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DEPENDENCY PARAMETER SET FOR SCALABLE VIDEO CODING

SPECIFICATION

PRIORITY CLAIM

This application claims priority to U.S. Provisional Application Serial
No. 61/451,454, titled “Dependency Parameter Set For Scalable Video Coding,” filed
March 10, 2011, the disclosure of which is hereby incorporated by reference in its

entirety.

FIELD

The present application relates to video coding, and more specifically,
to the representation of information related to layered association of video sequences
n a parameter set.

BACKGROUND

Scalable video coding refers to techniques where a base layer is
augmented by one or more enhancement layers. When base and enhancement layer(s)
are reconstructed jointly, the reproduced video quality can be higher than if the base
layer is reconstructed in isolation.

Multiview coding refers to techniques where more than one “view” is
coded in its own video sequence, and the combined decoding of both sequences (in
conjunction with appropriate rendering) can offer a stereoscopic or other 3D-type
viewing effect.

There can be other forms of coding techniques where the association
and/or relationship of several video sequences is important for joint decoding and/or
rendering, for example multiple description coding.

In the following, the description refers to scalable coding for
convenience.

In scalable video coding, many forms of enhancement layer types have
been reported, including temporal enhancement layers (that increase the frame rate),
spatial enhancement layers (that increase the spatial resolution), and SNR
enhancement layers (that increase the fidelity, that can be measured in a Signal to

Noise SNR ratio).
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Referring to FIG. 1, in scalable video coding, the relationship of layers
can be depicted in the form of a directed graph. In the example presented, a base
layer (101) (that can be, for example, be in CIF format at 15 fps) can be augmented by
a temporal enhancement layer (102) (that can, for example increase the frame rate to
30 fps). Also available can be a spatial enhancement layer (103) that increases the
spatial resolution from CIF to 4CIF. Based on this spatial enhancement layer (103),
another temporal enhancement layer can increase the frame rate to 30 fps.

In order to reconstruct a 4CIF, 30 fps signal, all base layer (101),
spatial enhancement layer (103), and second temporal enhancement layer (104)
should be present. Other combinations are also possible, as indicated in the graph.

Layering structure information can be useful in conjunction with
network elements that remove certain layers in response to network conditions.
Referring to FIG. 2, shown is a sending endpoint (201) which sends a scalable video
stream (that may have a structure as described before) to an application layer router
(202). The application layer router can omit forwarding certain layers to endpoints
(203), (204), based on its knowledge of the endpoints’ capabilities, network
conditions, and so on. U.S. Patent No. 7,593,032, incorporated herein by reference in
its entirety, describes exemplary techniques that can be used for the router.

The information in each layer can be coded according to ITU-T Rec.
H.264, “Advanced video coding for generic audiovisual services”, 03/2010, available
from the International Telecommunication Union (“ITU”), Place de Nations, CH-
1211 Geneva 20, Switzerland or http://www.itu.int/rec/T-REC-H.264, and
incorporated herein by reference in its entirety, and, more specifically, to H.264’s
scalable video coding (SVC) extension, or to other video coding technology
supporting scalability, such as, for example, the forthcoming scalable extensions to
“High Efficiency Video Coding” HEVC, which is at the time of writing in the process
of being standardized. At the time of this writing, the current working draft of HEVC
can be found in Bross et. al, “High Efficiency Video Coding (HEVC) text
specification draft 6” February 2012, available from http:/phenix.it-
sudparis.ew/jct/doc_end user/documents/8_San%20Jose/wgl1/JCTVC-H1003-
v21.zip.

According to H.264, the bits representing each layer are encapsulated
in one or more Network Adaptation Layer units (NAL units). Each NAL unit can

contain a header that can indicate the layer the NAL unit belongs to.
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However, without observing multiple NAL units belonging to each and
every one of the layers, analyzing their content, and, thereby, building a “picture” of
the layers available, a router lacks mechanism to derive the layering structure as
described above. Without knowledge of the layering structure, a router may not make
sensible choices for removing NAL units belonging to certain layers.

