frame basis. The mapping, in some implementations, may
further define neighboring sections using the pan, tiit and roll information.
Additionally or alternatively, the mapping specifies the neighboring sections and/or
neighborhood rales, which m some instances may reduce computations.

Again, because the field of view only extends over a portion of the panoramic
frames, typically less than all of the sections are decoded. The mapping can be used

to select which of the sections of a frame are to be decoded, while other sections are
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not decoded. In some embodiments, the determination of those sections that are not
io be decoded may be based on a threshold relationship refative to the determined
ficld of view. For example, some embodinents decode those sections that are
predicted to be at least partially within the ficld of view. Gther embodiments may use
thresholds and not decode those sections that exceed a threshold distance, angle, or
the hike relative to the current field of view. For example, in the simple case of six
sections (such as that shown in FIG. 3}, when a tilt of greater than +45 degrees is
detected a bottom section 317 could be left undecoded. Similarly, when a tilt is -45
degrees or below, a top section 316 may not be decoded.

Often, panorama content is provided in one or both high resolution and high
display frame rates {e.g., content viewed using an HMD, high definition displays, exc.)
to provide a guality experience for the viewer. In many previoos systems that display
farge format content, the compressed bitstream or bitstreams of entire frames need to
be decoded before the video frames can be displayed. The rate at which a video
bitstream can be decoded depends on several factors, including but not limited to the
decoder luma sample rate. The decoder luma sample rate corresponds to the number
of luminance pixel samples that are to be processed per second by the video decoder.
Typically, with other factors remaining the same, the decoding speed decreases as the
decoder huma sample rate increases. Some embodiments increase the number of
sections of 3 frame while fowering the mumber of luminance pixels in cach subsection.
This can at least help in allowing the skipping of the decoding process for larger
regions of the panorama frame. This can further allow the system to lower the
decoder luma samplc rate, thereby cnabling a higher frame rate, a higher resolution
panorama, or both,

As mtroduced above, decodmg equirectangular video frames entirely so that
only a portion of the decoded frame to be displayed s mefficient. Even if slices or
tiles are used for encoding an equirectangular frame, the loma sample rate will vary
depending on the region of the panorama frame that is being viewed. Further, when
rying to view the top and bottom of a panorama frame, a higher number of samples
typically need to be decoded, which may lead to a slowdown of the decoder.

Again, however, some embodiments encode the content based on sections of

the frames, and the number of sections per frame that are decoded is hmited based on
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a viewer’s field of view and/or anticipated ficld of view. Not all of the sections of a
frame need to be decoded for displaying s portion of the panorama frame. Further, in
some implementations cach section {(e.g., rectibinear sections) can be decoded
mdependent of other sections of the same frame. This allows a predictable way of
5 identifying a minimal number of sections that should be decoded at any moment

during playback. The sections of a frame that are not going o be visible to the viewer
can often be skipped and not be decoded. As such, the decoder tuma sample rate
often remains relatively consistent irrespective of the section of the panorama being
viewed.

10 FI1G. 3 shows a simplified flow diagram of an exemplary process 510 of

decoding and playing back content in accordance with some embodiments. In ste

512, encoded video content is accessed. The video content includes a series of frames

of visual content configured to be sequentially played back, where cach frame of the

series of frames if fully decoded is configured to extend beyound a viewer’s field of

view. For example, the content can be panoramic video content configured to appear

to the viewer when displayed as extending 360 degrees laterally around and/or 189
degrees ot more vertical to the viewer. Further, each enceded frame comprises
multiple encoded sections of the frame.

In step 514, a field of view of the viewer viewing the video content is

20 determined. The ficld of view is typically determined relative to an orientation of the
content being displaved, whether on a computer monitor, a television, a display,
virtually throogh a HMD, a three dimensional display screen, or the like. In some
implementation, the field of view is determined for each frame prior to a portion of

cach frame being displayed. Further, some embodiments additionally may determine

(S
e

a predicted field of view of the viewer, for example, based on the viewer’s
movements (e.g., from ong or more sensors), viewer control commands, and/or other
such information that can alter a viewer’s field of view at least relative to the content.
In step 516, one or more sections of one or more frames are identificd that
correspond to and/or are at least partially within the determined and/or predicted field
38 of view and that are to be visible to the viewer upon displaying the portion of the
frame. In many cmbodiments, the ficld of view is identified relative to cach frame

during playback of the video content and sections of each frame are identified as a
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fonction of the identified corresponding field of view. Typically, less than all of the
sections of a frame are decoded. Some embodiments further access a sections
mapping that defines section orientation and/or position information of cach of the
multiple encoded sections of a frame and coordinate mformation across the mukltiple
5 encoded sections. The sections mapping can be evaluating relative to the field of
view to identify the encoded sections to be decoded and/or that are within the current
or predicted field of view. To some embodiments coordinates of the coordinate
mformation corresponding to the field of view can be identified, and one or more
encoded sections of the frame can be identified that are at least partially within the
10 identified coordinates corresponding to the ficld of view,

One or more thresholds may be considered when determining whether 4
section is within a field of view or a predicted field of view. In many instances, only
a small portion of a section may actually be within the field of view. Accordingly,
some cmbodiments evaluate an amount (¢.g., a width, a height, an arca, cte.} of 2
section that is within the determined field of view relative to one or more thresholds
{e.g., width threshold, area threshold, eic.), and determing whether the amount of the
seetion that is within the field of view has a predefined relationship with the area
threshold. For example, scctions are identifying to be decoded when the one or more
encoded sections of a frame have at least a threshold amount of the section within the
24 field of view and/or within identified coordinates corresponding to the field of view,

In those fnstances where less than the threshold area of the section is predicted to be

within the field of view, some embodiments do not decode the section. For example,

some embodiments include a slightly larger border when displaying the portion of the

frarae, or the scotions that are being displayed may be slightly shifted to compensate

