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IMPROVED NAL UNIT HEADER

SPECIFICATION

CROSS-REFERENCE TO RELATED APPLICATION

This apphication claims priority to U.S. provisional application Serial
No. 61/432,836, filed Jan. 14, 2011, titled “Improved NAIL Umt Header for
Supporting Quality/Spatial Scalability,” the disclosure of which 1s hereby

incorporated by reference m ifs entirety.

FIELD

This application relates to video compression systems, and more
particularly to systems that use scalable/simulcast/multiview video coding techniques

where two or more layers are used to represent a given video signal.

BACKGROUND

Certain commercial video compression techniques can use video
coding standards to allow for cross-vendor interoperability. The present disclosure
can be used with such a video coding standard, specifically ITU-T Rec. H.264,
“Advanced video coding for generic audiovisual services”, 03/2010, available from
the International Telecommunication Umon (“ITU”), Place de Nations, CH-1211
Geneva 20, Switzerland or http://www.atu.int/rec/T-REC-H.264, and incorporated
nerein by reference in its entirety.

An 1nitial version of H.264’s was ratified in 2003, and included coding
tools, tor example a flexible reference picture selection model, that allows for
temporal scalability. A subsequent version, ratified in 2007, added in Annex G an
extension towards scalable video coding (SVC), including techniques for spatial
scalability and quality scalability, also known as signal-to-noise (SNR) scalability.
Yet another version ratified 1in 2009, included 1in Annex H multi-view coding (MVC).

Earlier versions of H.264 were designed without paying special regards
to the requirements of later versions. This has resulted m a number of certain
architectural shortcomings, for example in the design of the Network Adaptation

Layer (NAL) Unit header, some of which are bemg addressed by the disclosed subject
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matter. Co-pending U.S. App. Serial No. 13/343,266, filed January 4, 2012, titled
“High Layer Syntax for Temporal Scalability,” the disclosure of which 1s incorporated
by reference herein in its entirety, addresses potential shortcomings at least in the
signaling of temporal scalability, while co-pending U.S. provisional patent application
Serial No. 61/451,454, filed March 10, 2012, titled “Dependency Parameter Set for
Scalable Video Coding, the disclosure of which is incorporated by reference herem in

its entirety, addresses potential shortcomings at least related to the signaling of layer

dependencies.

In H.264, a bitstream 1s logically subdivided into NAL units. Each
coded picture is coded in one or more slice NAL units. Many other NAL umit
categories are also defined for different types of data, such as, for example, parameter
sets, SEI messages, and so forth. In some cases, a NAL umt can be “parsing-
independent” in that a loss of a NAL unit may not prevent the meamngful decoding
and use of other NAL units. Accordingly, NAL units can be the placed into packets

of packet networks subject to packet losses. This use case was one of the motivations

for the introduction of the NAL unit concept over the bitstream concept known from
carlier video compression standards such as MPEG-2 (ITU-T Rec. H.262

"Information technology - Generic coding of moving pictures and associated audio
information: Video", 02/2000, avatlable from http://www.itu.int/rec/T-REC-H.262,
which 1s also known as MPEG-2 video, incorporated herein by reference).
Throughout the disclosure, syntax table diagrams following the
conventions specified in H.264 are being used. To briefly summanze those
conventions, a C-style notation 1s used. A boldface character string refers to a syntax
element fetched from the bitstream (which can consist of NAL units separated by, for
example, start codes or packet headers). The “Descriptor” column of the syntax

diagram table provides information of the type of data. For example, u(2) refers to an
unsigned integer of 2 bits length, f{1) refers to a single bit of a predefined value.
FIG. 1 shows a NAL unit header of baseline H.264 and the SVC and

MVC extensions. The baseline NAL umit header 1s part of the NAL umt syntax
specification, which is shown (101) with certain parts omitted so not to obscure the
disclosure. Specifically, the NAL unit header includes a forbidden_zero bit (102),
two bits indicating the relative importance of the NAL unit for the decoding process
(nal ref idc, 103), and five bits indicating the NAL unit type (104). For certain NAL

NY02:733135.1
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unit types, namely types 14 and 20, which are defined as slice types for scalable and
multiview coding, as indicated by the 1f{) statement (105), a further
svc extension flag bt (106) 1s included as well as either (107) a
nal unit header svc extension() (108) or a nal unit header mvc extension() (109),
as indicated (107) by the svc_extension flag.

The C-function-style references of nal;unitwheaderﬁsvc__extension()
and nal unit header mvc extension() refer to syntax tables as shown as the SVC
NAL wunit header extension (110), and the MVC NAL unit header extension (120),
respectively.

Of the SVC NAL unit header extension (110), of particular relevance
in the context of this disclosure are the following fields:

The priority 1d field (111) can be used to linearly signal the relative
importance, as determined by the encoder, of a layer relative to other layers of the
same scalable bitstream, where a laver can be any of a temporal, spatial, or SNR
scalable layer. A dependent layer has a higher priority 1d than the laver it depends
on. Priority id 1s not used by the H.264 decodimmg process definition, but can be used,
for example by decoders or Media-Aware Network Elements (MANEs) to 1dentify
NAL units not required for the decoding of a certain layer (where that layer 1s lower
in the layer hierarchy than the layer to which the NAL unit with the high priority id
value belongs). H.264 specifies certain constraints of its value based on the values of
dependency 1d, quality id, and temporal id.

The no inter layer-Pred flag (112) indicates that the layer the NAL
unit belongs to 1s not referring to any other layer for prediction. If set for all NAL
units of a given layer, this flag can indicate that the layer can be decoded without
regards of any other layer, allowing for techniques such as simulcasting.

The dependency 1d field (113) indicates the spatial layer or coarse
grain SNR scalable layer the NAL unit belongs to — the higher the value, the higher
the layer. Quality 1d and temporal 1d indicate similar propertics for SNR scalable
and temporal scalable layers.