This situation was identified during the development of SVC, and an
SEl message was introduced that describes the layering structure. SEI messages can
have the disadvantage that network elements, according to H.264, have the freedom to
remove them from the bitstream, as they are not required for the decoding process. If
an intermediate network element (205), depicted here in dashed lines, were to remove
the SEI messages, the router may not quickly obtain the layering structure and would
have to fall back to observing all NAL units and their content.

Although not critical, the layering structure should be known before
the first bit containing video information arrives at the router. The SVC payload
format for SVC, (Wenger, Wang, Schierl, Eleftheriadis, “RTP Payload Format for
Scalable Video Coding”, RFC 6190, available from http://tools.ietf.org/html/rfc6190),
incorporated by reference herein in its entirety, includes a mechanism to integrate the
SEI message containing the layering structure in the capability exchange messages,
for example using the Session Initiation Protocol (Rosenberg et. al., “SIP: Session
Initiation Protocol” RFC 3261, available from http://tools.ictf.org/html/rfc3261) and
incorporated by reference herein in its entirety. However, decoding an SEI message
requires bit oriented processing of video syntax, something a router is not often
prepared to do. Further, intercepting the SEI message coded as part of the session
signaling (in contrast to being coded in the bitstream) generally requires the router to
be in the signaling pass, which, for some routers, may not be a sensible, cost-effective
option.

Accordingly, there is a need for a data structure that does a) not require
difficult bit oriented processing, b) is available, as part of the video bitstream, early in
the bitstream transmission, and ¢) cannot be removed by an intermediary network

element without making the video bitstream non-compliant.
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SUMMARY

The disclosed subject matter provides for a Dependency Parameter Set
(DPS), that collects information pertaining to the scalable bitstream, including a
binary form of the directed graph already described, Visual Usability Information
(VUI) pertaining to all layers of the scalable bitstream, and extension mechanisms to
allow easy extensibility to future video coding mechanisms. The DPS can share the
characteristics of other parameter sets; for example, it can be sent in band or out of
band, and it can be referenced, directly or indirectly, from other parameter sets, the
slice header, or other appropriate syntax elements such as, for example, an access unit
delimiter or access unit/picture header.

In one embodiment, a Dependency Parameter Set can be part of a
video bitstream.

In the same or another embodiment, the DPS can be sent out of band,
for example as part of a capability exchange.

In the same or another embodiment, the DPS can include an ID, that
allows for the selection of a storage location in a table of DPSs.

In the same or another embodiment, the DPS can include a flag
mdicating the presence of scalability information as sent by the original sender.

In the same or another embodiment, the binary information about the
layering structure can be arranged by layers, wherein for each layer there is one layer
description.

In the same or another embodiment, the scalability information can
include an indication of the numbers of layers being described.

Each layer description can contain a flag (dependency flag) indicating
a layer being dependent or independent, and a reference to another layer (ref id) upon
which the layer directly depends on.

In the same or another embodiment, the layers can be spatial, quality,
or temporal layers,

In the same or another embodiment, the scalability information for a
spatial layer can contain a number of quality layers for at least one spatial layer.

In the same or another embodiment, the DPS can include an optional
part describing structures pertaining to multiview (that can be empty), the presence of

which can be indicated by a flag
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In the same or another embodiment, the DPS can include an optional
part describing visual usability information (VIU), that can be empty, and the
presence of which can be indicated by a flag.

In the same or another embodiment, the DPS can include an extension

mechanism using a flag.

BRIEF DESCRIPTION OF THE DRAWINGS

Further features, the nature, and various advantages of the disclosed
subject matter will be more apparent from the following detailed description of the
preferred embodiments and the accompanying drawings in which:

FIG. 1 is a schematic illustration of a layering structure of a layered
bitstream in accordance with Prior Art.

