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devices, personal digital assistants (PDAs), laptop computers, desktop computers, video

game consoles, digital cameras, digital recording devices, cellular or satellite radio
telephones, and the like. Digital video devices can provide significant improvements
over conventional analog video systems in processing and transmitting video sequences.
[0004] Different video encoding standards have been established for encoding
digital video sequences. The Moving Picture Experts Group (MPEGQG), for example, has
developed a number of standards including MPEG-1, MPEG-2 and MPEG-4. Other
examples include the International Telecommunication Union (ITU)-T H.263 standard,
and the ITU-T H.264 standard and its counterpart, ISO/IEC MPEG-4, Part 10, i.c.,
Advanced Video Coding (AVC). These video encoding standards support improved

transmission efficiency of video sequences by encoding data in a compressed manner.

SUMMARY
[0005] In general, this disclosure describes video processing techniques that make
use of syntax elements and semantics to support low complexity extensions for

multimedia processing with video scalability. The syntax elements and semantics may
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video data in a network abstraction layer (NAL) unit, and include one or more syntax
clements in the NAL unit to indicate whether the NAL unit includes enhancement layer
video data.

[0010] In an additional aspect, the disclosure provides a method for processing
scalable digital video data, the method comprising receiving enhancement layer video
data in a network abstraction layer (NAL) unit, receiving one or more syntax clements
in the NAL unit to indicate whether the NAL unit includes enhancement layer video
data, and decoding the digital video data in the NAL unit based on the indication.
[0011] In another aspect, the disclosure provides an apparatus for processing
scalable digital video data, the apparatus comprising a network abstraction layer (NAL)

unit module that receives enhancement layer video data in a NAL unit, and receives one

or more syntax elements in the NAL unit to indicate whether the NAL unit includes
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[0016] FIG. 2 is a diagram illustrating video frames within a base layer and
enhancement layer of a scalable video bitstream.

[0017] FIG. 3 is a block diagram illustrating exemplary components of a broadcast
server and a subscriber device in the digital multimedia broadcasting system of FIG. 1.
[0018] FIG. 4 is a block diagram illustrating exemplary components of a video
decoder for a subscriber device.

[0019] FIG. 5 is a flow diagram illustrating decoding of base layer and enhancement
layer video data in a scalable video bitstream.

[0020] FIG. 6 is a block diagram illustrating combination of base layer and

enhancement layer coefficients in a video decoder for single layer decoding.
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digital video data.

[0029] FIG. 16 is a block diagram illustrating an apparatus for decoding scalable

digital video data.

DETAILED DESCRIPTION
[0030] Scalable video coding can be used to provide signal-to-noise ratio (SNR)
scalability in video compression applications. Temporal and spatial scalability are also
possible. For SNR scalability, as an example, encoded video includes a base layer and
an enhancement layer. The base layer carries a minimum amount of data necessary for
video decoding, and provides a base level of quality. The enhancement layer carries
additional data that enhances the quality of the decoded video.
[0031] In general, a base layer may refer to a bitstream containing encoded video
data which represents a first level of spatio-temporal-SNR scalability defined by this
specification. An enhancement layer may refer to a bitstream containing encoded video
data which represents the second level of spatio-temporal-SNR scalability defined by

this specification. The enhancement layer bitstream is only decodable in conjunction
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arapvaddye[SO/8C Miheng Picture Experts Group (MPEG), as the product of
partnership known as the Joint Video Team (JVT). The H.264 standard is described in
ITU-T Recommendation H.264, Advanced video coding for generic audiovisual
services, by the ITU-T Study Group, and dated 03/2005, which may be referred to
herein as the H.264 standard or H.264 specification, or the H.264/AVC standard or
specification.

[0035] The techniques described in this disclosure make use of enhancement layer
syntax elements and semantics designed to promote efficient processing of base layer
and enhancement layer video by a video decoder. A variety of syntax elements and
semantics will be described in this disclosure, and may be used together or separately on
a selective basis. Low complexity video scalability provides for two levels of spatio-
temporal-SNR scalability by partitioning the bitstream into two types of syntactical
entities denoted as the base layer and the enhancement layer.

[0036] The coded video data and scalable extensions are carried in network

abstraction layer (NAL) units. Each NAL unit is a network transmission unit that may



decoder may decode only the base |ayer or the base
| ayer plus the enhancenent |ayer if the enhancenent
wo ag0en1s1g9 rel i ably recei ved and/ or subject to PCTES2007/065550
criteria. [0033] In general, this disclosure describes
vi deo processing techni ques tRat make use of syntax
el enents and senantics to support | ow conpl exity

BRLARTLARBOb Bl L R B B REGEDR0 sl Pty SAL unis carry

aigHd Ib@@hhﬁertd@tamﬂ lehhaReiinantliyprdeRs Th Bge afpdctdof thealilosure,
bltstrean1fornat and encodi ng process that port | ow

fethe leu@ésdn@;cwba@mwlwonfqmst@ﬁbe Hs%@ééwg stapgard.
Oérq Ceﬁfbu%ﬁﬁn?@le@ B Hqusctlo%u#ermg 1109|¥Yﬁ ‘fc? Sg%re%lbésy of NAL

€0 § ensi ons for ‘devi
otibke nvgsecralo thedirsn Hyee 6fheNWI 264t iantladeka lbadéathatendiombethe type of

Xt ensi Qns nmay represen en nmodi fi catiops for
gﬁ? i Beerk PBlﬁsTg? Tt pg I\(%Ltuﬁg CW@BWﬁP%‘E@%

&rr&d Ogc‘Mﬁg %g)@%ndl[:ﬁgc?ﬂ)] thd H@ad'é'r 26k 51,3893 dinte pe is a five-bit
devel ope TU- T Video Codi ng Experts G ol nd

t/étiee thSO!nldEa@teruc nfthiricetwr diffexque NASL @mtypes( MPEG)ch Iase are

%WE‘E jhurpe? Fosal €F affadraryd Nab of il GRS i TP of or
mf?@%hél&'ﬂ Nn%?ﬂhcaﬁgﬂ el vl Aget i YeQlsed to indicate that

generlc audi ovi sual * services, by The’l U—T Stud
@?\bupumamﬁncﬁapb@htm/smm@c Ntk whit ralympeinchfde rerlbfdwt:ment layer

f
DTN PP R B oci 7 catt on, [ 0035] The

[(IBBMIII qUER tdeskayedtgdtredm kitax shdaneatitenmakaluse mdy generally
enhancenent | ayer syntax el enents and senantics

ERIEPH KRNy @pbp%ﬁ@n(@fr@,l sufle the Hoddsdansdgrds possaalis spbjged o some
Mtrgﬂﬁa ﬁ)lel % aifls C&ggmp%pﬁarﬁétgte&tsdﬁgf F]WG VbBaffF RameFlag
syn

variety o ax e enent senmanti cs
cemt to Madquencd parsmdics sdtosiay daveafigmeraybsbenlysap ¢qoetonkeand