(S
e

for the fact that a relatively small area of a non-decoded section is not being
displayed. Other embodiments, for example, stmply display a slightly reduced sized
portion of 3 frame than a previous frame. The threshold can depend on one or more
factors, such as resolution of the displayed portion of the frame, size of the ficld of
view, area or size of scctions of the frame, area or size of the section being considered
38 relative to the threshold, and other such factors. Some embodiments compensate for
the portion of the undecoded section that would otherwise be within the field of view

by using data from one or more of the decoded portions, for example, to fill in the
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reypaining portion of the frame within the field of view. Additionally or alternatively,
as this filled portion will most likely be in the peripheral vision, techuiques such as
repeating the pixels from a current frame or previous frame, techniques such as frame
warping could be used, or other such techniques or combinations of such technigues
can be used to compensate for the portion of the undecoded section that would have
otherwise been within the field of view.

In step 514, the one or more identified encoded sections of the frame are
decoded that at least correspond to the identified field of view and are o be visible to
the viewer upon displaying the portion of the first frame to be visible to the viewer.
Again, fower than all of the sections of a frame are decoded such that less than all of a
frame 15 decoded. Further, the sections that are decoded correspond to a viewer’s
current and/or predicted field of view such that they are at least partially within the
ficld of view. In some embodiments, the decoding comprises decoding data sufficient
o generate pixel data for the array of pixels of those sections of the first frame that are
within the field of view, and generate texture data using the corresponding one or
more pixel arrays. Some embodiments determine that one or more sections that were
decoded in a previous frame are ne longer within the field of view and may prevent
the decoding of the one or more section while decoding the sections that are within
the field of view. Some embodiments incorporate high-level syntax decoding
processes (such as slice headers). In such embodiments, for sections not in the ficld
of view, only high-level syotax decoding may be performed, and computationally
mtensive processes such as decoding macroblock data, residual data, and/or other
such intensive decoding processes are not performed.

As described above and further below, in some Instances more than just those
sections and/or those frames that directly correspond to and/or are at least partially
within the current field of view may be decoded. For example, in some embodiments,
movement of the viewer may allow a prediction that a position of the viewers field of
view will soon change 1o jnclude one or maore other sections that currently do not
divectly correspond with the corrent ficld of view. Accordingly, these one or more
other sections may also be decoded in anticipation of these sections being displayed
relative to the current or subsequent frames.,

Further, in some implementations, one or more sections of a current frame that
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are not intended to be divectly displayed relative to the current frame may also be
decoded, for example, because one or more frames reforence the sections of the
current frame {(e.g., as sections of a B-frame or P-frame). Accordingly, the decoding
of sections may firther take into consideration predicted sections of subsequent
frames to be displayed and whether those sections reference one or more sections of a
current frame. Additionally or alternatively, the decoding of sections may also
melude wdentifying that a section of a current frame references one or more sections of
one or more previous or subsequent frames and cavsing the decoding of one or more
sections of the one or more previous or subsequent frames. However, in stop 518,
typicaily less than all of the currerd framce is decoded such that one or more of the
encoded sections of the current frame that are not to be visible upon displaying the
current frame to the viewer are not decoded. Still further, in decoding the one or more
sections of a frames, it can be determined that a first section of a frame that was
decoded in a previous frame is no longer within a current field of view, and the first
section can be prevented from being decoded while decoding the other encoded
sections that are to be displayed.

In step 520, the one or more decoded sections of the current frame that are to
be visible to the viewer and/or correspond with the field of view are displayed. In
many instances the sections of the frames are displayed according to playback timing
of the video content and corresponding to when the relevant frame is to be displayed
based on that tining. Again, the decoding and displaying of those sections of the
frames that correspond with the viewer’s field of view results in the decoding and
displaying of only a portion of the current frame, and less than all of the current frame
is decoded and displayed during playback. In many instances less than 25% of a
frame 18 decoded, and in some mstances with some frames less than 84 9% of a frame
1s decoded. For example, some decoding may result in decoding a limited mumber of
sections with approximately 90 degrees horizontal and vertical field of view. As
further examples, in some implementations only three sections of a total of 12
sections defined over a frame may be decoded and displayed, while other
implementations may decode five sections of a total of six sections defined over a
frame. This allows the decoding and dispiaying of panoramic content to be enhanced.

Further, latencies can be reduced and/or display quality can be improved.
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FIG. 6 shows a stmplified flow diagram of an exemplary process 610 of
identifying sections of an frame that correspond with a viewer’s predicted ficld of
view, in accordance with some embodiments. In step 612, field of view orientation
mformation is received corresponding to a viewer's field of view. The orientation
wnformation can be received from one or more sensors, image detection systoms,
acoustic systems, other such sysiems or combinations of such systems, The
oriendation information corresponds o @ current position of a viewer’s ficld of view,
movement of a user and/or a relative orientation of a viewer relative o the frames,
commands dictating a shift in the field of view, and/or other such information that
causc changes to a position and/or oricntation of the viewer’s ficld of view. The
orientation information can include, for example, coordinate position, orientation,
acceleration and/or velocity along any axis, tilt, pitch, yaw, roll, and the like. Some
embodiments include and/or reccive imformation from one or more sensors or other
devices providing the information used to determine relative position and/or
movement. For example, some embodiments include and/or receive information from
one or miore accelerometiers, gyroscopes, tilt sensors, optical sensors, mage capiure
circuitry or systems {¢.g., camera, video camera, ¢te. ), microphone arrays, acoustic
radars, other such devices or information from combinations of such devices. Still
further, mformation may be received through direction instructions and/or commands
(e.g., from a mouse, touch screen, keys, butions, remote conirol, other such devices or
combinations of such devices) that are used i controlling what portion of a frame is
within a viewer’s field of view. For simplicity, this information is generally referred
to as orientation information, and it will be understood by those skilled in the art that
such information can include position, orientation, acceleration, velocity, tilt, piich,
yaw, roll, direction instructions, and/or other such relevant information.