FIG. 2 is a schematic illustration of a system using layered video
coding;

FIG. 3 is a schematic illustration of a video bitstream in accordance
with an embodiment of the present disclosed subject matter;

FIG. 4 is a schematic illustration of exemplary representations of the
video bitstream in FIG. 3 in accordance with an embodiment of the present disclosed
sttbject matter;

FIG. 5 is a schematic illustration of a layering structure;

FIG. 6 is a schematic illustration of a Dependency Parameter Set
representing the layering structure of FIG. 5; and

FIG. 7 shows a computer system suitable for implementing an
embodiment of the present disclosed subject matter.

The Figures are incorporated and constitute part of this disclosure.
Throughout the Figures the same reference numerals and characters, unless otherwise
stated, are used to denote like features, elements, components or portions of the
illustrated embodiments. Moreover, while the disclosed subject matter will now be
described in detail with reference to the Figures, it is done so in connection with the

ilustrative embodiments.

DETAILED DESCRIPTION

The disclosed subject matter provides for a Dependency Parameter Set

(DPS), that collects information pertaining to the scalable bitstream, including a
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binary representation of the layer structure, Visual Usability Information (VUI)
pertaining to all layers of the scalable bitstream, and extension mechanisms to allow
extensibility to future video coding mechanisms. The DPS can share the
characteristics of other parameter sets; for example, it can be send in band or out of
band, and it can be referenced, directly or indirectly, from other parameter sets, the
slice header, or other appropriate syntax elements such as, for example, an access unit
delimiter or access unit/picture header.

FIG. 3 shows a syntax diagram, following the conventions described in
ITU-T Rec. H.264, of a Dependency Parameter Set (DPS) (301) in accordance with
an embodiment of the disclosed subject matter.

FIG. 4 shows a semantics definition, following the conventions
described in ITU-T Rec. H.264, of a DPS (401) in accordance with an embodiment of
the disclosed subject matter.

In one exemplary embodiment of the invention, the dependency
parameter set can include a Dependency Parameter Set Identification
dep parameter set id (302) (402). The dep_parameter_set_id can identify the
dependency parameter set that is referred to, for example, by a sequence parameter
set, NAL unit header, Access Unit Delimiter, picture or slice header, or other high
level syntax structure. The value of dep_parameter_set_id can, for example, be in the
range of 0 to 2, inclusive. The dep_parameter_set_id can be used, for example,
during the activation process of the dependency parameter set (which can be similar
to the activation processes of other parameter sets as described in ITU-T Rec. H.264),
and/or to identify a storage location in a dependency parameter set table, which
according to the same or another embodiment can have three entries. The fourth
value that can be represented in two bits can be reserved for future extensions.

In the same or another embodiment, a DPS can include a
scalability flag (303) (403) that, when equal to 1 can specify that at least one spatial
and/or quality layer may be present. The scalability flag equal to O can specify that
only a single spatial layer and single quality layer is present (i.e. the bitstream is not
scalable except perhaps for temporal scalability which, in H.264, is a functionality
available without the scalable extension). A side effect of this flag can be that
information pertaining to scalability information is not present when the flag is set to

ZCro.
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In an embodiment, a DPS can include a fixed or variable length
codeword representing max_spatial layers minusl (304) (404), which can specify the
maximum number of spatial layers that may be present in the scalable bitstream.
max_spatial layers minusl can be in the range of 0 to 7, inclusive. Shown in FIG. 3
is an unsigned fixed length codeword of 3 bits (indicated by u(3)), which is sufficient
to represent a range of 0 to 7.

In the same or another embodiment, a DPS can include one or more
dependency flags dependency flag[i] (305) (405) that can specify whether mnter-layer
prediction from the coded sequence with lower values of spatial id may be used for
decoding the coded slice with spatial_id equal to i+1, where spatial_id can identify the
spatial layer, similar to the dependency id syntax element in the NAL unit header of
SVC. Ifdependency flag[i} is equal to 1, inter-layer prediction may be used. If
dependency flag[i} is equal to 0, inter-layer prediction may not be used and the
spatial layer can be decoded without reference to other spatial layers, e.g., it is an
“independent layer”.