The MVC NAL umt extension header {(120) mcludes the following
pertment fields.

Priority 1d (121) and temporal 1d (123) have similar semantics as

described above for the SVC header priortty 1d (111) and temporal 1d (115) fields.

NY(02:733135.1
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View id identifies one out of up to 1024 “views” of a multiview system, which can,
for example, be coded signals from different cameras at different geometric positions
capturing the same scene in 3D space. MVC allows for prediction across views,
based on the observation that there can be redundancies between views that can be
eliminated through prediction.

One goal during the specification of the scalable extension ot 11.264
has been to allow for the decoding of a scalable base layer by a legacy decoder that
was designed before the ratification of the scalable extension, for example by a
decoder conforming to any profile of the 2003 version of H.264. For this and other
reasons, no backward incompatible changes have been introduced to the base layer
syntax. However, there can be certamn control information related to, or even
affecting, base layer decoding in a scalable coding context (i.e. in conjunction with at
least one enhancement layer), that may be not required in context of decoding of the
base layer i 1solation and, therefore, was not included in, for example the 2003
version of H.264. Some of this information can also be relevant for MVC. Syntax for
mmformation of this category was added to the scalable extension of H.264 by, for
example, the mechanisms described next.

A first mechanism 1s the use of different NAL unit types for slice data
belonging to scalable or multiview coding, which can trigger the presence of
additional fields in the NAL unmit header, as already described.

A second mechanism 1s the introduction of a prefix NAL unit. It uses
one of the previously reserved NAL unit types, which means that a legacy decoder
that does not recognize the reserved type would 1gnore its content, whereas a scalable
or multiview decoder can interpret its content. The syntax of the prefix NAL unit
(201} 1s shown 1n FIG. 2. The NAL umit can include a store ref base pic flag (202)
indicating, among other things and only 1f additional conditions are met, the presence
of base picture marking information (203). Though the precise nature of such
iformation may not be particularly relevant for this disclosure, its content is required
for the decoding process in a scalable decoding situation.

A third mechanmism 1s known as the scalability info SEI message.
Supplementary Enhancement Information (SEI) messages, as defined in H.264,

should not mclude mformation required for the decoding process, but are intended for

NY02:733135.]
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imntormation helpful for a decoder, MANE, or other parts of the overall system layout
such as rendering.

The scalability information SEI message can be wviewed as a
description of the scalable bitstream, including aspects such as description of its
layers, inter-layer dependencies, and so forth. The syntax table of the SEI message in
the H.264 specification is approximately two pages long. Some parts of it relevant for
this disclosure are reproduced in FIG. 3. The scalability information SEI message
(301) mcludes a number of flags concermed with the scalable bitstream (i.e. all layers),
which 1s followed by an integer indicating the number of layers (302). For each of the
layers, the following fields are available.

A layer 1d (303) field provides for an identification of the layer. If can
be used, for example, to cross-reference the layer with other layer descriptions that
are located in parts of the SEI message not depicted (such as, for example, inter-layer
dependency descriptioﬁs). For example, the binding between a dependent layer and
the layer 1t depends on, within the SEI message, is established through layer id.

The pnonity 1d (304), dependency id (305), quality id (306), and
temporal id (307) fields field have a meaning similar to what was already described
1n the context of the SVC NAL unit header fields with the same name.

All three mechanisms can be described as “bolt-on” to the non-scalable
versions of H.264 (versions ratified before 2007). While preserving backward
compafibility, the design is generally not characterized as elegant, can incur an
unnecessarily high overhead for NAL units and pictures of the scalable extension, and
can have error resilience issues.

As an example of unnecessarily high overhead, when using H.264’s
byte stream syntax, the overhead for a given NAL unit in the bitstream is at least four
octets for the startcode. Similarly, when using an IP network and placing a NAL unit
into 1ts own packet, the overhead can be 40 octets or more (12 octets for the TP
header, 8 octets for the UDP header, and 20 octets for the RTP header). While
aggregation techniques as well as header compression technigues can reduce that
overhead to a certain extent, reducing overhead further and/or avoiding it altogether
would be preferable.

With respect to error resilience, FIG. 4 shows a simplhified block

diagram of a video conferencing system. An encoder (401) can produce a scalable

NY02:733135.1
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bitstream (402) comprising NAL units belonging to more than one layer. Bitstream
(402) is depicted as a bold hne to indicate that 1t has a certain bitrate. The bitstream
(402) can be forwarded over a network link to a media aware network element

(MANE) (403). The MANE’s (403) function can be to “prune” the bitstream down to

a certain bitrate provided by second network link, for example by selectively

removing those NAL units belonging to the highest layer. This 1s shown by the dotted
line for the bitstream (404) sent from the MANE (103) to a decoder (405). If the

scalable bitstream, (402) contains only NAL units of a base layer and one
enhancement layer, then, after pruning, bitstream (404) contains only NAL units of
the base layer. The decoder (405) can receive the pruned bitstream (404) from the
MANE (403), and decode and render 1t

In such an application, the potential unavailability ot a scalability
information SEI message at the MANE very early in the connection—-—ideally before
any coded slice NAL unit of any layer 1s received by the MANE 1n bitstream (402),
can have negative consequences on the decoder behavior and/or incur unnecessarily
high cost m the decoder mmplementation. For example, without knowing the

scalability structure (for example: number of layers and their dependency), the MANE
(403) may need to forward, and the decoder (405) may need to buffer and, to the
extent possible, decode all NAL units it receives, even those it will not be using for
rendering (for example because they belong to a spatial layer of a higher resolution
than the display of a handheld device). Similarly, the MANE (403) can have great
difficulty in deciding which NAL units to forward to a decoder of limited capability 1f
it receives a scalable bitstream of high complexity (many layers), but 1s aware that a
receiving decoder can process only a non-scalable bitstream or a scalable bitstream of
low complexity (few layers). An SEI message, including the scalability mformation
SEl message, can be unavailable because, for example, 1t was lost during the
transmission of bitstream (402), or because the encoder (401) decides not to send the

SEI message, for example to save the bits of the message (which 1s conforming to the

standard, although not advisable from an application design viewpoint).