The orientation information is used to detect and/or determine a current field
of view, movement and/or a lack of movement that affects a viewer’s field of view.
Again, the movement can be the viewer moving ber head (e.g., when using Head
Mounted Display (HMD), the viewer 1s positioned proximate a display, or the like), a
command is received {(e.g., from a keyboard, remote control, touch sereen, eic.)
dictating a movement of a position of the field of view relative to the panoramic

frame, or other such movement or combinations of such movement, For example,
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sections of the panorama frame that are to be decoded and those that could be skipped
can be identified based on orientation information from an HMB. An HMD can
nchude rootion sensors to identify the position and the direction of the HMD in 3D
space. This orientation information could be used to identify which sections of the
panorama frame the viewer is currently focusing on and/or predict the position and/or
orientation of the HMD in the near future (¢.g., based on the measured velocity and/or
acceleration of the head movement and extrapolating the pesition data to 2 position in
time),

In step 614, an oricntation and/or position of the viewer’s field of view is
determined and/or predicted at the time & portion of a frame s to be displayed based
on the orientation mformation. When movement 18 not detected, the ficld of view 18
typically predicted to remain the same over one or more frames. In those instances
where movement is detected, the orientation information can be evaluated to
determing, based on timing of when one or more frames are to be displayed, the
position of the field of view when the frame is to be displayed. This evaluation can
takie into consideration an acceleration, velocity, direction of movement (which may
be in two or three dimensiouns), and the like. Further, a relative position and/or
orientation of the ficld of view is anticipated based on the timing of when a frame is to
be displayed. Some embodiments extrapolate a predicted position and/or orientation
of the field of view using orientation information, which typically includes a current
position and one or more previous positions. Again the ovicutation information can be
obtained from one or more commands (keyboard entries, remote control signals, game
controller control signals, mouse signals, ctc.) and/or from sensors, and based on the
oricutation inforraation the position of the ticld of view can be predicted (e.g., predict
the position of the HMD in the near future based on the measured velocity and
acceleration of the head movement and extrapolating the orientation information
and/or data),

In some embodiments, the position of the ficld of view and/or the predicted
position can be defined based on pan, 6ilt, x-y-z coordinates and/or other such
information. For example, with an HMD in accordance with some implementations,
pan and tiit are angles that the HMD makes with respect to X and Y axes. Using at

least these two parameters, the sections can be identified that correspond with the
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current and/or predicted position of the field of view. These identified sections ¢an be
decoded to display the pixels for that particolar viewing direction. As a further
example with respeet to FIG. 3, in some implementations when a 11l is greater thag
43°, then the decoding of the bottom section 317 could be skipped, and when the uilt is
leas than -45° the decoding of the top section 316 could be skipped. Similarly, the
vahue of the pan angle could be used to selectively omit the decoding process of one
or more of the left section 312, frond section 313, right section 314 and back section
318,

In step 6186, the frame to be displayed is evaluated relative to the predicted
position and/or oricntation of the viewer’s fickd of view and/or that g position of the
viewer’s field of view is predicted to change at the time the frame s to be displaved to
dentify one or more sections of the frame to be displayed. Often, the field of view
extends across at least portions of two or more sections of a frame. As such, decoding
can be initiated for the one or more sections identified when displaying the relevant
portion of the frame that corresponds with the field of view. For example, some
cmbodiments determing that the viewer’s field of view 1s predicted to change to
nchude at least a portion of one or more other encoded sections of a subsequent frame
yet to be displayed. In some instances, the one or more other sections of the
subsequent frame correspond in position to one or more sections of a previous first
frame that are not being decoded relative to displaying the sections of the first frame.

Further, some embodiments consider whether a threshold amount or arca of a
section is predicted to be within the field of view. The predicted position and/or
change of position of the ficld of view allows less than all of the sections of a frame o
be sclected and the decoding of less than all of the frame, which can reduce
processing needs, provide reduced latency, potentially reduced memory needs, allow
one or more frames to have greater resolution, allow for an increased frame rate,
allow for an increased mumber of independent frames, other such advantages or
combinations of such advantages. The prediction of the position of the field of view
allows the decoding circuitry and/or decoding system to determine that the viewer’s
field of view is predicted to shift to inchuide at least a portion of one or more encoded
sections of one or more frames yet to be displayed. When there is g shift in position

of the field of view, the selected sections typically include one or more sections that
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correspond to one or more sections of a current frame that are not being displayed in
the current frame.

Some embodiments further incorporate a margin of error when predicting a
location and/or orientation of the viewer’s field of view. For example, some
embodiments may be configured to and/or provide an option to be activated to operate
such that correctness has a higher priority than latency. An amount or degree of a
margin of ereor applied can depend on many factors, such as but not limited 1o
available spare cycles to perform decoding, predicted latency, memory space and/or
other such factors. Additionally or alternatively, some embodiments apply a margin
of error when time and/or resources are available. For example, some systems (e.g.,
low-latency systems) may designate time Hmits for completing the decoding. Such
systems may be configured to determine whether time is available and/or at least a
threshold amount of time is available after complcting a mintmum specified decoding,
and when time is available can initiate the decoding of one or more additional sections
to provide a margin of error. Alternatively when further thme or sufficient spare
cycles are not available, errors may be compensated for through padding,
conceabuent, smaller displaved portion of a frame, cic. in case the predicted location
and/or orientation of the field of view was inaccurate.

Some embodiments additionally or alternatively apply a range to a predicted
iocation and/or orientation of a field of view (2.g., ranges for pan, &, roli, ctc.).
Sumilarly, some embodimends evaluate a velocity and/or acceleration and apply a
range of velocities centered on an identified velocity and/or a range of acceleration
centered on an identified acceleration in performing calculations to predict a position
of the ficld of view. This may result in identifying an estimoated field of view that is
actaally larger than the viewer’s actual field of view.