In the same or another embodiment, a DPS can include one or more
identifications of a reference layer (ref id[i]) (310) (410). ref 1d[i] can indicate the
layer which may be used directly by inter-layer prediction from slices of the layer i
(this is described in more detail in the example below). The presence of ref_id can be
dependent on the value of the dependency_flag[i], for example such that ref_id[1] is
present only if dependency flag[i] is set to 1 (311). (There is little value in signaling
a reference layer for a target layer if the target layer is independent.) Ref id can be
coded, for example, as an integer representing the layer which may be used directly
by inter-layer prediction, or as an integer representing the difference between i and the
integer representing the layer which may be used directly by inter-layer prediction.

In the same or another embodiment, a DPS can include, for example
for each spatial layer, a fixed or variable length codeword indicating a
max_quality layers minus 1+ 1 (306) (406), which can specify the maximum
number of quality layers that may be present. max_quality layers_minus_1 can be in
the range of 0 to 15, inclusive.

It should be noted here that the syntax of the DPS, as described, can
limit the flexibility of a layering structure such that a spatial layer cannot be
dependent on a quality layer. In H.264 and SVC, such a limitation can be a sensible

restriction.. However, a person skilled in the art can readily modify the disclosed
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DPS syntax to allow for greater flexibility if so desired. For example, the information
related to one layer (inside the loop (312)) can contain information about the type of
the layer (for example: spatial, quality, temporal), and an entry of the loop could be
present for each temporal, spatial and quality layer. Such a representation can be
more flexible as any layer of any layer type can be dependent on another layer of any
layer type, but less compact than the representation as shown in FIGs. 3 and 4. The
disclosed subject matter contemplates such modifications.

In the same or another embodiment, a DPS can include a
multiview_flag (307) (407) that can be equal to O if no multiview information is
present, and can be 1 if multiview information is present. The multiview_flag is
included in the disclosed subject matter because it appears likely that future video
coding standards, such as HEVC, will include multiview extensions. While the
disclosed subject matter does not present specific details regarding the nature of those
extensions, it does envision the need to place syntax elements pertaining to such
extensions in a data structure like the DPS.

In the same or another embodiment, a DPS can include a
dps_vui_parameters present_flag (308) (408) that can be equal to 0 if no DPS-level
Visual Usability Information is present, and can be 1 when such information is
present. In H.264, video usability information is an optional part of the sequence
parameter set and covers information such as the pixel aspect ratio, overscan
information, a description of the video signal type (including, among other things, the
color characteristics such as the color primaries and the transfer characteristics),
information pertaining to the chroma sampling structure, information related to the
(fixed) frame rate, and information related to restrictions in the flexibility of the
bitstream use by the encoder (such as, for example, length of motion vectors). Some
of these parameters are clearly layer dependent and may advantageously continue to
reside in a parameter set that is “per layer”, such as the sequence parameter set.
However, some of the aforementioned information may be required to be the same for
all layers. Such information can be placed in a dependency parameter set VUL The
disclosed subject matter envisions the need to place syntax elements pertaining to one
or more DPS-VUIs in a data structure like the DPS.

In the same or another embodiment, a DPS can include,
advantageously at the end, an extension_flag (309) (409), which can be equal to 0 1if

no extension is present and 1 if an extension is present. The lack of an extension
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mechanism in H.264 (2003) for parameter sets can lead to unnatural and/or limiting
work-arounds to enable functionality (often using SEI messages incurring certain
disadvantages, mentioned above) so to preserve backward-compatibility. To
henceforth avoid such work-arounds, a DPS should include a provision for an
extension mechanism even if the precise nature of the extensions is yet undefined.