S SF R Ly S SELLY e i ESTREELLN v
%@?Jgﬂtnre% W?gnlgﬁggéﬁﬁédQQ;tﬁlh H}étcfégltu@% Eﬁ‘fciet%ﬂér RGppgoilow

ypes of syntactical entities
danpiteity adensims fasadtascelabityl Férexemhkenthememantiayod metwork
abstraction layer (NAL) units carrying enhancement layer data can be modified, relative
to H.264, to introduce new NAL unit types that specify the type of raw bit sequence
payload (RBSP) data structure contained in the enhancement layer NAL unit.
[0038] The enhancement layer NAL units may carry syntax elements with a variety
of enhancement layer indications to aid a video decoder in processing the NAL unit.
The various indications may include an indication of whether the NAL unit includes
intra-coded enhancement layer video data at the enhancement layer, an indication of
whether a decoder should use pixel domain or transform domain addition of the
enhancement layer video data with the base layer data, and/or an indication of whether
the enhancement layer video data includes any residual data relative to the base layer
video data.
[0039] The enhancement layer NAL units also may carry syntax elements indicating
whether the NAL unit includes a sequence parameter, a picture parameter set, a slice of

a reference picture or a slice data partition of a reference picture. Other syntax elements
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[0042] As mentioned above, scalable video coding provides two layers: a base layer
and an enhancement layer. In some aspects, multiple enhancement layers providing
progressively increasing levels of quality, e.g., signal to noise ratio scalability, may be
provided. However, a single enhancement layer will be described in this disclosure for
purposes of illustration. By using hierarchical modulation on the physical layer, a base
layer and one or more enhancement layers can be transmitted on the same carrier or
subcarriers but with different transmission characteristics resulting in different packet
error rate (PER). The base layer has the lower PER. The decoder may then decode

only the base layer or the base layer plus the enhancement layer depending upon their

availability and/or other criteria.
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the incoming data emitted from the microprocessor looks like a single layer of data, and
can be processed as a single layer by the hardware core. Hence, in some aspects, the
scalable decoding is transparent to the hardware core. There may be no need to
reschedule the modules of the hardware core. Single layer decoding of the base and
enhancement layer data may add, in some aspects, only a small amount of complexity in
decoding and little or no increase on memory requirement.

[0047] When the enhancement layer is dropped because of high PER or for some
other reason, only base layer data is available. Therefore, conventional single layer
decoding can be performed on the base layer data and, in general, little or no change to
conventional non-scalable decoding may be required. If both the base layer and

enhancement layer of data are available, however, the decoder may decode both layers
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[0050] In this disclosure, bi-directional predictive (B) frames may be encoded in a
standard way, assuming that B frames could be carried in both layers. The disclosure
generally focuses on the processing of I and P frames and/or slices, which may appear
in either the base layer, the enhancement layer, or both. In general, the disclosure
describes a single layer decoding process that combines operations for the base layer
and enhancement layer bitstreams to minimize decoding complexity and power
consumption.

[0051] As an example, to combine the base layer and enhancement layer, the base
layer coefficients may be converted to the enhancement layer SNR scale. For example,
the base layer coefficients may be simply multiplied by a scale factor. If the
quantization parameter (QP) difference between the base layer and the enhancement
layer is a multiple of 6, for example, the base layer coefficients may be converted to the

enhancement layer scale by a simple bit shifting operation. The result is a scaled up
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[0054] Broadcast server 12 may include or be coupled to a modulator/transmitter
that includes appropriate radio frequency (RF) modulation, filtering, and amplifier
components to drive one or more antennas associated with transmission tower 14 to
deliver encoded multimedia obtained from broadcast server 12 over a wireless channel.
In some aspects, broadcast server 12 may be generally configured to deliver real-time
video services in a terrestrial mobile multimedia multicast (TM3) systems according to
the FLO Specification. The modulator/transmitter may transmit multimedia data
according to any of a variety of wireless communication techniques such as code
division multiple access (CDMA), time division multiple access (TDMA), frequency
divisions multiple access (FDMA), orthogonal frequency division multiplexing

(OFDM), or any combination of such techniques.
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coef icients may be converted to the enhancenment | ayer

BRRes@asystenFod mgy amgbhids, any number of subscriber devices 16A, 16B within a

given coverage arca. Notably, multiple subscriber devices 16A, 16B may access the
same channels to view the same content simultancously. FIG. 1 represents positioning
of subscriber devices 16A and 16B relative to transmission tower 14 such that one
subscriber device 16A is closer to the transmission tower and the other subscriber
device 16B is further away from the transmission tower. Because the base layer is
encoded at a lower PER, it should be reliably received and decoded by any subscriber
device 16 within an applicable coverage area. As shown in FIG. 1, both subscriber
devices 16A, 16B receive the base layer. However, subscriber 16B is situated further
away from transmission tower 14, and does not reliably receive the enhancement layer.
[0058] The closer subscriber device 16A is capable of higher quality video because
both the base layer and enhancement layer data are available, whereas subscriber device
16B is capable of presenting only the minimum quality level provided by the base layer
data. Hence, the video obtained by subscriber devices 16 is scalable in the sense that

the enhancement layer can be decoded and added to the base layer to increase the signal
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higher frame rate of 30 frames per second. To support encoding at different quality
levels, base layer 17 and enhancement layer 18 may be encoded with a higher
quantization parameter (QP) and lower QP, respectively.

[0061] FIG. 3 is a block diagram illustrating exemplary components of a broadcast
server 12 and a subscriber device 16 in digital multimedia broadcasting system 10 of
FIG. 1. As shown in FIG. 3, broadcast server 12 includes one or more video sources 20,
or an interface to various video sources. Broadcast server 12 also includes a video
encoder 22, a NAL unit module 23 and a modulator/transmitter 24. Subscriber device
16 includes a receiver/demodulator 26, a NAL unit module 27, a video decoder 28 and a
video display device 30. Receiver/demodulator 26 receives video data from
modulator/transmitter 24 via a communication channel 15. Video encoder 22 includes a

base layer encoder module 32 and an enhancement layer encoder module 34. Video
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wireless reception of the NAL units transmitted by broadcast server. In some aspects,
broadcast server 12 and subscriber device 16 may be equipped for two-way
communication, such that broadcast server 12, subscriber device 16, or both include
both transmit and receive components, and are both capable of encoding and decoding
video. In other aspects, broadcast server 12 may be a subscriber device 16 that is
equipped to encode, decode, transmit and receive video data using base layer and
enhancement layer encoding. Hence, scalable video processing for video transmitted
between two or more subscriber devices is also contemplated.