As described above, one or more of the predicted sections of a first frame that
arc anticipated to be within the field of view may reference one or more sections of 2
previous or subsequent frame (e.g., when the first frame is a P-frame or a B-frame).
Accordingly, some embodiments further identify one or more additional reference
sections of previous and/or subsequent frames that the one or more seetions of the
first frame reference. In many instances, these one or more additional sections of the

previous and/or subsequent frames correspond in position to the one or more
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predicted sections of the first frame. One more of these additional sections may not
correspond to the ficld of view identified or predicted for the previous and/or
subsequent frames, but can be decoded because of the reference to the additional
sections by the predicted sections. The one or more additional sections of the
previous and/or subscquent frames can then be decoded, and in some instances are
decoded along with other sections of those frames that are or predicted to be within
the ficld of view when those frames are to be displaved. This allows the decoder to
reference one or more additional sections of one or more previous and/or subsequent
frames when decoding the one or more predicted sections of the first frame.

Further, some embodiments predict that a relative position of the viewer’s
field of view is to change at a time corvesponding to when a subsequent frame is to be
displayed (typically subsequent in playback timing) and determines a predicted
position of the viewer’s field of view relative to the subsequent frame. Based onthe
predicted position of the viewer’s ficld of view, one or more predicted sections of the
subsequent frame are identified that arc anticipated to be at least partially within the
predicted position of the viewer’s ficld of view. In decoding sections from the
subsequent frame at least the one or more predicted sections of the subsequent frame
are decoded n response to the predicting the change of the relative position of the
viewer’s field of view.

Further, some embodiments take into consideration bitrate, resolution and/or
other such factors in detormining timing. For example, with a predetermuined oy
defined bitrate and resolition, the decoding time for I-frames typically does not vary
much across a bitstream. Similarly, P-frames take a similar amount of time for
decoding. As such, the performance and/or timing of the decoder is known, and the
timne to decode a section can be estimated as a function of the bitrate, and the
characteristics of the section (e.g., I'P/B, number of macroblocks in section, ratio of
mumber of VP/B macroblocks in section, and the like). Additionally, with decoder
performance known, some emboediments are configured to predict the time taken to

egin decoding sections of a subsequent frame. Using the position and motion data
from the sensors, the location and/or orientation of the FOV at a current or futize
point in time can be predicted. Further, some tmplementations {ake into consideration

subsequent frames referencing a frame currently being decoded. For example, when a
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next or other subsequent frame 1s a P-frame that references a current frame, one or
more additional scctions may be decoded when the predicted orientation of the ficld
of view 15 predicted to refer to corresponding additional sections in the subscquent
frame. Additionally or alternatively, some embodiments use neighborthood mapping
to decode additional sections based orientation information or even without utilizing
grientation and/or sensor information. In some instances, a prediction for a future
frame is not implemented when the subsequent frame is an Hrame.

While the future field of view predictions may be used in some embodiments
to predict a time when the subsequent frame decoding is likely to begin, some
cembodiments further apply 2 refinement to predict when the decoding is likely to be
complete and the frame would be ready for display. Tn some embodiments, such as
some that are utilized within a closed system, the latency of the display and/or
decoding system, hardware and/or the libraries used to render sections of frames are
also known. This latency can be incorporated in the ficld of view orientation
determination and/or prediction, which can make the pixels rendered on the display
closely match the movement commands {e.g., HMD motion). Such field of view
refinement can be used, in some embodiments, for both the current frame as well as a
future frame.

FIG. 7 depicts a simplified flow diagram of a process 710 of decoding sections
of a sequence of frames of multimedia content {¢.g., video content) in accordance
with somae embodiments. In step 712 decoding of a frame 15 initated. Tn step 714,
ficld of view orientation information 15 obtained. As described above, the orientation
imformation can be received from one or more sensors, image detection systems,
movement comrands {(e.g., arrow key activation, mouse movement and the like), and
gtc., and can include coordinates, pan, tilt, roll, motion {e.g., velocity, acceleration,
gtc.), pitch, yaw, roll, and/or other such information. For example, sensors of an
HMD can provide orientation information that can be used to determine and/or predict
an orientation of the user’s field of view,

In step 716, determine which sections of a frame 10 be decoded are within the
field of view using the orientation information. In step 718, it is determined whether
field of view refinement processing is cnabled. As described above, some

embodiments further apply a refinement to predict when the decoding is ikely to be
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complete and the frame would be ready for display and determine the relevant
sections of the frame that are at least partially within the predicted and refined field of
view. When refinement is enabled, step 720 is entered to predict the orientation of the
field of view at the time the frame being decoded is to be displaved. Typically, some
5 or all of the orientation information is utilized (including position and motion
wnformation) to predict the orientation of the field of view. In siep 722, those sections
wdentified in steps 716 and/or 718 to be within the field of view are decoded.
In step 724, it is determined whether the current frame references one or more
other frames (o be used in decoding the current frame. When the current frame is not
10 referencing another frame, the process 710 advances to step 734, Alternatively, step
726 1s entered 1o determine whether the relevant sections of the one or more frames
being referenced were decoded and are accessible and usable, and/or whether the
sections are decoded correctly. When the corresponding sections of the referenced
frames have been decoded step 730 is euntered where a decoded picture buffer is
accessed and the relevant pixel data of the relevant sections are accessed.
Alternatively, step 732 is entered to compensate for missing pixel daia from sections
that were not decoded and/or vot correctly decoded. The compensation can inchude
applying padding, applying a concealment and/or other such compensations to fill in
pixels of the current frame that refer to missing referenced pixel data of referenced
24 frames. For example, some embodiments utilize pixels from previous or current
decoded sections to fill the display. In some embodiments, the filling is activated
when a visible portion of a section is lower than a threshold. Stmilarly, some
embodiments arg configured to use pixels from past or current decoded sections to fill

the display when the detected motion is too unpredictable and/or some predicted
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reference pixels are not available. Further, some embodiments compensating for
decoding time and apply this correction while determining a field of view for coarrent
and/or futore frames.