Referring to FIG. 5 and 6, shown is an exemplary layer structure and
its representation in the form of a dependency parameter set, respectively. In the
example, a coded video sequence contains five spatial layers. Also included are two
quality layers. The exemplary dependency parameter set has an 1d value of 0 (612),
and includes information about scalable layers, which means that the scalability flag
(613)issetto 1.

Each layer can contain a number of coded slices, forming coded
pictures. Therefore, when henceforth referring to a first layer being dependent on a
second layer, that means that at least one slice of the first layer can have a direct or
indirect inter-layer prediction relationship from one or more slices of the second layer.
In contrast, a first layer being referred to as independent from a second layer means
that no slice of the first layer has inter-layer prediction dependency to any slice of the
second layer, implying that the independent layer can be decoded without information
of the second layer being regarded in the decoding process.

Layer 0 (501) is independent from all other layers, and, therefore, its
dependency flag (601) is 0. Accordingly, its ref id (602) (used to refer to any layer
this layer depends on) may not be present in the bitstream. This is reflected in the
syntax diagram of FIG. 3 by the if{) statement that makes the presence of ref_id
dependent on the value of the dependency_flag.

Layer 0 has two dependent quality layers, denoted Q1 (502) and Q2
(503). The possible presence of NAL units belonging to these quality layers in the
bitstream can be indicated in the DPS by setting max_quality layers_minus 1 to 2
(603).

Layer 1 {(504) is dependent on layer 0 (501). Therefore, layer 1°s
dependency_flag (604) is set to 1, and its ref_id (605) is set to 0 to indicate a
dependency to layer 0. As layer 1 has no quality enhancement layers, its
max_quality layers minus_1 (606) is set to 0.

Layer 2 (505) depends directly on layer 1 (504), and indirectly on layer
0 (501). It dependency flag (607) reflects this dependency by being set to 1, and
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ref id (608) refers to layer 1 is the layer to which a direct interlayer dependency 1s
present.

Layer 3 (506) depends only on layer O (through appropriate settings of
its dependency flag and ref id. However, it is not identical to layer 1, even if 1t has
the same dependency relationship as layer 1 (which implies the same settings for
dependency flag and ref id). One difference between layer 1 (504) and layer 3 (506)
can be their respective spatial resolution, depicted in FIG. 5 through the different sizes
of the parallelograms representing layers 1 and 3.

Layer 4 (507), is independent from all other layers. It is depicted here
as having roughly the same spatial resolution as layer 1 (504). Accordingly, the
layering structure can include more than one independent (base) layer in the same
scalable bitstream. This enables simulcasting of layers 0 and 4 to decoders incapable
of decoding bitstreams with inter-layer dependencies——often called non-scalable
decoders.

In the example of FIGs. 5 and 6, multiview does not occur, there are no
DPS-VUI parameters, and also no DPS extensions. Therefore, the respective flags are
zero (609) (610) (611).

It will be understood that in accordance with the disclosed subject
matter, the dependency parameter set techniques described herein can be implemented
using any suitable combination of hardware and software. For example, an encoder
can contain dependency parameter set encoding module that takes its input from
application requirements (e.g., bitrate available, camera parameters, cycles available
in the encoder), and optionally from a receiver population. (See e.g., U.S. Application
Ser. No. 13/010,241, filed Jan. 20, 2011, incorporated herein by reference in its
entirety). A DPS encoding module can put the DPS in the bitstrearn. In a decoder, a
DPS decoding module can extract DPS from the bitstream and use it as discussed
herein. Also, the router can include DPS decoding module, intercept DPS from
bitstream or receive it out of band, and use it as discussed herein. The software (i.¢.,
instructions) for implementing and operating the aforementioned rate estimation and
control techniques can be provided on computer-readable media, which can include,
without limitation, firmware, memory, storage devices, microcontrollers,
microprocessors, integrated circuits, ASICs, on-line downloadable media, and other

available media.