A MANE also needs to maintain state, especially with respect to the

content of the Scalability Information SEI message, so to make informed decisions
about pruning. Such state can be established only by infercepting and interpreting all

such SEI messages. While most MANEs need to intercept and interpret some

NY02:733135.1
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bifstream information, such as parameter set information to make meaningtul
decistons, very few of the numerous SEI messages have any meaning to a MANLE.
Intercepting all SEI messages just to extract and interpret those few which are
meaningful for the MANE can be an onerous and computationally expensive process.
In short, H.264’s scalable and multiview syntax related to the NAL
umt header contamns several potential shortcomings as a result of the “bolt-on™ design
of the scalable and multiview extension. First, the NAL umit header for NAL units of
extension headers can be unnecessarily large. Information pertaining to picture buffer

management 1s sent mn tts own NAL umit (the prefix NAL umt), which can incur

unnecessarily high overhead. In addition, information important for certain
apphcations (such as information carried in the scalable information SEI message) are
carried 1n SEI messages, which (a) does not reflect their critical nature (SEI can be
discarded), and (b) may require unnecessary duplication of some information in, for
example, the NAL unit header (such as: dependency id, guality 1d, view 1d).
Recently, a High Efficiency Video Coding (HEVC) has been
considered for standardization. A working draft of HEVC can be found at (B. Bross
et. al., “"WD4: Working Draft 4 of High-Efficiency Video Coding”, available from
http://witp3.1tu.nt/av-arch/jctve-site/2011 07 F Torino/), referred to as “WD4”
henceforth, which 1s mcorporated herein by reference. HEVC imherits many high
level syntax features of H.264. It can be advantageous to the success of HEVC if the
potential shortcomings of H.264 descnbed above were addressed before the standard

is ratified.

SUMMARY

The disclosed subject matter provides for a NAL unit header that can
be more efficient than the one described in H.264 or WD4, and can allow for
lightweight MANE and decoder mmplementations. In conjunction with other
techniques such as a Dependency Parameter set (DPS), as described i co-pending
Serial No. 61/451,454, and embedded in a high level syntax architecture as described
m our co-pending patent application entitled *Techniques for Layered Video
Encoding and Decoding,” filed concurrently with the present application and assigned

to the common assignee, the disclosure of which 1s incorporated by reference herein,

NYO2:733135.1
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the disclosed subject matter can overcome the potential shortcomings mentioned
above.

In an embodiment, a NAL unit header includes a layer 1d. The
layer id can, for example, be represented by an integer of, for exampie, six bits. The
layer id can refer to a description of the layer located 1n table of layer descriptions.

In the same or another embodiment, the table of layer descriptions 1s
included in a dependency parameter set or a high level syntax structure serving a
purpose substantially similar to a dependency parameter set.

In the same or another embodiment, the layer description referred to be
the layer 1d in the NAL umt header includes fields for at least one of a
dependency 1d, quality 1d, view 1id, a depth map flag, and a dependent flag.

In the same or another embodiment, the depth map flag can indicate
that the layer or layers it is associated with i1s/are a depth map. Association with a
depth map, which can 1ndicate, on a per sample basis, a third dimension (depth) of a
sample, with a view, can be established usmg the view_1d.

In the same or another embodiment, the NAL unit header includes a
temporal 1d and a layer 1d. The temporal 1d can refer to a temporal sub-layer of the
(spatial/quality/view/depth-map) layer defined by the description referenced by the
layer 1d. Conceptually, this results in temporal layers not being considered layers in
the sense that they have assigned a layer id, which maps to HEVC’s architecture in
that HEVC’s version 1, currently under development, i1s expected to aliow for
temporal scalability but not spatial/quality scalability or multiview features.

In the same or another embodiment, one pre-defined value of laver 1d
1s reserved for an extension mechanism.

In the same or another embodiment, layer 1d can co-serve as an
indicatton of the positton of the layer in layer hierarchy, not dissimilar to the common

use (but not representation, constraints, or derivation mechantsm) of priority id in

H.264.

In the same or another embodiment, the NAL unit header inciudes at

least one of store ref base pic flag, and use ref base pic flag.

In the same or another embodiment, a slice header includes at least one

of store ref base pic flag, and use ref base pic flag.

NY(0Z2:733135.1
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In the same or another embodiment, an encoder can create at jeast one

NAL unit header as described above.

In the same or another embodiment, a MANE or a decoder can prune a
scalable bitstream based on the layer 1d, taking mto account that the layer 1d can

indicate the position of the layer in a layer hierarchy.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 presents syntax diagrams of NAL unit header and extensions
in accordance with H.264.

Figure 2 presents a syntax diagram of the prefix NAL unit in
accordance with H.264.

Figure 3 presents a syntax diagram of a scalability information SEI
message m accordance with H.264.

Figure 4 presents a schematic illustration of a video conferencing
system comprnising encoder, MANE, and decoder.

Figure 5 presents a syntax diagram of an improved NAL unit header in
accordance with an embodiment of the disclosed subject matter.

Figure 6 presents a schematic illustration of the layer 1d and
temporal 1d used by layers of a layer hierarchy and referencing a layer description in
a table of layer descriptions.

Figure 7 presents a syntax diagram of an improved NAL unit header in
accordance with an embodiment of the disclosed subject matter,

Figure 8 presents a schematic illustration of the layer id used by layers
ot a layer erarchy and referencing a layer description in a table of layer descriptions.