In step 734, the pixel data of the decoded scctions are wtilized 1o generate
textures and perform graphics rendering operations to display visible pixel through a
30 display system (e.g., HMD). Instep 736, it is determined whether the current frame is
referenced by one or more other frames yet to be decoded. When the current frame is

not referenced, the process 710 advances to step 748, Aliernatively, step 738 is
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entered and previcus and/or subsequently obtained ortentation information, and in

some instances coordinate information, neighboring information and/or other such

mapping information is utilized to predict an oricmtation of the viewer's ficld of view

and identify sections of the current frame that are predicted to be in the predicted field
5 of view with the subsequent frame referencing the current frame is to be decoded.

In step 740, it is determined whether ficld of view refinement processing is
enabled. The process 710 advances to step 742 wheo refinement is enabled maotion,
position and/or other such orientation information is used to predict the orientation of
the fickd of view at the time the referencing frame is to be displayed. In step 744 the

10 referenced sections that are predicted to be within the ficld of view and that have not
already been decoded are decoded. In step 746, the pixel data of the decoded sections
are stored in one or more buffers {¢.g., different buffer for each section) for reference
in decoding one or more subscquent frames. In step 748, it is determined whether
further frames are to be decoded. When there are further frames the process 710, in
some embodiments, returns to step 712, Alternatively, the decoding ends in step 750.
The methods, techniques, systems, devices, services, servers, sources and the
ke described herein may be utilized, foplemented and/or run on many different types
of devices and/or systems. Reforring to FIG. 8, there is iHustrated a system and/or
circaitry 800 that may be used for any such implementations, in accordance with
20 some cmbodiments. One or more components of the system 800 may be used for
implementing any system, apparatus or device mentioned above or below, or parts of
such systems, apparatuses or devices, such as for example any of the above or below
mentioned decoders, encoders, display systems, HMDs, displays, televisions,

COTHPULCTS, UNage ProCcessors OF processing systems, cameras, sensors, detectors,

(S
e

content sources, detector processing systems, coordinate determination systems,
graphics processor and/or generator systems, controllers, orientation tracking systems,
and the like. However, the use of the system 80{ or any portion thergof is cortainly
nof required.

By way of example, the system 800 may comprise a controller or processor
30 module 812, memory 814, and one or more commaunication links, paths, buses or the
like 818, Some embodiments include a user interface €16, A power source or supply

840 1s included or coupled with the system 800. The controller 812 can be

-28-



WO 2016/010668 PCT/US2015/036224

10

20

(S
e

30

implemented through one or more processors, microprocessors, central processing
unit, logic, local digital storage, firmware and/or other control hardware and/or
software, and may be used to execute or assist in executing the steps of the processes,
methods and techniques described herein, and control various communications,
programs, content, listings, services, interfaces, ete. Further, in some embodiments,
the controiler 812 can be part of a control system 810 and/or implemented through
ONE OF 0T processars with access to one or more memory 814, Jn some
embodiments, the control system additionally or aliernatively inchides a graphics
and/or image processor 826 that may be part of or separate from the processor 812,
The graphics processor 826 has access to the memory 814 1o access multimedia
content and/or store processed graphics, video, images and the like. The user
mterface 816 can allow a user to interact with the system 830 and receive information
through the system. In some instances, the user interface 816 includes one or more
displays 822 {e.g., HMD may have a display for cach cye) and/or one or more user
mputs 824, such as a remote control, keyboard, mouse, track ball, game controiler,
buttons, touch screen, ote., which can be part of or wired or wirelessly coupled with
the systom 800,

Typically, the system 800 further includes one or more connmunication
wnterfaces, ports, transceivers 820 and the like allowing the system 800 to
commumication over a communication bus, a distributed network, a local network, the
Internet, communication link 818, other networks or communication channels with
other devices and/or other such communications or combinations thereof. Further the
ransceiver 820 can be configured for wired, wireless, optical, fiber optical cable or
other such communication configurations or combinations of such communications.

The system 800 comprises an example of a control and/or processor-based
system with the controller 812 and/or graphics processor 826, Again, the controller
812 and/or graphics processor 826 can be implemented through one or more
processors, controllers, contral processing units, logic, software and the like. Further,
m some implementations the controller 812 and/or graphics processor 826 may
provide multiprocessor functionality,

The memory 814, which can be accessed by the controller 812 and graphics

processor 826, typically includes one or more processor readable and/or computer

20,
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readable media accessed by at least the controller 812, and can include volatile and/or
nonvolatile media, such as RAM, ROM, EEPROM, flash memory and/or other
memory technology. Further, the maemory 814 18 shown as internal to the system 810;
however, the memory 814 can be internal, external or a combination of internal and
5 external memory. Similarly, some or all of the memory 814 can be internal, external

or a combination of internal and external memory of the controller 812, The external
memory can be substantially any relevant memory such as, but ot limited to, one or
more of flash memory secure digital (SD) card, wmiversal serial bus (USR) stick or
drive, other memory cards, hard drive and other such memory or combinations of

10 such memory. The memory 814 can store video content, nultimedia countent, images,

code, software, executables, scripts, data, content, coordinate information, virtual

environment coordinates, programming, programs, media stream, media files, textual

content, identifiers, log or history data, oser information and the like.