10
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Computer svstem

The methods for dependency parameter sets, described above, can be
implemented as computer software using computer-readable instructions and
physically stored in computer-readable medium. The computer software can be
encoded using any suitable computer languages. The software instructions can be
executed on various types of computers. For example, FIG. 7 illustrates a computer
system 700 suitable for implementing embodiments of the present disclosure.

The components shown in FIG. 7 for computer system 700 are
exemplary in nature and are not intended to suggest any limitation as to the scope of
use or functionality of the computer software implementing embodiments of the
present disclosure. Neither should the configuration of components be interpreted as
having any dependency or requirement relating to any one or combination of
components illustrated in the exemplary embodiment of a computer system.
Computer system 700 can have many physical forms including an integrated circuit, a
printed circuit board, a small handheld device (such as a mobile telephone or PDA), a
personal computer or a super computer.

Computer system 700 includes a display 732, one or more input
devices 733 (e.g., keypad, keyboard, mouse, stylus, etc.), one or more output devices
734 (e.g., speaker), one or more storage devices 735, various types of storage medium
736.

The system bus 740 link a wide variety of subsystems. As understood
by those skilled in the art, a “bus” refers to a plurality of digital signal lines serving a
common function. The system bus 740 can be any of several types of bus structures
including a memory bus, a peripheral bus, and a local bus using any of a variety of
bus architectures. By way of example and not limitation, such architectures include
the Industry Standard Architecture (ISA) bus, Enhanced ISA (EISA) bus, the Micro
Channel Architecture (MCA) bus, the Video Electronics Standards Association local
(VLB) bus, the Peripheral Component Interconnect (PCI) bus, the PCI-Express bus
(PCI-X), and the Accelerated Graphics Port (AGP) bus.

Processor(s) 701 (also referred to as central processing units, or CPUs)
optionally contain a cache memory unit 702 for temporary local storage of
instructions, data, or computer addresses. Processor(s) 701 are coupled to storage
devices including memory 703. Memory 703 includes random access memory

(RAM) 704 and read-only memory (ROM) 705. As is well known in the art, ROM

11
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705 acts to transfer data and instructions uni-directionally to the processor(s) 701, and
RAM 704 is used typically to transfer data and instructions in a bi-directional manner.
Both of these types of memories can include any suitable of the computer-readable
media described below.

A fixed storage 708 is also coupled bi-directionally to the processor(s)
701, optionally via a storage control unit 707. It provides additional data storage
capacity and can also include any of the computer-readable media described below.
Storage 708 can be used to store operating system 709, EXECs 710, application
programs 712, data 711 and the like and is typically a secondary storage medium
(such as a hard disk) that is slower than primary storage. It should be appreciated that
the information retained within storage 708, can, in appropriate cases, be incorporated
in standard fashion as virtual memory in memory 703.

Processor(s) 701 is also coupled to a variety of interfaces such as
graphics control 721, video interface 722, input interface 723, output interface 724,
storage interface 723, and these interfaces in turn are coupled to the appropriate
devices. In general, an input/output device can be any oft video displays, track balls,
mice, keyboards, microphones, touch-sensitive displays, transducer card readers,
magnetic or paper tape readers, tablets, styluses, voice or handwriting recognizers,
biometrics readers, or other computers. Processor(s) 701 can be coupled to another
computer or telecommunications network 730 using network interface 720. With
such a network interface 720, it is contemplated that the CPU 701 might receive
information from the network 730, or might output information to the network in the
course of performing the above-described method. Furthermore, method
embodiments of the present disclosure can execute solely upon CPU 701 or can
execute over a network 730 such as the Internet in conjunction with a remote CPU
701 that shares a portion of the processing.