Figure 9 presents a schematic illustration of the layer id used by
simulcast layers of two layer hierarchy and referencing a layer description in a table
of layer descriptions.

Figure 10 presents a flowchart of a decoder using a NAL unit header.

Figure 11 shows a computer system for video coding in accordance

with an embodiment of the disclosed subject matter.

The Figures are incorporated and constitute part of this disclosure.

Throughout the Figures the same reference numerals and characters, unless otherwise

NY(2:733135.1
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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 1n detail with reference to the Figures, it is done o 1n connection with the

1tlustrative embodiments.

FIG. 5 presents a syntax diagram of a NAL unit header (501) in
accordance with the disclosed subject matter. The NAL unit header can include the

following flags and fields:
A forbidden zero bit (502) (for example 1 bit long, and forced to be 0)

can be included so to prevent start code emulation with certain multipiex formats,

such as MPEG-2 systems.
A nal ref flag (503) (for example 1 bit long) can be included. When

set to 1, the flag can indicate that the NAL unit is required for the decoding process.
This flag can allow a MANE and/or a decoder to identify NAL units not required for

the decoding process, and, for example, discard such identified NAL umnts 1n case of

insufticient bitrate and/or processing cycles.

A nal unit type (504), for example 6 bits long) can be included. The
nal unit type indicates the type of the NAL umit. H.264 used up aimost all of its
allocated 24 NAL umit types and required certain extension mechanism to multiplex
different NAL unit types to the same value of nal unit type; a six bit field allows for
up to 64 NAL unit types and should, therefore, help to avoid the use of such extension
mechanisms. NAL unit types can, for example, refer to parameter set NAL units of

different types (such as: dependency parameter set, sequence parameter set, picture
parameter set), slice NAL umnits of different types (such as: IDR-slice, P-slice, B-
slice), SEI message NAL units, and so forth.

For those NAL unit types referring to coded slices {(expressed by if()
statement 505), the NAL unit header can additionally include a temporal 1d (3 bits)
(506) identifying the temporal sublayer to which the NAL unit belongs. Temporal
layers have been described, for example, in Serial No. 13/343,266. Also included 1n

NAL unit headers for coded slices can be a layer 1d (506) (5 bits).

NY02:733135.1
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The fields of the NAL unit header are shown as fixed length integers or
as flags. The use of fixed length imtegers or flags has advantages from an
tmplementation and specification viewpoint in the light that the NAL unit header can
also be used as, for example, an RTP payload header. While an integer or Boolean
representation of data in the NAL unit header may be preferable from this viewpoint,
there are other considerations that can speak 1n favor of other entropy coding

mechanisms of the NAL unit header information.

FIG. 6 shows an example of the use of the improved NAL unit header
(601). In this example, the NAL unit type 1s 1, indicating a shice. Layer 1d is setf to 2,
and temporal 1d 1s set to 1, indicating a reference to a first temporal enhancement
sub-layer,

The layer 1d can be used to reference (602) an entry with the same
layer 1d (603) 1n a table of layer descriptions (604). In the entry for layer id 2 (603)
the dependency id is set to 1 and the quality 1d is also set to 1. Not shown is the
information that mdicates the prediction relationships between layers; co-pending US
patent application Sertal No. 61/451,454 (DPS) includes a detailed description of this
mformation. This reference (602} is shown in a punctuated line to differentiate the
logical referencing between the layer id in the NAL unit header and the layer id in
the table of layer descriptions from inter-layer prediction relationships, as described
later,

A Jayer structure 1s also depicted. A base layer (605) with a
temporal_1d of 0 (as indicated by “T0” in the drawing) 1s used for prediction by a
spatial enhancement layer (606), also with a temporal 1d of 0. The spatial
enhancement layer (606) 1s being referred to by a quality enhancement layer (607).
The inter-layer prediction references as shown as boldface arrows, (608) and (609).
Representations of these inter-layer prediction relationships may also be present in the
table of layer descriptions, as already mentioned.

The entry in the table of layer descriptions referenced by layer id=2
(603) refers through the values of dependency 1d and quahty i1d to the quality
enhancement layer (607) in the same way as the NAL umt de-referencing of
dependency 1id and quahty 1d was used to identify a target layer in H.264.

Also shown are numerous temporal enhancement sub-layers, denoted

as T1 or T2 (for first and second temporal enhancement sub-layer, respectively). For
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example, the quality enhancement layer {607) has two temporal enhancement sub-
layers, T1 (610) and T2 (611). Temporal enhancement sub-layers and their inter-layer
prediction relationships are depicted in dotted in contrast to the boldface lines used to
show base and enhancement layers and their inter-layer prediction relationship. The
temporal id field refers directly to the temporal enhancement sub-layer that 1s based
on base, or enhancement layer (indirectly) referred to by layer 1d.

The layer id can also co-serve as an indication of the position of a
given layer in a layer hierarchy. In the example, layer (605) has a layer 1d 0, layer
(606) has a layer id 1, and layer (607) has a layer 1d 2. A MANE or a decoder 1n
need of discarding NAL units of a layer or sub-layer can identify NAL umts
belonging to layers that can be discarded. For example, if the MANE or decoder
finds 1itself in need to discard NAL units belonging to layer (606) (1dentified by
layer id 1), then it is clear that the inter-layer prediction relationship (609) may not be
maintained and, accordingly, the MANE or decoder can also discard NAL units with
layer id larger than 1, for example layer 1d=2. The same 1s true with respect to
removing NAL units belonging to temporal sub-lavers.