[0064] NAL unit module 27 extracts syntax elements from the received NAL units
and provides associated information to video decoder 28 for use in decoding base layer

and enhancement layer video data. NAL unit module 27 may be a separate component

as shown in FIG. 3 or be embedded within or otherwise integrated with video decoder
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hen executed in a machine, the codes cause the machine to perform one or more
aspects of the techniques described in this disclosure. The machine readable medium
may comprise random access memory (RAM) such as synchronous dynamic random
access memory (SDRAM), read-only memory (ROM), non-volatile random access
memory (NVRAM), electrically erasable programmable read-only memory (EEPROM),
FLASH memory, and the like.
[0067] FIG. 4 is a block diagram illustrating exemplary components of a video
decoder 28 for a subscriber device 16. In the example of FIG. 4, as in FIG. 3, video
decoder 28 includes base layer/enhancement layer entropy decoder module 40 and base

layer/enhancement layer combiner module 38. Also shown in FIG. 4 are a base layer

plus enhancement layer error recovery module 44, and inverse quantization module 46,
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{edwdl ybtimeyspoaly the mernetp ayighbe baseadicshancemgaidayer data is
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enhancement layer data is present for a frame or rnacroblock Vldeo decoder 28 is able
to produce higher quality video for application to post processing module 50 and
display device 30. If enhancement layer data is not present, the decoded video is
produced at a minimum quality level provided by the base layer.

[0070] FIG. 5 is a flow diagram illustrating decoding of base layer and enhancement
layer video data in a scalable video bitstream. In general, when the enhancement layer
is dropped because of high packet error rate or is not received, only base layer data is
available. Therefore, conventional single layer decoding will be performed. If both base
and enhancement layers of data are available, however, video decoder 28 will decode
both layers and generate enhancement layer-quality video. As shown in FIG. 5, upon

the start of decoding of a group of pictures (GOP) (54), NAL unit module 27 determines

whether incoming NAL units include enhancement layer data or base layer data only
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the frequency of I frames is not larger than one frame per second, the extra complexity
is not significant. If the frequency is more than one I frame per second, e.g., due to
scene change or some other reason, the encoding algorithm be configured to ensure that
those designated I frames are only encoded at the base layer.

[0074] If the existence of both I, and I, at the decoder at the same time is affordable,
I. can be saved at a frame buffer different from Iy,. This way, when I is reconstructed as
a P frame, the memory indices can be shuffled and the memory occupied by Iy, can be
released. The decoder 28 then handles the memory index shuffling based on whether
there is an enhancement layer bitstream. If the memory budget is too tight to allow for
this, the process can overwrite Ie over Ib since all motion vectors are zero.

[0075] After decoding the I frames (64, 66) and memory shuffling (68), combiner
module 38 combines the base layer and enhancement layer P frame data into a single

layer (70). Inverse quantization module 46 and inverse transform module 48 then
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gl?f?etr%%p lT?lte %itp?lt is the combined decoded base and enhancement layer data, which
produces an enhanced quality level relative to the base layer, but may require only
single layer processing.

[0079] In general, the base and enhancement layer buffers 86 and 98 may store the
reconstructed reference video data specified by configuration files for motion
compensation purposes. If both base and enhancement layer bitstreams are received,
simply scaling the base layer DCT coefficients and summing them with the
enhancement layer DCT coefficients can support a single layer decoding in which only
a single inverse quantization and inverse DCT operation is performed for two layers of
data.

[0080] In some aspects, scaling of the base layer data may be accomplished by a

simple bit shifting operation. For example, if the quantization parameter (QP) of the
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enhancement layer coefficients as represented by COEFF = SCALED BASE COEFF +
ENH_COEFF (104). In this manner, combiner 38 combines the enhancement layer and
base layer data into a single layer for inverse quantization module 46 and inverse
transform module 48 of video decoder 28. If the base layer MB co-located with the
enhancement layer does not have any nonzero coefficients (NO branch of 102), then the
enhancement layer coefficients are not summed with any base layer coefficients.
Instead, the coefficients for inverse quantization module 46 and inverse transform
module 48 are the enhancement layer coefficients, as represented by COEFF =
ENH_COEFF (108). Using either the enhancement layer coefficients (108) or the
combined base layer and enhancement layer coefficients (104), inverse quantization

module 46 and inverse transform module 48 decode the MB (106).
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enhancement | ayer data, video decoder 28 perforns base
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IRYEAL uMitdl@Rrying base layer video, due to distance from transmission tower 14,
interference or other factors. From the perspective of broadcast server 12, however,
base layer video and enhancement layer video are sent without regard to the inability of
some subscriber devices 16 to receive both layers.

[0085] As shown in FIG. 8, encoded base layer video data and encoded
enhancement layer video data from base layer encoder 32 and enhancement layer
encoder 34, respectively, are received by NAL unit module 23 and inserted into
respective NAL units as payload. In particular, NAL unit module 23 inserts encoded
base layer video in a first NAL unit (110) and inserts encoded enhancement layer video
in a second NAL unit (112). To aid video decoder 28, NAL unit module 23 inserts in
the first NAL unit a value to indicate that the NAL unit type for the first NAL unit is an
RBSP containing base layer video data (114). In addition, NAL unit module 23 inserts
in the second NAL unit a value to indicate that the extended NAL unit type for the
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[0087] If residual data is present in the enhancement layer (124), NAL unit module
23 inserts a value in the second NAL unit to indicate the presence of residual
information in the enhancement layer (126). In either case, whether residual data is
present or no, NAL unit module 23 also inserts a value in the second NAL unit to
indicate the scope of a parameter set carried in the second NAL unit (128). As further
shown in FIG. 8, NAL unit module 23 also inserts a value in the second NAL unit, i.e.,
the NAL unit carrying the enhancement layer video data, to identify any intra-coded
blocks, e.g., macroblocks (MBs), having nonzero coefficients greater than one (130).
[0088] In addition, NAL unit module 23 inserts a value in the second NAL unit to
indicate the coded block patterns (CBPs) for inter-coded blocks in the enhancement
layer video data carried by the second NAL unit (132). Identification of intra-coded

blocks having nonzero coefficients in excess of one, and indication of the CBPs for the
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C I