According to various embodiments, when in a network environment,
i.e., when computer system 700 is connected to network 730, computer system 700
can communicate with other devices that are also connected to network 730.
Communications can be sent to and from computer system 700 via network interface
720. For example, incoming communications, such as a request or a response from
another device, in the form of one or more packets, can be received from network 730
at network interface 720 and stored in selected sections in memory 703 for

processing. Outgoing communications, such as a request or a response to another
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device, again in the form of one or more packets, can also be stored in selected
sections in memory 703 and sent out to network 730 at network interface 720.
Processor(s) 701 can access these communication packets stored in memory 703 for
processing.

In addition, embodiments of the present disclosure further relate to
computer storage products with a computer-readable medium that have computer
code thereon for performing various computer-implemented operations. The media
and computer code can be those specially designed and constructed for the purposes
of the present disclosure, or they can be of the kind well known and available to those
having skill in the computer software arts. Examples of computer-readable media
include, but are not limited to: magnetic media such as hard disks, floppy disks, and
magnetic tape; optical media such as CD-ROMs and holographic devices; magneto-
optical media such as optical disks; and hardware devices that are specially
configured to store and execute program code, such as application-specific integrated
circuits (ASICs), programmable logic devices (PLDs) and ROM and RAM devices.
Examples of computer code include machine code, such as produced by a compiler,
and files containing higher-level code that are executed by a computer using an
interpreter. Those skilled in the art should also understand that term “computer
readable media” as used in connection with the presently disclosed subject matter
does not encompass transmission media, carrier waves, or other transitory signals.

As an example and not by way of limitation, the computer system
having architecture 700 can provide functionality as a result of processor(s) 701
executing software embodied in one or more tangible, computer-readable media, such
as memory 703. The software implementing various embodiments of the present
disclosure can be stored in memory 703 and executed by processor(s) 701. A
computer-readable medium can include one or more memory devices, according to
particular needs. Memory 703 can read the software from one or more other
computer-readable media, such as mass storage device(s) 735 or from one or more
other sources via communication interface. The software can cause processor(s) 701
to execute particular processes or particular parts of particular processes described
herein, including defining data structures stored in memory 703 and medifying such
data structures according to the processes defined by the software. In addition or as
an alternative, the computer system can provide functionality as a result of logic

hardwired or otherwise embodied in a circuit, which can operate in place of or
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together with software to execute particular processes or particular parts of particular
processes described herein. Reference to software can encompass logic, and vice
versa, where appropriate. Reference to a computer-readable media can encompass a
circuit (such as an integrated circuit (IC)) storing software for execution, a circuit
embodying logic for execution, or both, where appropriate. The present disclosure
encompasses any suitable combination of hardware and software.

While this disclosure has described several exemplary embodiments,
there are alterations, permutations, and various substitute equivalents, which fall
within the scope of the disclosure. It will thus be appreciated that those skilled in the
art will be able to devise numerous systems and methods which, although not
explicitly shown or described herein, embody the principles of the disclosure and are

thus within the spirit and scope thereof.
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CLAIMS
We claim:

1. A method for video decoding, comprising:

receiving at least one Dependency Parameter Set (DPS); and

determining at least one inter-layer dependency based on the received DPS.
2. The method of claim 1, wherein the DPS further includes a representation of a
layering structure in binary form.
3. The method of claim 1, wherein the DPS further includes a flag indicating a
presence of a layering structure in binary form.
4. The method of claim 1, wherein the DPS further includes a flag indicating the
presence of a multiview structure.
5. The method of claim 1, wherein the DPS further includes a flag indicating the
presence of Visual Usability Information pertaining to a plurality of layers.
6. The method of claim 1, wherein the DPS further includes a flag indicating the
presence of an extension of the DPS.
7. The method of claim 1 wherein the DPS further includes a value indicating a
number of layer descriptions.
8. The method of claim 2, wherein the representation of the layering structure
comprises two or more of layer descriptions corresponding to two or more layers.
9. The method of claim 8, wherein at least one of the two or more layer
descriptions includes a flag indicating that the layer depends, through mter-layer
prediction, on another layer.
10.  The method of claim 8, wherein a layer description pertaining to a first layer
of the two or more layers includes an identification of a second layer of the two or
more layers, and wherein the first layer depends on the second layer through inter-
layer prediction.
11 The method of claim 8, wherein the two or more layer descriptions comprise
spatial layer descriptions.
12. The method of claim 11, wherein the layer description pertaining to a first
layer of the two or more layers includes information about at least a second layer of