FIG. 7 shows a syntax diagram of a different design of a NAL unit
header (701). The first octet can be similar to the NAL unit header shown and
described in FIG. 5. However, the second octet 1s at least partly populated by a
layer id (702), but omitting the temporal id. Zero or more bits of the second octet
can be left as reserved; shown is one such bit (703). In such a design, temporal layers
are not considered sub-layers but qualify as layers, as shown in FIG. 8. The layer
structure is similar to that of FIG. 6. However, the layer description table (801) 1is
populated by all spatial, quality, and temporal enhancement layers. Accordingly,
there are now 7 entries in the table. A NAL unit header (802) contains a layer 1d
(803), referring (804) to one entry (805) in the layer description .tabie (801). This
entry identifies, possibly among other fields, the dependency 1d, quality 1d, and
temporal id, and can be used to identify (806) the layer in all spatial, quality and
temporal dimensions. As already described, the layer description table can also

include entries for other dimensions, such as, for example, view id, and/or

depth map flag.
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The mechanism described above also supports simulcasting.

Simulcasting refers herein to a mechanism i which there can be multiple base layers,

as shown 1n FIG. 9.

In order to support multiple base layer in a layering structure, a
no inter layer prediction flag can be used to identify those layers that do not require
any other layers for inter layer prediction. The flag can be located in entries 1n the
layer description table.

FIG. 9 shows two layer structures. Base layer (901) 1s used for
prediction by quality enhancement layer (902), which, 1n turn, 1s being referred to by
a temporal enhancement layer (903). A second base layer (904) can be enhanced by a
temporal enhancement layer (905). The two base layers can differ, for example, 1n

their spatial resolution, which is one use case for simulcasting. In this example, base

' layer (904) 1s assumed to have a higher spatial resolution than base layer (901). As, in

this exampie, only temporal and quality enhancement layers are m use, the spatial size
of any enhancement layer can be the same as its respective (referenced) base layer.
As a result, available in the scalable/simulcast bitstream are two resolutions, at
different temporal and/or quality versions.

A layer description table (906) can be populated with entries (907)
(909) for the two base layers (902) (904), respectively, and with an entry (908) for
the spatial enhancement layer (903). The two base layers are identified by the
no inter layer prediction flag (910) set to 1, whereas in the layer description table
entry for the spatial enhancement layer (which can require another layer for
prediction) the no 1inter layer prediction flagissetto 0.

An encoder can control the values used for layer i1d. In the example,
the encoder has exercised this control by dividing the numbering range allowed by the

(in the example) 5 bit binary coded layer i1d field such that one base layer uses

layer 1d 0, and the other uses layer 1d 16.

Also shown 1s a NAL unit header (911), containing a layer 1d (912)
reterring (914) to the corresponding entry m the table (909), and a temporal 1d (913)
referring (915) to the selected temporal laver (905).

One potential shortcoming of H.264 with respect to the pre-SVC (pre
2007y NAL umt header syntax has been its lack of an extension mechanism. In an

embodiment, an extension mechamsm can be added by reserving a pre-defined
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layer id, for example layer i1d 31 (the highest layer 1d representable with a 5 bit
binary coded integer) as an indication that at least one more octet of NAL unit header
information follows. The syntax of this extension octet may not necessarily need to
be defined today. A decoder not comphant with a standard version before enacting of
the extension can, for example, 1gnore the extension octets,

Another potential shortcoming of H.264’s high level syntax was the
existence of the prefix NAL unit. As already described, this NAL unit can include
two flags: use ref base pic flag and store ref base pic flag. In H.264, these flags
are used for a technique known as Medium Grain Scalability (MGS). In order to
support MGS m HEVC, these flags can be located in the slice header of base layer
slices.

A use ref base pic flag can mdicate that an enhancement quality
layer picture is coded using inter layer prediction from a base layer picture. The flag
can be located 1n the slice header of a slice belonging to a base layer picture.

A store ref base pic flag can require a decoder to store the current
base layer picture in the reference picture buffer for possible later use. The
store_ret base pic flag can be located in the shice header of a slice belonging to a
base layer picture to be stored in the reference picture buffer.

The use ref base pic flag and/or store ref base pic flag can also be
located in fields in the NAL unit header, serving a similar purpose as already
described. The overhead of placing the flags in the slice header or NAL unit header
can be approximately the same.

The aforementioned syntax can be used, for example, in a decoder as
follows.

Refernng to FIG. 10, a decoder can receive and decode a coded table
of layer descriptions (1001). Co-pending US patent application Serial No. 61/451,454
(DPS) describes, among other things, a mechanism for this step. The table of layer
descriptions can be assumed to be static during, for example, a sequence (identified
by IDR pictures m all layers), or a group of pictures. Co-pending Serial No.
01/451,454describes an activation mechanism for a dependency parameter set that can
be used to ensure that a change 1n the table of layer descriptions can only occur at

well-defined points in the scalable bitstream.
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According to the disclosed subject matier, any decoder, including a
decoder incapable of decoding a scalable bitstream, can be capable of recerving and
decoding a table of layer descriptions. A decoder mcapable of decoding, for example,
a quality enhancement layer, can, by interpreting the table of layer descnption,
identify layer id values for quality enhancement layers and react accordingly, for
example by discarding all such NAL units 1t may recetve. Even a decoder incapable
of any scalable mechanism can still identify the layer 1ds of the one or more (in case
of stmulcast) independently decodable base layers.

With the laver descriptions received and decoded, the decoding of
NAL units of the layers described 1n the table of layer descriptions can commence. A
NAL unit can be received (1002). Non-shice NAL units, such as parameter set NAL
units, SEI messages, and others, can be identified (1003) by mterpreting the
nal unit type field, and can be dealt with (1004).