Some embodiments further include one or more put output interfaces 834
that allow the system to couple with one or more external devices, such as but not
limited to multimedia content sources, display systems, sensors and/or other such
devices. Une or more sensors 836 may additionally or aliornatively be included o the
system 800 in some embodiments. As described above, the system may receive
sensor and/or other positional information to identify a current field of view and/or

20 predict a position of the field of view. Orientation information can be received

relevant fields of view and identify corresponding sections of frames to be decoded
and displayed so that less than all of a frame is decoded.

One or more of the embodiments, methods, processes, approaches, and/or

(S
"

technigues described above or below may be implemented in one or more computer
programs execotable by one or more processor-based systems. By way of example,
such a processor based system may comprise the processor based system 804, a
computer, a set-fop-box, an television, an [P enabled television, digital media player, a
PlayStation TV, a Blu-ray player, an 1P enabled Blu-ray player, a DVD player,

38 entertainment system, gaming console, graphics workstation, tablet, camera, encoder,
decoder, HMD, virtual reality system, etc. Such a computer program may be used for

exgcuting various steps and/or features of the above or below described methods,
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processes and/or technigues. That is, the computer program may be adapted to cause
or configure a processor-based system to execute and achicve the functions described
above or below. For example, such computer programs may be used for
mplementing any embodiment of the above or below described steps, processes or
techniques to display and/or playback video content and/or images having frames that
if fully displayed would extend beyond a viewer’s field of view and/or to decode and
display portions of and less than all of cach frame consistent with a viewer’s field of
view. As anocther example, such computer programs may be used for implementing
any type of ool or similar utility that uses any one or more of the above or below
described embodiments, methods, processes, approaches, and/or techniques. Insone
embodiments, program code modules, loops, subroutines, etc., within the computer
program may be used for exccuting various steps and/or features of the above or
below described methods, processes and/or techniques. In some embodiments, the
computer program may be stored or cmbodied on a computer readable storage or
recording medium or media, such as any of the computer readable storage or
ecording medivm or media described herein,

Accordingly, some embodiments provide a processor or compuier program
product comprising a mediom configured to embody a computer program for input fo
a processor or computer and a computer program embodied in the medium configured
to cause the processor or compuier to perform or execute steps comprising any one or
more of the steps fovelved in any one or moere of the embodiments, methods,
processes, approaches, and/or technigues described herein, For example, some
cmbodimentis provide one or more computer-readable storage medivms storing one or
more computer programs for use with a coraputer sinwdation, the one or more
computer programs configored to cause a computer and/or processor based system 1o
execute steps comprising: accessing video content comprising a series of frames of
visual content configured to be sequentially played back, wherein cach frame of the
series of frames when fully decoded would extend beyond a viewer's field of view,
and wherein each encoded frame comprises multiple encoded sections of the frame;
determining, prior to a portion of a fivst frame being displayed, 8 ficld of view of the
viewer viewing the video countent; identifying, during playback of the video content

and as a function of the field of view, one or more encoded sections of the first frame
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corresponding 1o the field of view and that are to be visible to the viewer upon
dispiaying the portion of the first frame; decoding the one or more encoded sections
of the first frame that arc to be visible to the viewer upon displaying the first frame
while not decoding one or more of the encoded sections of the first frame that are not
5 to be visible to the viewer; and displaying, according to playback timing of the video
content and corresponding to when the first frame is to be displayed, the one or more
sections of the first frame that are to be visible to the viewer such that the portion of
the first frame is displayed, and wherein less than all of the first frame is decoded and
less than ali of the first frame is displayed during playback.
10 Other embodiments provide one or more computer-readable storage mediums
storing one or more compuiter programs configured for use with a computer
simulation, the one or more computer programs configured to cause a computer
and/or processor based system to execute steps comprising: accessing video content
comprising nuktiple frames of visual coutent, wherein cach of the multiple frames if
fully displayed would extend beyond s ficld of view of a viewer; applying a
octilinear projection to cach frame of the multiple frames; dividing cach of the
rectilinear projected frames into a plarahity of adjacerd sections extending over an
entire area of each of the rectilinear projected frames; and encoding, for cach frame of
the multiple frames, cach of the plurality of sections such that cach section of a frame
20 1s decodable indepondent of the other sections of the frame.
Some embodiments provide a head mounted displays (HMD) and/or other
such virtual reality display systems that allow the users to be tmmersed in a virtoal
world where the head position and direction of the user determines the content being

viewed. Besides being used for video games, HMDg can also be used to view video

(S
e

panoramas. As described above, many video panoramas are typically created using
multiple cameras caphuring footage from the same location, but pointing in different
directions. The corresponding images of the video from each camera are stitched
together. This allows the viewer the freedem 1o choose the sections of the panorama
frames to view. When viewing video pancramas, for example using an HMD or

38 through a high defimition display or television, the frames of the video are typically
dispiayed at bigh frame rates to provide a smooth, tmmersive experience. Another

aspects that can improve the user experience is capturing the videos at a high
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resolution (e.g., 1280x720p, 1920x1080p, or higher) so that the frames that are
displayed are sharp and detailed. Video sequences are often stored as encoded or
compressed bitstrears, and these are decoded and/or uncompressed before they are
available for display. As described above, however, decoding high resolution videos
at high frame rates is a computationally intensive task, and it may not be feasible even
on many currcnt processors (o effectively decode full panoramic frames and display
the bigh resohution videos at high frame rates.

Some present embodiments, however, imit the amount of a frame that is
decoded, which can allow high resohution (e.g., HD {(e.g., 1280x720p, 1920x1080p),
Ultra HD {c.g., 3840x2160p, 7680x4320p, efc.) or higher) 360 degree video panorama
bitstreams to be decoded at a fast rate, so that these video frames can be rendered and
viewed using an HMD, television, display or the hike. This typically provides the oser
with a vastly improved experience compared to low resolution or low frame rate
visuals. In some embodiments, the video capture and panorama creation system
defines each frame into multiple sections and encodes cach frame according to the

ctined sections. This aflows a displaying device to select less than all of the sections
of a panorama frame and decode the selected sections (typically independently decode
the selected sections) with nyinimal overhead. The displaying system and/or playback
device utilizes orientation information (e.g., information from a HMD s motion
sensors) to identity a user’s field of view and/or predicted position of the ficld of view
m evaluating the video panorama bitstreams created to identify sections of relevant
frames and decode those sections of the panorama video that intersect and/or are
predicted to intersect the user’s ficld of view.