B B ARGFAEpORUR B soblBcefife Bler 10 Hha RESRRETL pprposes.
[0089]/] RALGn &ahpla thy edencd aerhamdenicustayat datgin a NAL unit may
conmbi nation of base |ayer and. enh nc 1 ayer .
BB GRS PYITEY CRE e BRERI 2500 AY ﬁdwﬁwtﬁs 1) gppligation
Basgic X erunk b @h%h %‘ib%ftfchpd'r BRI ﬁo@ééphses?)%ﬁﬁe& 0A Value of

i'nverse quantization 80 and inverse transformtion 82,
ealgumt wpei invier wspepibet fange 60H. 20 dug. ea zwluanﬂS(D aebs esed to

tran predi ctio dule 4 vel F G
AT THEN ek yPautar s NATSBRG K S emen

f &emsf f188” i80he NARNESERLHAIn @ chted &J&@ﬂﬁ@ aplslfc'aﬂsn sﬂe@lﬁc NAL unit
produce "t he decoded base | ayer P franme output.

shalat @ftetrﬁedll\é@fle vcmxﬂ BtBsSH éieavguthfamlsmlh@m@\ﬂ@d ext@h@mhetb@ may
st u SC 8 t
n§¥t%ﬁ %ﬁlecaéeu g_lile ev e é ﬁﬁe e n an Ccee %ﬁl'eell%{il%y& (ﬁla ?he syntax

clegitht ‘@kAtied nh0 Qﬂﬁ]tyﬂ'éﬂ’aﬁdlcﬁtbﬁtlﬁ@)aﬂﬁdlab@qﬁ df anﬁncernent layer
coefficients and the enhancenent |ayer coefficients
e inglygled énther vk ugite summed in adder 90 to produce

@fggg negArpﬂﬁ?ca 6 §f ﬁ&ﬁ?‘r\g&%@({&oh&&%rshgﬁﬁ% e g €l dornaéli or

data 1's subjec 0 1 nverse quan ation
aacfomydosmsan tiddinsh araydiciindic84d batie syhar ckumamed by

der. 96 resi dual, data fr mbuffe[ The ouf put
RGeSt ots ek Bbs RS AR Bt @af?peﬁlﬂmms?@qr An
fRt@tioNdF %Hetﬁéﬂgﬂg RSd RN BNRPPGER AR ddh¥nd BVl layer may be
relative to the base | ayer, but may require only

pionisled by dlyesynprxodessit figfin 0078 mb rflagsh émahdlcatm dfastea blocks
ﬁa?vqnge Irl]ohnaz[c]f:oec%%ﬁllcieln%y snd iIblH‘El fC%’PSma%gs bEM gilca%dl%ayy syntax e?ernen?s such as
“enh_intral6x16_macroblock cbp()” for intra 16x16 MBs in the enhancement layer
macroblock layer (enh_macroblock layer), and “coded block pattern” for intradx4
mode in enh_macroblock layer. Inter CBP may be indicated by the syntax element
“enh_coded block pattern” in enh _macroblock layer. The particular names of the
syntax elements, although provided for purposes of illustration, may be subject to
variation. Accordingly, the names should not be considered limiting of the functions
and indications associated with such syntax elements.
[0091] FIG. 9 is a flow diagram illustrating decoding of a scalable video bitstream to
process a variety of exemplary syntax elements to support low complexity video
scalability. The decoding process shown in FIG. 9 is generally reciprocal to the
encoding process shown in FIG. 8 in the sense that it highlights processing of various
syntax elements in a received enhancement layer NAL unit. As shown in FIG. 9, upon

receipt of a NAL unit by receiver/demodulator 26 (134), NAL unit module 27



reconstructed reference video data specified by
configuration files for notion conpensati on purposes.

wo toobotdizbase and enhancenent | ayer bitstreansP@Er/ES2007/065550
received, sinply scaling the base |ayer DCT
coefficients and summing themaith the enhancenent
| ayer DCT coefficients can support a S|ngle | ayer
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E]fAIdlﬁhﬁcon[tﬁﬁ)sB&ﬂhah&nfeﬁﬂﬁy&S\QQ@d &ata EIGB).I Ifgloﬂfdeéd'&r D@é@phes base
| ayer data may be acconpllsh by a sinple bit

ke viflepyprepessiagionly, (1B8)r 1EndAb unltftYIteﬁédléi@l‘;ﬁﬁ @ﬁll@a@%@m layer
%5 ﬁiﬁ%ﬁ %ag%% I\%eﬁtg? 3R ﬁﬁl]ykés i NALGNIS t% &B‘gg&ﬁ%r syntax

nhancenen
Peichts abdoeiacwavbitinthd ebhaeeinamelayawmkieerdaaﬁ Cﬁmﬂthtioaylwyntax
pressed

dat S
@g’ﬁ‘%%\%ﬂ% Sogi iy in p&ﬂ%&% ﬁ%lqnﬁ én%rﬁsﬂ}(ﬁ gscoga@quj'b@)ﬁéﬁ% base
agsﬁgnd%ﬁaﬁaa&ehn%ya%&d @yer coefficient Chase and

it to the original enhancenent | ayer
H982F i cifemex@aplh, NAhdinQendduled? dgfemtisey \Iwbethwkn sihancement

uant.i,za tion. applied t nt.
RiovodT st SERAL yRf wiRl BlieaPugtTal Fer DS R R g he
pREQICBAF kL 98rt1‘ﬁf:ntt&§§ﬁx gyt dd1de. epNRIAGRIERNAL @iehodule 27 parses
coefficients in a video decoder. As shown in FIG 7,

NaNARunit o deite szn?ta&l ekegwms n@@cmmlmlndﬁ pbes er tranpéyrm domain
aci(fiit?on 9@&1 b%%d 8 1213lle‘fi’l %gnc}/lliaggcf glqlgg,gx./h?ecd%)l; presence of

recelrve Yy Su SCTI evice

fesfdanediteint the M&ianumént $ewet BXnéik£o® (14%),i and ivﬂ@tﬁeﬂg pMAneter set is
unit extension ty

| f base and enhancenent er
ydgratedgad dhg @op@e&hﬁ SramQr sefefil ¢ Dyl an ?ﬂoéiiuk“o% also detects
%ﬂ%ﬁé&%ﬁ?\ﬁg ?deﬁ{l{}m%ﬁ drg%g?érﬁi @g&l ﬁ%}ﬁ%@i&ggdcﬁdégﬁ&&t%&mepman
mm:(rléb) make ¢NBhcdrast dayyr, not zartax clombiits tndicetiag (CBIR)for the inter-

SR RE A U dySroceBll &R G 8572 S G I fterminatons
PEARELN O UANESTEn e AR 05 By puins
toaflda ddceder8ffor ugehie decpdimgtht ddseMBy¢rb9d nhancement layer video
data (154).

[0093] In the examples of FIGS. 8 and 9, enhancement layer NAL units may carry
syntax elements with a variety of enhancement layer indications to aid a video decoder
28 in processing the NAL unit. As examples, the various indications may include an
indication of whether the NAL unit includes intra-coded enhancement layer video data,
an indication of whether a decoder should use pixel domain or transform domain
addition of the enhancement layer video data with the base layer data, and/or an
indication of whether the enhancement layer video data includes any residual data
relative to the base layer video data. As further examples, the enhancement layer NAL
units also may carry syntax elements indicating whether the NAL unit includes a
sequence parameter, a picture parameter set, a slice of a reference picture or a slice data
partition of a reference picture.