the two or more layers which depends on the first layer.
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13. The method of claim 12, wherein the first layer is a spatial layer, and the
information is a number of quality layers of the two or more layers depending on the
spatial layer.
14, The method of claim 9, wherein in at least two of the two or more layer
descriptions, the flag indicating that the layer depends, through inter-layer prediction,
on another layer, indicates no inter-layer prediction.
15. A method for video encoding, comprising:
selecting a layering structure;
encoding at least one Dependency Parameter Set (DPS) including a
representation of the layering structure in a binary format; and
performing one of: including the encoded DPS in a bitstream, or sending the
encoded DPS out of band.
16. A non-transitory computer readable medium comprising a set of instructions
to perform the methods in one of claims 1 to 15.
17. A system for video commmunications comprising:
a decoder configured to:
receive at least one Dependency Parameter Set (DPS);
decode the at least one DPS; and
determining at least one inter-layer dependency based on the received
DPS.
18. A system for video communications, comprising:
an encoder configured to:
select a layering structure;
encode at least one Dependency Parameter Set (DPS) including a
representation of the layering structure in a binary format; and
perform one of: including the encoded DPS in a bitstream, or sending

the encoded DPS out of band.
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301>
dep parameter set tbsp( ) { Descriptor
302,_4 dep_parameter_set id u(2)
303,_4 scalability flag u(l)
if( scalability flag) {
304_4  max_spatial layers_minusl u(3)
312/ for( 1= 0; 1 <= max_spatial layers minusl; i++ ) {
3054 dependency_flag] i | u(l)
311 A if (dependency flag[ 1])
310 ref id[i] u(3)
306,/ max_quality layers minus 1[i] u(4)
}
}
307_4 multiview_flag u(l)
if{ multiview flag ) {
// undefined
}
3084 dps_vui_parameters_present_flag u(l)
if( dps_vui_parameters_present flag ) {
// undefined
}
309 extension_flag u(l1)

if( extension_flag ) {

// undefined

}

;

Figure 3
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401

3

402, _~dep parameter set_id identifies the dependency parameter
set. The value of dep_parameter set _id shall be in the range
of 0 to 3, inclusive.

403_scalability flag equal to 1 specifies that multiple spatial
and/or quality layers may be present. scalability flag equal
to 0 specifies that only a smgle spatial layer and single
quality layer is present,

404\/max__spatialﬂ_layers__minusl + 1 specifies the maximum
number of spatial layers that may be present.
max_spatial layers_minus] shall be in the range of O to 7,
mclusive.

405,_ependency_flag[i] specifies whether inter-layer
prediction from the highest quality layer of the coded
sequence with spatial id equal to i may be used for
decoding the coded slice with spatial id equaltoi+ 1. If
dependency_flag[ 1] is equal to 1, inter-layer prediction may
be used. If dependency flagf 1] is equal to 0, inter-layer
prediction may not be used.

410 ref_id[ 1] indicates the spatial_id of the layer the subject
layer directly depends on.

406,_max_quality_layers_minus_1 + 1 specifies the maximum
number of quality layers that may be present for the spatial
layer with spatial id equal to i. max_quality layers_minus_1
shall be in the range of 0 to 15, inclusive.

407, _multiview_flag shall be equal to 0.
408, _dps_vui_parameters_present_flag shall be equal to 0.
409 _extension_{flag shall be equal to 0.

Figure 4
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