By decoding a partial video panoraroa frame and not an entire panorana
frame, higher frame vendering performance can be achieved. In some embodiments,
this higher frame rendering performance can be achieved using standard processors
and often without using high end processors. Further, the decoding of less than ali of
the frame, in at least some implementations, clindvates common issues associated
with slow rendering, such as visuals not keeping up with fast head movement and/or
fast movements of the relative field of view.

Some embodiments provide systems and/or methods of converting individual

video frames from different cameras used to capture viewing angles for a 360 degree
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panorama into compressed video bitstreams that allow fast decoding when combined
with a panorams viewer such as an HMD, Methods of video bitstream creation, in
accordance with some cmbodiments, allow a display system {(e.g., HMD, computer,
television, etc.) to be used with processors that do not have the capability to decode
5 gntire 360 degree video panoramas at relatively fast frame rates, such as rates of 60H»

and greater. Position snd/or viewing information is utilized to identity a ficld of view
and/or predict a postiion of the field of view to partially decode and display the
relevant sections and/or video data corresponding to the field of view, and
significantly reduce unnecessary video decoding processes. Some embodiments

10 utilize a viewing neighborhood map or other such mapping to identify sections or

regions of a frame that may be viewed in the immediate future and has this frame data

ready to Himit and/or avoid issues with fast head movement.

This process of encoding to define sections and decoding those relevant
sections within a field of view can further be applicd to three-dimensional (3D} video
content. In some embodiments, during the panorama frame creation and/or encoding
process, cach section of a frame is made up of sicreoscopic (two views) video data.
This stercoscopic video could be encoded using a 3D video compression standard
such as Multiview Video Coding (MVC). Some embodiments comprise two images
or frames (e.g., left and right). Mapping can specity the relationships of sections
20 within cach frame, and in some tmplementation, the same mapping references both

stereoscopic frames. The selection of sections and the decoding of sections s

essentially the same but implemented for each steveoscopic frame of the 3D video.

The decoded sections for the left view are then rendered using the correct projection

to the efi {c.g., onto the loft display of the HMD) and a similar procedure is

(S
"

performed to obtain the data for the correct projection to the night (e.g., on the right
display of the HMD),

Some embodiments provide methods of playing back multimedia content,
comprising: accessing video content comprising a scries of frames of visual content
configured to be sequentially plaved back, wherein each frame of the series of frames
30 when fully decoded would extend bevond a viewer’s field of view, and whergin cach
encoded frame comprises multiple encoded sections of the frame; determining, prior

to a portion of a first frame being displayed, a field of view of the viewer viewing the
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video content; identifying, during playback of the video content and as a function of
the field of view, one or more encoded sections of the first frame corresponding to the
ficld of view and that arc to be visible to the viewer upon displaying the portion of the
first frame; decoding the one or more encoded sections of the first frame that are to be
visible 1o the viewer upon displaying the first frame while not decoding one or more
of the encoded sections of the first frame that are not to be visible to the viewer; and
displaying, according to playback timing of the video content and corresponding to
when the first frame s to be displayed, the one or more sections of the first frame that
are to be visible to the vigwer such that the portion of the first frame is displayed, and
wherein less than all of the first frame is decoded and less than all of the first frame is
displayed during playback.

Exemplary processes and/or methods are representatively deseribed above
based on one or more flow diagrams, timing diagrams and/or diagrams representing
sequences of actions and/or communications that include one or more steps,
subprocesses, comnnanications and/or other such representative divisions of the
processes, methods, etc. These steps, subprocesses or other such actions can be
performed o different sequences without departing from the spirit of the processes,
methods and apparatuses. Additionally or alternatively, one or more steps,
subprocesses, actions, ete. can be added, removed or combined in some
implementations.

While the invention heorein disclosed has been described by means of specific
embodiments, examples and applications thereof, numercus modifications and
variations could be made thereio by those skilled in the art without departing from the

scope of the invention st forth in the claims,
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CLAIMS

What is claimed is:
5 I. A method of playing back muoltimedia content, comprising:
accessing video content comprising a series of frames of visual content
configured to be sequentially plaved back, wherein cach frame of the series of frames
if fully decoded would extend beyond a viewer’s field of view, and wherein each
encoded frame comprises multiple encoded sections;
10 deternrining, prior to a portion of a first frame being displayed, a field of view
of the viewer viewing the video content;
identifying, as a fimction of the field of view, one or more sections of the first
frame that are at least partially within the field of view and where at lcast a portion of
the one or more sections are 10 be visible to the viewer upon displaying the portion of
i5 the first frame;
decoding the one or more sections of the first frame that are at least partially
within the ficld of view while not decoding one or more of the sections of the first
frame that are not within the field of view; and
displaying, according to playback timing of the video content and
20 corresponding to when the first frame is to be dispiayed, the onc or more decoded
sections of the first frame such that the portion of the first frame is displayed, and
wherein less than all of the first frame is decoded and less than all of the first frame is

displayed during playback.

(S
e

2. The method of claim 1, wherein the determining the field of view comprises
determining that the position of the viewer’s field of view is predicted to change to
include at least a portion of one or more gther sections of a subsequent frame yet to be
displayed, wherein the one or more other sections correspond to one or more
additional sections of the first frame that are not being displaved; and
30 decoding of at least the one or more other sections of the subsequent frame in

response to the predicted change in the position of the field of view.
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3. The method of claim 2, wherein the initiating the decoding of the at least
the one or more other sections of the subsequent frame comprises initiating the
decoding of one or more reference sections of one or more refercnce frames and upoen

which the subsequent frame references.