[0094] Other syntax elements may identify blocks within the enhancement layer

video data containing non-zero transform coefficient values, indicate a number of



[0082] In this case, the coefficients for inverse

guanti zati on nodul e 46 and i nverse transform nodul e 48
wa@e@7tiia2sum of the scal ed base | ayer coeffi ci PCL/BESANT065550

t he enhancenent | ayer coefficients as represented by

COEFF = SCALED BASE CCEFF + ENH COEFF (104). In this

rmnner conbi ner 38 conbi nes the enhancenent | ayer and

base n faor pyerse
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bieipuotvidedtin emhaﬁm:lﬂém lder Bd. unisessee o amish onilbadtohtediBelow.

t he enhance | ayer coefficie , repr esent ed
ﬁ&ﬂs SoEFE xamelgy c%r%/_l@tg) ayeg@nﬁ@x gm RV Higscrr)lbe(? In greater

@&Q@W%&cu&ﬁbf@ bf ﬁ%c gtidie k&l‘%ﬁlcg 108 asf)&@s 51y H@cﬂ@gd above,

base | ayer and enent | ayer coeffic ent's
Nesteursts maydﬁuszdmn oworing ahéd/od 6eca)|dd1g qfvmﬂtamedltaailasit Urctndmg base

[ sividin fad el Feh oot oo fts b ey iggrers Syntax

Md ShicRagbE ﬂhe 'eﬁﬁéi{c%éﬁ’ttl@ye’# NA hﬁf&s\’m@i b@ih%@ﬁﬂn@ Y tHeDEX
el ements to support |ow conplexity video scalability.

sth@dav@r Howsvayihthouldbemmrat taatosreskilingdn tleaprt Hapothglunits may

n han . vid dat. .
Phbieh, FRerikOy SEIRSHERAD il Re i RO LB r it
CA0TRNAGALET) thE OypERIfirOn bitGe@iciicd PayleRQRBYP) tdbe structure

enhancenent | ayer video data.. In general, the syntax
eMdHBer & angnbanceasBtlyer i beRtinti cs, my be generated

? 9tkfla_1 YR Ené}yldmfeeenﬁ% ceftid gﬁfr%gﬁtgg db&ilgléé—mutﬂi (ﬁsorl)(g Per .may be

nsMissi on Trom broa erver 0 subscrib
dirrachsrized éyé(x\amspéreead\h%mamncs amiddwl cendBexitgrye.g.eby Snng\léllayer

5%'0%111{% ‘ﬁghg are@?@éﬁgvéﬁﬁgk aéfgﬁéynlf’%'d%wi %ﬁp %C&W@%ﬁ &ish
tdiep ot itichsy, aRd ARP Isb%tyl s9Rtag @fe%efn'tscfo{r\'@fhlaﬂaérﬁetﬁ gfer

may i ncl ude enhiancenent |ayef video data. Ot her syntax
bitenkon1$ caded bleslo patéare GBR) uehanesnaté byei Ineat MBr(d3R) and new

L i et aged ccutans et o R AN e oing tables
fhateaharemb@daydd Ived MBsS NAL units. One or nore syntax
[0097] For low overhead, slice and MB syntax specifies association of an
enhancement layer slice to a co-located base layer slice. Macroblock prediction modes
and motion vectors can be conveyed in the base layer syntax. Enhancement MB modes
can be derived from the co-located base layer MB modes. The enhancement layer MB
coded block pattern (CBP) may be decoded in two different ways depending on the co-
located base layer MB CBP.
[0098] For low complexity, single layer decoding may be accomplished by simply
combining operations for base and enhancement layer bitstreams to reduce decoder
complexity and power consumption. In this case, base layer coefficients may be
converted to the enhancement layer scale, ¢.g., by multiplication with a scale factor,
which may be accomplished by bit shifting based on the quantization parameter (QP)

difference between the base and enhancement layer.



elements may be included in a first NAL unit including

base | ayer video data, a second NAL unit including
wenivancarent | ayer video data, or both to indiPEr/ES100E065550

presence of the enhancenent |ayer video data in the

second NAL unit. [0084] The tax el enments and

semantics wll be described in greater detail bel ow

t roce S, illustrated with res t
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enhancenent |ayer video will both be transmtted.

fiRfiely sqtting mae b8 et thepetucgeline dafra gbyiflag =Fdktejopable single layer
g&%fi#@L 1§ SasE athgr)éllplgo peﬁl%{neﬁtyf%f !Iflﬁaqﬁ%P #l# ehf?ancernent layer.
ce ower , I'n e or

on1transn1SS|on rence
Dhisevill nacidressclyFaftt Viteal pedlstpesich Weugh thy aad 0dBE are coded at the
ﬁ ép@ylz however, base |l a er vi deo and en ancenent

ALREY-allepgdiaryinfra MBS Prdgirdy ¢3TAG tRAHLY fRpearing
fﬁ uﬁ%nﬁé{%CJdd%ﬁlaQ% bsczﬁ% n&@se'ﬁgtl(l@ Fc?l't X@th@ ‘%gnﬁlﬁ EHRwever,

085] As shown in 8, encoded base | aye
tditna_iatre reb dbagetd ] emhadbl&’rmnmdbd\jkﬂreandleo data fr om

r encoder 32 and .enhancenent r d
BTB0L, G Hb R e n AP D ORIt V! 1RG0 S GMB CBP
8dithd REGIdES S ihat Be HERRBEA i ¥BhNOEm &1 4y%r Rfirad8Y ] Oasbffidithts is
particular, NAL unit nodule 23 insert's encoded base

flefjnsd basadenn base kayei hugta ingsa_16mi 6 pl(eﬂl_p@))n arndcs. nlr:leer grdlancement
FRSSRE NIRRT TRk Gy S Bl RS SRl Ahgh co-tocured

baxs @dyles MBI cbelnfCas6 1, ﬁiAhhlum tHe ‘tﬁtsésladybteAC Qod:ﬂﬁidieﬁ@taee hdralll zero,
the NAL unit type for the first NAL unit is an RBSP
H@ﬁflbﬁ“}??ﬂ’ﬁmﬂa%f‘é ”Iltﬁ%Lé px1f €BB indecadedaceprdingtodddpt i Hyntax

el TR BRI R ALYkl AT 0 ke ot indicats
tﬂ’mﬁsthe@ﬁficbobﬁiclamm df ths carncsRR&EM g mat@abhickhgn thelasclaparsice are
a e i deo.dat a 1 The val u be associ at ed
woh rbéﬁ%e.%en%( 16 Qﬁ%%@é e TGRS aljg5ro. NAEW gRPEoach
ﬁa!asi Bk Bredddddno %Hmrth@ﬁﬁrad%u%%bgﬁhpﬁamlemat bagh SiteMBht layer
units containing base |ayer video data and enhancement