A slice NAL unit can contain a layer id, which can be interpreted
(10035) and can tngger, for example, decoding or discarding of the NAL unit. The
interpretation can involve, for example, de-referencing the layer 1d to address an
entry i the table of layer descriptions as already described. Based on this
information, the decoder can determine whether the NAL unit belongs to a layer that
should be decoded. This determination can invelve many opfions. For example, a
decoder can decide not to decode a NAL umit, 1f 1t 1s incapable of decoding 1f because
1t does not understand its type of layer, because it has not enough decoding cycles,
because 1t knows that a layver on which the received NAL unit depends on has been
damaged (1.e. through packet loss), the layer does not give a sufficient benefit for the
user (1.e. the screen resolution 1s too small to make rendering of the high spatial
resolution of the layer practical or helpful), and so on. Some of this options can be
static 1n the sense that they apply to all NAL units of a coded bitstream nature (1.e. a
decoder that 1s not implementing the decoding techniques for a certain enhancement
layer type can discard any NAL units that are of that type), and others can be dynamic
(1.e. NAL units of dependent enhancement layers can normally be decoded, but can be
discarded 1f the base layer 1s damaged).

Any NAL unit with a layer 1d not present in the table of layer

descriptions can be an indication of a non-conforming scalable bitstream. Many
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reactions of a decoder are possible to non-conforming bitstreams. In this situation,
one sensible decoder design can be to discard the received NAL umt.

Based on the above, a decoder decides (1006) to decode (1007} the
NAL umt, or to discard it.

Operation continues {1008) with the next NAL umt of the scalable
bitstream.

A MANE can perform simular steps, with the exception that a MANE

will normally not decode a slice NAL umit, but rather selectively forward it to

decoder(s).

The methods for video coding, described above, can be implemented
as computer software using computer-readable mstructions and physically stored
computer-readable medium. The computer software can be encoded using any
sultable computer languages. The software instructions can be executed on various
types of computers. For example, FIG. 11 1llustrates a computer system 1100 suitabie
for implementing embodiments of the present disclosure.

The components shown m FIG. 11 for computer system 1100 are
exemplary in nature and are not intended to suggest any limitation as to the scope of
use or functionality of the computer sofiware mmplementing embodiments of the
present disclosure. Neither should the configuration of components be mterpreted as
having any dependency or requirement relating to any one or combination of
components 1llustrated in the exempiary embodiment of a computer system.
Computer system 1100 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 1100 includes a display 1132, one or more mput
devices 1133 (e.g., keypad, keyboard, mouse, stylus, etc.), one or more output devices
1134 (e.g., speaker), one or more storage devices 11335, vanous types of storage

medium 1136.

The system bus 1140 link a wide variety of subsystems. As
understood by those skilled 1n the art, a “bus™ refers to a plurality of digital signal
lines serving a common function. The system bus 1140 can be any of several types of

bus structures imncluding a memory bus, a peripheral bus, and a local bus using any of
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a variety of bus architectures. By way of example and not lmitation, 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 (VLLB) bus, the Peripheral Component Interconnect (PCI)
bus, the PCI-Express bus (PCI-X), and the Accelerated Graphics Port {(AGP) bus.

Processor(s) 1101 (also referred to as central processing units, or
CPUs) optionally contain a cache memory unit 1102 for temporary local storage of
mstructions, data, or computer addresses. Processor(s) 1101 are coupled to storage
devices mcluding memory 1103, Memory 1103 includes random access memory
(RAM) 1104 and read-only memory (ROM) 1105. As is well known in the art, ROM
1105 acts to transfer data and instructions uni-directionally to the processor(s) 1101,
and RAM 1104 1s used typically to transfer data and instructions in a bi-directional
manner. Both of these types of memorntes can mclude any suitable of the computer-
readable media described below.

A fixed storage 1108 1s also coupled bi-directionally to the
processor{s) 1101, optionally via a storage control umit 1107. It provides additional
data storage capacity and can also include any of the computer-readable media
described below. Storage 1108 can be used to store operating system 1109, EXECs
1110, application programs 1112, data Hll and the like and 1s typically a secondary
storage medium (such as a hard disk) that is slower than primary storage. It should be
appreciated that the information retamned within storage 1108, can, in appropriate
cases, be mcorporated in standard fashion as virtual memory in memory 1103.

Processor(s) 1101 1s also coupled to a variety of interfaces such as
graphics contrel 1121, video interface 1122, input interface 1123, output interface
1124, storage interface 1125, and these interfaces in turn are coupled to the
appropriate devices. In general, an input/output device can be any of: 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) 1101 can be
coupled to another computer or telecommunications network 1130 using network
interface 1120. With such a network interface 1120, it is contemplated that the CPU
1101 might receive mformation from the network 1130, or might output information

to the network 1n the course of performing the above-descrnibed method. Furthermore,
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method embodiments of the present disclosure can execute solely upon CPU 1101 or
can execute over a network 1130 such as the Internet in conjunction with a remote

CPU 1101 that shares a portion of the processing.

According to various embodiments, when m a network environment,
i.e., when computer system 1100 i1s connected to network 1130, computer system
1100 can commumcate with other devices that are also connected to network 1130.
Communications can be sent to and from computer system 1100 via network 1nterface
1120. For example, incoming communications, such as a request or a response from
another device, m the form of one or more packets, can be received from network
1130 at network interface 1120 and stored in selected sections in memory 1103 for
processing. QOutgoing communications, such as a request or a response to another
device, again in the form of one or more packets, can also be stored m selecied
sections in memory 1103 and sent out to network 1130 at network interface 1120.
Processor(s) 1101 can access these communication packets stored mm memory 1103
for processing.