4. The method of claim 2, further comprising:

determining, in decoding the one or more other sections of one of the
subsequent frames, that a first section that was decoded in a frame previous to a first
of the subsequent frames s no longer within the ficld of view, and preventing the
decoding of the first section while decoding the at least the one or more other sections

of the first subsequent frame.

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

receiving oriendation information;

predicting, based on the orientation information and on a timing of whena
portion of a subsequent frame is to be displayed, an orieniation of the viewer’s field of
View;

identifying, based on the predicted posttion of the viewer's field of view, one
or more sections of the subsequent frame to be displayed that are anticipated to be at

least partially within the predicted position of the viewer’s ficld of view.

6. The method of any one of claims 1-4, wherein the identifying the one or
more sections of the first frame corresponding to the ficld of view comprises:

accessing a sections mapping, wherein the sections mapping coraprises section
position mformation of cach of the multiple sections of the first frame and coordinate
information across the nuthtiple sections; and

evaluating the sections mapping relative fo the ficld of view.

7. The method of claim 6, wherein the evaluating the sections mapping
comprises identifying coordinates of the coordinate information corresponding to the
field of view, and identifying the one or more soctions of the first frame that are at

least partially within the identified coordinates corresponding to the field of view,
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8. The method of claim 7, wherein the identifying the one or more sections of
the first frame that are at least partially within the identified coordinates comprises
identifying the one or more sections of the first frame that have at least a threshold

5 amount of the section within the identified coordinates.

9. The method of any one of claims 1-4, further comprising:
defining, for each of the multiple frames, the multiple scctions of each frame
such that the multiple sections extend across the entirety of a frame; and
10 encoding each of the multiple sections such that cach of the nwltiple sections
1s configured to be decoded independent of any of the other of the multiple sections of

the frame.

10. The method of claim 9, further comprising:
15 defining, for each frame of the multiple frames, coordinate information
extending over the entire frame; and
specifying coordinates from the coordinate information for cach of the

sections of the frame.
24 11. The method of claim 9, further comprising:
identifyving, for cach section of the frame, neighboring sections and defining a

mapping associating each section of the frame with cach neighboring section.

12. The method of claim 11, wherein the defining the mapping comprises:

(S
e

identifying boundaries of the frame;

identifying two boundary sections of the multiple sections, wherein a first
section of the two boundary sections has g boundary corresponding a first boundary of
the frame, and a second section of the two boundary sections has boundary
corresponding to a second boundary of the frame; and
38 defining that the fivst boundary is adjacent to the second boundary defining a

360 degree frame,
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13. The methed of claim 11, further comprising:
identifying, as a function of the field of view, onc or more other sections of the
first frame that are not at least partially within the field of view; and
decoding the one or more other sections of the first frame at a resolution lower
5 than a resolution for which the one or more sections of the first frame that are at least

partially within the field of view are decoded.

14, A method of encoding video content, the method comprising:
accessing video content comprising muftiple frames of visual content, whercin
10 cach of the multiple frames it fully displayed would extend beyond a field of view of
a VISWer;
applying rectilinear projection to cach frame of the multiple frames when the
frame is in an equircciangular format;
dividing cach of the frames into a plurality of adjacent sections such that the
15 plurality of adjacent sections of a frame extend over an entire area of the frame; and
encoding, for cach frame of the nwltiple frames, cach of the plurality of
seetions such that each seetion of a frame is decodable independent of the other

sections of the frame.

24 15. The method of claim 14, further comprising:
generating, for each of the rouitiple frames, a mapping of the sections,
comprising:
defining, for each of the multiple frames, coordinate information

extending over the entite frame; and

(S
e

identifying coordinates from the coordinate mformation for each of the

sections of the frame.
16. The method of claim 15, wherein the generating the mapping comprises
identifving, for each section of the frame, neighboring sections and defining the

38 mapping associating each section of the frame with cach neighboring section.

t7. The method of claim 16, wherein the generating the mapping comprises:

39,



WO 2016/010668 PCT/US2015/036224

10

20

(S
e

30

identifying boundaries of the frame;

identifying two boundary sections of the muitiple sections, wherein a first
seetion of the two boundary sections has a boundary comrespounding a first boundary of
the frame, and a second section of the two boundary sections has boundary
corresponding to a second boundary of the frame; and

defining that the first boundary is adjacent o the second boundary defining an

effective 360 degree frame.

18. The method of any one of claims 14-17, wherein the encoding ¢ach of the
plurality of sections comprises encoding cach section of & single frame as a separate

compressed bitstream,

19. The method of any one of claims 14-17, wherein the encoding cach of the
phurality of sections comprises arranging, for each frame, the scctions of the frame
mto a single bitstream and encoding the single bitstream such that each section of the

frame is decodable independent of the other sections of the frame.

20, The method of any one of claims 14-17, wherein the encoding each of the
phorality of sections compriscs encoding the multiple frames increasing a nomber of

Intra-coded picture frames (I-frame).

21. The method of claim 20, wherein the encoding each of the plurality of

sections comprises encoding cach of the multiple frames as an I-frame.

22, The method of any one of claims 14-17, wherein the accessing the video
content comprises accessing the video content at a resolution for each frame that is
higher than predicted to be decodable by an expected playback device, wherein the
encoding cach of the plurality of sections comprises encoding the sections such that

{ess than all of the sections of a frame are to be decoded.

23. The method of any one of claims 14-17, further comprising:

identifying one or more sections of a first frame of the multiple frames of the

-40)-
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video content, and the encoding, for at least the first frame, comprises encoding cach
of the identified one or more sections of the first frame in accordance with a first

resolution and at least a second resofution that is lower than the fivst resolution.
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