MB srpattitiheed dee & subaMB gettitions direndisgaindpbelayérdema intra_16x16
@ﬁg §33|n should be initiated by video decoder 28.
88X er bitstream may fol l ow the exact H. 264

|0r?2|[]ﬁ]td 3 Egﬁrlzlﬁﬁ&ﬂ‘fenf RgcemhaneB TBH mhRBE prdvidedttd SRU¥IFB¥hich of the
six 8x8 blocks, luma and chroma, contain non-zero coefficients. The enhancement layer
MB CBP is decoded in two different ways depending on the co-located base layer MB
CBP. In Case 1, in which the co-located base layer MB CBP

(base_coded block pattern or base cbp) is zero, the enhancement layer MB CBP
(enh_coded block pattern or enh_cbp) is decoded according to H.264. In case 2, in
which base coded block pattern is not equal to zero, a new approach to convey the
enh coded block pattern may be provided. For the base layer 8x8 with nonzero
coefficients, one bit is used to indicate whether the co-located enhancement layer 8x8
has nonzero coefficients. The status of the other 8x8 blocks is represented by the
variable length coding (VLC).

[00102] As a further refinement, new entropy decoding (CAVLC tables) can be

provided for enhancement layer intra MBs to represent the number of non-zero



enhanced bitstream syntax el enent, e.g.,
"extended _nal _unit _type" in the NAL unit header. From
wo b@7paiteds of view of video decoder 28, the sSyPCEKS2007/065550
element in a NAL unit header such as "extension flag"
i ndi cat es an enhancenent |aye?> bitstreamand triggers
appropriate processing by the video decoder. [0086] If
t he.enhancenent | ayver data,i udes intra-caoded, (I
O PE B SRR R oS3 38m HEE I B RPN Lert_token
el R@ilrepdbdne tHemubhiter SLEH2EoNBk flofints frOmioNdil6arevilfitthat there
presence of intra data (120) in the enhancenent | ayer
taoacociiieiqnh wdthrazeméide lger haintl . Moy ataz plegapnt grthgoeft token 17
KR E L ok it RE3 AEER0TE b Qe O AR B kb 1.
geceand(dNALcasfii tokics 1ME assmdin, appadimimily bé heedse docudc WAl total
unit is reliably _received by subscriber device 16, In
By hrof agageragstiicasnts 4l thr Rumbe Rl ftallngae copidicliiss The
e b8eff %l?en;(b~ Wis l(iéc]oﬁétd u%oﬁ@bﬁtb%%ﬁ{ 9LE3aAESBased on context.

Inserts a syntax el ement value 1n the second NAL unit

{091D3di datles diseloher, bt aldnweohtidasiec fodyeantevireted aslsicaified in

nd enhanc t .|ayer video.data shau] d be perforJyred
ool B e v o Eians i BRI o arssycd i clause S
8eihe P2 a10st Y akh JARIRINcRE Cdcbb &M M RN BSE THiMatd, 3YBhing
encoder 34. [0087] If residual data is present in the

pioketvee prdincipaliasing(relayynshipaimaynbe infeseigled a9 8pdcisesrin slagse 6 of
talﬁ‘.%zi Qaﬁ(ra?d.second NAL unit to indicate the presence
of ‘residual i'nformation in the enhancenent | ayer

(00263] |IAddtiddady, foade, purpistd el thisepédfiedtiod atha félfowing definitions
present or no, NAL unit nodul e 23 also inserts a val ue
M3y epRlys dBe famase lapet 2ongrally deferstte a drstrepsp prntyhing encoded

PR HED Shiaenfilty B s (tF oF SRABTaMrab SR ity Bncd by
thisgretisicational Albascatch bitssaond dbAldabiieibly, anly .complittexidAticd
[ [ t h t | id data, t
percls fpidhey ol 2T SBaRE oI Be e Lot ge ot obl bcks
MBS hyerAR¥LBGIcPRBERY &0GO8 i bl ERhRhIW R £t egﬂeﬁ Ro OMNiRdicates that

B
(130)° [0088] In addition, NAL unit nodule 23 inserts
all vhthe A G eocfhacnte obmdo-Maiatedmdcretdodknditbabase ldyer ersdetd.

mgﬁcg ; ?sgl{l]t%x ern%%z Bgsoe agler}in%{a_l 6% ﬂﬁ’(lj’e(m/l&?ekfg aivra]lrigbng which
indicates the prediction mode of the co-located Intra_16x16 prediction macroblock in
the base layer. The syntax element BaseLayerIntral 6x16PredMode has values 0, 1, 2,
or 3 which correspond to Intra 16x16_Vertical, Intra 16x16_Horizontal,
Intra_16x16_DC and Intra_16x16_Planar, respectively. This variable is equal to the
variable Intral6x16PredMode as specified in clause 8.3.3 of the H.264 standard. The
syntax element BaseLayerMbType is a variable which indicates the macroblock type of
a co-located macroblock in the base layer. This variable may be equal to the syntax
element mb_type as specified in clause 7.3.5 of the H.264 standard.

[00106] The term base layer slice (or base layer slice) refers to a slice that is coded
as per clause 7.3.3 the H.264 standard, which has a corresponding enhancement layer
slice coded as specified in this disclosure with the same picture order count as defined
in clause 8.2.1 of the H.264 standard. The element BaseLayerSliceType (or

base layer slice type) is a variable which indicates the slice type of the co-located slice



| ayer video data carried by the second NAL unit (132).

Identification of intra-coded bl ocks having nonzero
weomifilxapent s in excess of one, and indi cati onP@f/U$1987/065550
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Wageﬁlilqmqnﬁemﬁ Haheigremaydreiidamticaldadic dediption qfcﬁéb-macroblock
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particul ar names of the
than that of the H.264 standard.