- In addifion, 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 m the computer software arts. Examples of computer-readable media
include, but are not lunited to: magnetic media such as hard disks, floppy disks, and
magnetic tape; opfical 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 apphcation-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 contaiming 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 1n 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 1100 can provide functionality as a result of processor(s) 1101
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executing software embodied 1n one or more tangible, computer-readable media, such
as memory 1103. The software implementing various embodiments of the present
disclosure can be stored in memory 1103 and executed by processor(s) 1101. A
computer-readable medium can include one or more memory devices, according to
particular needs. Memory 1103 can read the software from one or more other
computer-readable media, such as mass storage device(s) 1135 or from one or more
other sources via communication interface. The software can cause processor(s) 1101
to execute particular processes or particular parts of particuiai" processes described
herein, including defining data structures stored in memory 1103 and modifying 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
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 1n 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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Clamms

1. A method for video decoding, comprising:

recetving a table of layer descriptions comprnsing at least one layer
description identified by a first layer 1d; .

rece1ving a NAL unit header comprising a second layer 1d; and

determining at least one property of the layer that the NAL unit belongs to
by matching the second layer id with the first layer 1d.

2. The method of claim 1, wherein the at least one property comprises at
least one of: a dependency 1d, a quality id, a temporal 1d, a view _1d, a

depth map flag, and a dependent flag.

3. The method of claim 1, wherein the NAL unit header further comprises

a temporal 1d.

4. The method of claim 3, wherein the temporal 1d identifies a temporal

sub-layer of a layer 1dentified by the layer 1d.

5. The method of claim 1, wherein the table of layer descriptions is part of

a dependency parameter set.

6. The method of claim 2, wherein the depth map flag indicates that the

first layer the NAL unit belongs to 1s a depth map, and 1s associated with a second

layer 1dentified by having the same view 1d as the first layer.

7. The method of claim I, wheremn a predefined value for the second

layer 1id identifies the presence of extension data.

8. The method of claim 1, wherein the first layer 1d is an indication of a

position of the layer 1n a layer hierarchy.

9. The method of claim 1, wherein the NAL unit header further comprises

at least one of: a store ref base pic flag and a use ref base pic tlag.
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10. The method of claim 1, wherein the NAIL umnit header 18 a slice NAL
unit header, and the slice header of the slice camed 1n the NAL unit comprises at least

one of a store_ref base pic flag, and use ref base pic flag.

11. A method for video encoding, comprising:

determining a layer structure comprising at Ieast one layer having a first
layer 1d;

encoding a representation of the Iayer structure in a table of layers, the
table of layers comprising layer descriptions comprising at least one property of the
layer; and

encoding at least one NAL unit comprising a second layer id;

wherein the second layer 1d 1s the same as the first layer 1d.

12. The method of claim 11, wherein the at least one property comprises at
least one of: a dependency 1id, a quality 1d, a temporal id, a view 1d, a

depth map flag, and a dependent flag.

13. The method of claim 11, wherein the NAL unit header further

comprises a temporal 1d.

14. The method of claim 13, wherein the temporal 1d identifies a temporal

sub-layer of a layer 1dentified by the layer 1d.

15. The method of claim 11, wherein the fable of layer descriptions is part

of a dependency parameter set.

16. The method of claim 12, wheremn the depth map flag indicates that the
first layer the NAL unit belongs to 1s a depth map, and 1s associated with a second

layer identified by having the same view _id as the first layer.

17. The method of claim 11, wherein a predefined value for the second

layer 1d 1dentifies the presence of extension data.

18. The method of claim 11, wherein the first layer 1d 1s an indication of a

position of the layer i a layer hierarchy.
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19. The method of claim 11, wherein the NAL umt header further

comprises at least one of. a store_ref base pic flag and a use _ref base pic flag.

20. The method of claim 11, wherein the NAL unit header 1s a slice NAL

unit header, and the shice header of the slice carried in the NAL unit comprises at least

10

15

20

25

one of a store ref base pic flag, and use ref base pic flag.

21. A method for removing NAL units from a scalable bitstream,
comprising:

recerving and decoding a table of layer descriptions comprising at least
one layer description comprising at least one first layer id;

recerving a slice NAL umit compnsing a NAL unit header comprising a
second laver 1d;

removing the slice NAL unit only if the second layer 1d identifies it as

belonging to a layer to be removed.

22. The method of claim 21, wherein, the table of layer descriptions
comprises a plurality of layer descriptions each having a layer 1d, wherein no first
layer described by a first layer description 1s depending on a second layer described
by a second layer description, and wherein the layer 1d of the first layer description is

numerically lower than the layer 1d of the second layer description.

23. The method of claim 21, wherein, the table of layer descriptions
comprises a plurality of layer descriptions each having a layer id, wherein no first
layer described by a first layer description is depending on a second layer described
by a second layer description, and wherein the layer 1d of the first layer description is

numerically higher than the layer i1d of the second layer description.
24, The method of claim 22, further comprising:

after the removing of at least one NAL unit with a first layer 1d, removing

at least one NAL umt of a layer with a second layer 1id; and
wherein the second layer 1d 1s numerically lower than the first layer 1d.

25. The method of claim 23, further éomprising:
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after the removing of at least one NAL unit with a first layer 1d, removing

at least one NAL umt of a layer with a second layer 1id; and

wherein the second layer 1d 1s numerically higher than the first layer id.

26 Non-transitory computer readable media comprising a set of

> 1nstructions to perform the methods in one of claims 1 to 25.