Enhancement Layer Syntax

RBSP Syntax
[00110] Table 1 below provides examples of RBSP types for low complexity video
scalability.
Table 1
Raw byte sequence payloads and RBSP trailing bits
RBSP Description
Sequence parameter set RBSP Sequence parameter set is only sent at the
base layer
Picture parameter set RBSP Picture parameter set is only sent at the




syntax el enents, although provided for purposes of
illustration, may be subject to variation.

waewonditegl y, the nanes shoul d not be consi derBdI/US2007/065550
limting of the functions and indications associ ated
with such syntax elements. [0Y01] FIG 9 is a flow
dlagran1lllustrat|ng decodlng of a scal abl e video
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whet her presence of residual data in the enhancenent
Paet%w 811 gy bapecsenty asycteraier ditehp sYntax p semantes %féhe RBSP
h% ? ted and the scope of the paraneter set (148).

unit nodul e 27 al so detects syntax el enments
[0dam3B]i T yiHegrésehccorcbsade b ek s/nwixt dlemang ef ©particular listed

coefflc nts greater than one (150) in the enhapce
%ﬁ&e@wﬂdﬁ% therwRtax apA droaptios @?@Brﬂgsqceﬂte RSP data
0 \Y
%t“‘&%f.@ sl cel e AR
se(v), me(v), ce(v), that may generally conform to the descriptors specified in the H.264

standard, unless otherwise specified in this disclosure.

Extended NAL Unit Syntax
[00114] The syntax for NAL units for extensions for video scalability, in accordance

with an aspect of this disclosure, may be generally specified as in Table 2 below.

Table 2
NAL Unit Syntax for Extensions



provided by the syntax el ements, NAL unit nodul e 27
provi des appropriate indications to video decoder 28

wo o00708829 n decodi ng the base | ayer and enhancR@®EN$2007/065550
| ayer video data (154). [0093] In the exanples of

FIGS. 8 and 9, enhancenent | r NAL units may carry
synt ax el ements vvlth a varl ety of enhancenent | ayer
Uﬁ IHII&‘B Ith VI UCU UCLUUCI LO I 1 |JI O0CEesSI1G B
nﬁl@f e NAR ) ol es. the vari ous i ndi cat | dns| RRggTiPtor

|n®rlmden_aam_blmd| cat| on of whether the NAL unit | adl|utles

I nhdl @efc@ded enhancenent Iayer vi deo data, an All | u(2)

|ngaj1g§1g wg/*%uawg@@ﬂer a oecooer shout 0 use pi X A [ u5)

UUIIClI 1

rederve d Olliijl IIDI UI III UUIIClI || aut,u lI UII UI l IIC CIIIIJKH naiﬁt
: nd/or—an
i nGI'@SP1-67 of whether the enhancenent Iaver vi ded |d4Pa
i nél \wdesionddye resi dual data relative to the base |ayer
Vi deguOalfe afS T urther exanpies, the ennancement, i al}(g)r

NAL units also may carry syntax el ements i ndica IAillng

whet FEFVAHEONRIS uni t | ncl udes a sequence par anetAgr|, u(@)

plp@%re paraneter set, a slice of a reterence pictjure
reference hIPfH o

A

gpa_sl_l_c—e_dai_a_papt_l_t_l_en_oi_a
[0‘694] O her syntax el enents may |dent|fy bl ocks

Wt Btighdédel aﬂlha,@eerrent I fayer video data contai pipg u()

rancf ciant val Hes- Lndi ecat
LAY o g LA AT W~

aDUr P SFBIEr & coetf1clents in intra coded bl ocks in

thefoe(nhan&eﬂ‘rﬁm}neﬂﬂyﬁrunwﬂe)q data wth a magnitude

nnlnnl hi r\l/ nat

‘f\l/‘
—O1

g A ST P SRR pee RS EVAN FEFRS

video

dat a. "PRyBTH NupREeslRBIBels provided in FIGS. 8 AAd |9®)

shoul tsmbite[DemBpessiRBePed |imiting. Many additi padl| b®)

synt ax+-ed enents and semantics may be provi ded | n

ennan&ﬁﬁﬁi@ﬁ_pie@e\ﬁ%n ﬂh&‘é&b?’t@'/’f Rual R O Wﬂl ch Wil I‘ﬁ f(8)
I

UI DL}U? CSJ UCI UV, [ YVUIO] E)\allpl TS UI CIIIIaIIbCIICII _YCI

[SSVZal i~ SVARYY now he HQ"PFI bed in greater detaillwitlh
~J oottt t

di scuPg- e[alflmgﬁ?ﬁfql{ﬁg 'd semantics. Ln some ashédt|d®

as descri bed above NAL units may be used in epcodi ng

and/ or decoding of nultinmedia data, including pase

'gyer video data and enhancement |ayer video data.| In

suchrtases, the general syntax and—structure of the
enhancenent | ayer NAL units may be the sanme as the
[80268] In the above Table 2, the value nal_unit_type is set to 30 to indicate a

particular extension for enhancement layer processing. When the nal unit type is set to
a selected value, e.g., 30, the NAL unit indicates that it carries enhancement layer data,
triggering enhancement layer processing by decoder 28. The nal unit_type value
provides a unique, dedicated nal unit_type to support processing of additional
enhancement layer bitstream syntax modifications on top of a standard H.264 bitstream.
As an example, this nal unit type value can be assigned a value of 30 to indicate that
the NAL unit includes enhancement layer data, and trigger the processing of additional
syntax elements that may be present in the NAL unit such as, e.g., extension_flag and
extended nal unit type. For example, the syntax element extended nal unit type is
set to a value to specify the type of extension. In particular, extended nal unit type
may indicate the enhancement layer NAL unit type. The element

extended nal unit type may indicate the type of RBSP data structure of the



standard. However, it should be apparent to those

skilled in the art that other units may be used.
w@\doenmaed vely, it is possible to introduce neRCT™MBE2007/065550

unit type (nal _unit_type) values that specify the type

of raw bit sequence payload (RBSP) data structure

contained in an enhancenent |ayer NAL unit. [0096] In

ner al he hance | .ayer 1t ax, descri bed in
PG rnedd 8o P REGR R pf B e S SRGlMg0 gy mav
sIvRNthe CB2@Ndad davd. coptcelle symaricd will B¥ dSicribbe il @¥&tr detail
decodi ng. Enhancenent nacrobl ock | ayer syntax nay be
treueherethisAs¥lasyreni gh conpression efficiency, and may
speci fy syntax el enments for enhancenent | ayer
Intra_16xl 6 coded bl ock patterns (CBP), enhancenent
| ayer | r8liee HNBdEBFyntand new entropy decodi ng usi ng

cont ext adapt.ive yari.able |ength codi ng (CAVLC) . cading
[odlpel i T ahitrane Belifesagnsre ARGCECRBEYC1} gg@lﬁe legflcn syfax can
0¥ 8&iRads sEdTEc18Rn YEL1S BAtRYow PO} %ﬁ%m@f%%s%!r E’He: ARaffement

an enhancenent | ayer slice to a co-located base |ayer
blyercsdice Wedudoid médrepreddingt inbormabide shagbd deovéditomehbt cr-bocated
%%n be cpnveyed in the base | ayer syntax. Enhancenent
*H¢es'%an be derived fromthe co-located base |ayer
MB nodes. The enhancenent | ayer MB coded bl ock pattern
(CBP) may be decoded in two different ways dependi ng
on the col ocated base | ayer MB CBP. [0098] For | ow
conpl exity, single |layer decoding may be acconplished
by sinply conbi ning operations for base and
enhancenent | ayer bitstreans to reduce decoder
conpl exity and power consunption. In this case, base
| ayer coefficients may be converted to the enhancenent
| ayer scale, e.g., by nultiplication with a scale
factor, which may be acconplished by bit shifting
based on the quantization paranmeter (QP) difference
bet ween the base and enhancenent |ayer.[0099] Al so,
for low conplexity, a syntax elenent refne intra nb
flag may be provided to indicate the presence of an
Intra MB in an enhancenent |ayer P Slice. The default
setting may be to set the value refne intra nb flag ==
O to enable single |ayer



decoding. In this case, there is no refinenment for

Intra MBs at the enhancenent l[ayer. This will not
wa@edwensaby affect visual quality, even though PEEUSIWDT/E65550