NY02:733135.1
md 3



CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809
1/10
FIG. 1 101
)
| nal unit( Numijte:s_InﬁALunit} { C | Déscriptor |

102\/ forbi(iden_zero_b_i_t All (1)

103, 4 nal_ref ide All | u(2)

104 \_/5 pal unit type i - All ;_u(S)
NumBytesInRBSP = 0 .
nalUnitHeaderBytes = | | 1

105\_/ 1 nal umit tvpe == 14 {| nal unit type == 20) ¢

‘EOB\_’/ svcﬂextenfiop_:ﬂﬁg - Al 1 u(l)

107\_/ 1{ sve_extension flag ) S [ 1

108 " nal unit header svc extension{ ) /* specified in Annex (G */ . All

else
109 nal_unit_header mvc_extension{) /* specified in Ammex H*/ | All
nallUnitHeaderBytes += 3
/¥ NAL unit data and start code emulation prevention (not shown) */
1 ‘10>
nal unit header svc extension{ ) { | C | Descriptor |
- mi_dr_ﬂarg" oo e _ . ~ 0 |

111 A" priority_id [ Al | u(6)

112\_/ no inter laver pred flag b Al . u{1)

113, 4 dependency_id L All | u(3)

114, | quality_id Al [ ud)

115\/ temporal id L All | u(3)
use_ref base pic flag AN | u(l)
discardabie flag All | u(l)
output_fiag All | u(l)
reserved three 2hits All | a(2)

_} — ‘ l_ _L
120
)
| nal_unit_header_mvc_extension( ) { o C I}escrlptar
. pon_idr_flag All | u(l)

121\//3 priority id All | u(6)

122, | Yiew M | Al w0

123, ./! temporal id I All | u(3)
anchor pic_flag All y u(l)
inter view flag Ail u(l} -5.
reserved_one bit All | (1)




CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809

2/10

F1G. 2

(f{ na] ref ]dc, - 0) { P S

2} / store_ref hase plc flag o 2 u(1)

1 ( use ref base_plc ﬂag il store ref base plc ﬂag) &&
_hdr fiag )

203\‘/ dec ref bdsen__plc markmg() | 2

TR T T T T T T —

FIG. 3
301

)

mblhty info( pay]{}ad&ze) { S C | Descriptor
prmrity layer mfﬁ_present fiag 5 U(l)“m
5

tempo ral _id nestmg__ﬂag

u(l)

prmnty id setting ﬂag

| ——— e o T e e S SR s e ettt e e e e e pp— e ———

302, _4 7 _layers_minus] e

| fﬁl’(l-— i <=num_layers_ minusi; ; I+ ) |

30 4\/1— prio rlty_ld{ ]
| discardable flag] 1]

305, #/- “dependency_id[ i ]

e g
LB o o e e S e L s e et s m il n e el s mm s M an s aanalias maaiaians mamnaiay;

307\/ temporal 1d[1]

=
—
l
e’

~ /* more iayer descnptmn mformatlon *."

S S T T T T T T I I T T T T T R T T I T T T T T R T T  TITII TR II N N AN NI} 1 -
o -
S T EETTIT T IR TR T TN AN N TT N W Al




FIG. 4

WO 2012/096981

CA 02824741 2013-07-12

3/10

5 S
L, <t
- /
O
O
3
-q-
O
<t
1\“/
4
" o
= o
< —
=
—
-
q

Encoder

PCT/US2012/020809



CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809

4/10

FI1G. 9
001

T ol NumB st AT lt){ e e I Descriptﬂr
502, | forbidden_sero_bit — AT TR
903, 4 nal_ref flag All § (1)
504, { nal_unit type Al Jwo)
NumBytesinRBSF =0

e

000, | if(nal unit type == | || nal_unit_type == 4 || nal_unit_type == 5} {

506\/ “temporal id ALl | u(3) |
o — R R e }

W

/* NAL unit data and start code emulation prevention {not shown) */




CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809

5/10

FIG. ©

606

608 s
604
dependency_id  quality_id | :

e E E K E X £ 8 N 3

605

nal_unit_type = 1 (slice)

layer I1d = 2

 temporal_id = 1

601



CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809

6/10

FIG. 7
701
)
i nal_unit{ NumBytesInNALunit } { C | Descriptor |
' forbidden_zero_bit All [ RD
m“”""%;i“ii"l"_bref__ﬁflag AT [ a(l) : —
" nal_unit type FAE] u(6)
NumB ytesInRBSP = § B B , -
nalUnitHeaderBytes = | |
1f( ﬁal_unit_type == 1|1 nal_ umt _type == 4 || nal unit type == 5} {
702, layer id CAT [u(m)
703, - reserved . All {u()
. /* NAL unit data and start code emulation prevention (not shown) */ |
)




CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809

/10

FIG. 8

801

dep id qual id fempmid

énal_unit_type = 1 (slice) ——— —

layer id =9

802



912.

CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809

8/10

FIG. 9

903

LR R R R N R e Y P T EEYTEY AN I TTEIENAE S NS NS I TESS IS U EAS AN EI ALY SN NS LN IE NS EYES AN S I NSNS NAEE § IS Y EASANANANL LN NS SA N EE ELE AN LELSE SRRl LAl LA A AR AR SRR S L EMLAL JLE L AN SRR RN AR R YAty

900

dépe'hde'ﬁcy_id quélity_id ndep._ﬂ-ag

0 0 1
0 1 0
0 0 1 e
914,
915

911



CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809

9/10

otart

: Receive and decode table of [ayer description (from |

1001 J DPS)
e : —
Y
1002 Receive NAL unit
1004> |
1003 nal_unit type indicating o] Hancilile
Slice NAL unit? non-siice
NAL unit
Ves
Y |
1005 Interpret layer_id; decide whether NAL units of this ;
-~ layer are to be decoded at this point in time
]
identified layer
L to be decoded? -
1007 J Decode NAL unit

1008

)




CA 02824741 2013-07-12

WO 2012/096981 PCT/US2012/020809

10/10

Computer System 1100

1140

Processor(s) 1101

B Cache 1102

Memory 1103

Network

Intertace
1120

(raphics
Control
1121

Video Interface ' Pisplay
T 1132

Input Intertace Input Device(s)

Storage 1108

QOutput Interface
1124

Operating Device(s)

System
1109

EXECs 1110 |

Storage
Interface

Storage
Device(s)

Data 1111

' Storage Medium '

Storage Device
APl
Applications
1112

Figure 11



Encoder

MANE

Decoder




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - abstract drawing