MBs are coded at the base |ayer quality. In

particular, intra MBs ordinarily correspond to newy

appearing visual information and human eyes are not

sensitive to it at the beghgg' However, refine

[ aé ovi ded for extension.

intra nb flag = 1 can st
[ 00100] For high conpr§i§Fk“3 ¢ ?Eﬁéfcy, enhancenent

ﬁﬁ%ﬁ&?ﬂ@ﬁﬂbf{enhancenent | ayer Intra 16x1 6 | C | Descriptor

coljgkkLeqtg Is defined based on base | ayer Iuga ev)

i ntPa”16x" 6 predicti on nodes. The enhancenent |Fayef

| Nt fhagdbxhd MB cbp is decoded in two different nwayg.y
ndinag ad_h a C:

a NB-_chn e

oy c3 Y-8 cbp-
1, picrpawhibtethset ke base | ayer AC coefficients ar¢2nof ug)l
[ZeT 0, t1Te emTancenent tayer 1 nmtra_16xi 6 CBPT$ _defouded
acEHrd™y to H 264. A syntax el ement (e.qg., 2 u(v)
BageliayeeAeCoapt H-cent SAl | Zero) may be provided as|a
Tla.tht |mnfzsil|)cates T al! the AC coeTT|C|ent_s orft )e

2 u(v
zer Gfl plr@asesed, Nieksbiiethpit e base | ayer AC
coer T lj]e(ftgfpﬂt gfde@rcgt @)Itt{)rﬂze_r Ol a new appr oach may ?e PG(Y)

nr-onL nt v 101 0~ L
Pl Uvi ucsu U UUIIbe LA Y2 LA %S L UANAT U \J”P- LI Pul

t hé_enhancenent |aver MB is partitioned into 4 sub-M
parft pi¢_b@aScnt ependil 3G 'adita haseddrayers bdisriad yxt r a|16x| 6
ﬁTEqEEITﬁﬁjEEg————TUUIUIT‘EﬁﬁEﬁE@ﬁﬁﬁr—rﬁy€F—rmEeg\N%)

GBR .uymggr gﬁ?&ed to—specty—whi-ch—ef—the—si

A4

. | M J
bl ockgic_arqgrareggadilaehk&nicld @sniad) n non- zer o

ot Srent Loty dependi-ng om +he—co-+octted, base
|l ayer MB CBP. In Case 1, in which the co-|ocafed base
Iamf&mygﬁgﬁgcggﬁggmgggsd_block_pattern or bas¢ cbp) is

Zz0or o0 anhaneconnn Aavynyr ND _CDD
ZC1T0; cTre— e e Tty ©f VO — DOt

(enhredodad pslwck pattern or enh cbp) is decodgd |ue
ac GOLAh NG d0 H264. Tn case 2, in which )

ap i e haytroslicohvely It he enh_coded_block_patterh may be

provrletgnggmraFﬁﬁ the base | ayer oXxo W tTh nonzero 5 f(1)

slice gqp_delta 2 se(v)

The element base layer slice may refer to a slice that is coded, e.g., per clause 7.3.3. of
the H.264 standard, and which has a corresponding enhancement layer slice coded per
Table 2 with the same picture order count as defined, e.g., in clause 8.2.1 of the H.264
standard. The element base layer slice type refers to the slice type of the base layer,
e.g., as specified in clause 7.3 of the H.264 standard. Other parameters for the
enhancement layer slice including reference frame information are derived from the co-
located base layer slice.

[00117] In the slice header syntax, refine intra MB indicates whether the
enhancement layer video data in the NAL unit includes intra-coded video data. If

refine_intra MB is 0, intra coding exists only at the base layer. Accordingly,



coefficients, one bit is used to indicate whether the

co-l ocat ed enhancenent | ayer 8x8 has nonzero
weomifitxapent s. The status of the other 8x8 bl cRKBFUS®07/065550

represented by the variable | ength coding (VLC).

[00102] As a further refinemeht, new entropy decoding

(CAVLC tables) can be provided for enhancenent | ayer

& nber. . oL
O Serb T R R RRE e MR o Brsfing dyn MR s L e coded
Video ata i preine AEGYth BitfbaCoR ?ér dnakRderlad&ongenn 1dyeRr BSRBcase, the
t he nunber of nonzero coefficients fromO to 16
pirhvrdecnt {ayst inflgslets Gag b pracsasefl it pretrincovbe hastalgrirtinige data.
| arger than 1. The syntax el enent enh coeff token 17
represents that there is at |east one nonzero
coef f BlicecDatavBymitaxragni t ude | arger than 1. In this case
h_coeff token 17), a standard appr.oa ch wi]l be use

E@q&i%]coa%n PR GHiBBI RS OB &%%%ﬁFlufJ’@Fié%? gblegB

gyt he nunber of trailing one coefficients. The enh
coeft token (0-16) is decoded using one of the eight
VLC tabl es based on cont extTablO3B03] In this
di scl osure, various abbiStice Bat:oSigntaxe to be
interpreted as specified in clause 4 of the H 264

%m§@Q@QQMOanventlons may be interpreted as spgci b@gﬁpmr

PP TP aad

[ e WadW, | adaxr ol el
I II bl GUOC \J UI l. IIC L VU Ol. GIIUGI u O.Ilu LSUuUrl LT, vUuU .,U,

de@mdéwkmmﬂmsum@mtﬂdata formats, scannlng prog¢esses,

(JllluI IICI%IUUIIIIQ ICI dlIUIIbIII Mo TTay UC Ttet pregce UI 1S

spBeEPHEdei cl ause 6 of the H 264 standard. [001p4]

Ad%l%lonally, for the purposes of this specificat|on,
the tollowing definitions may apply The termibase

Iayemxgeﬂ@mﬁhgy{refers to a bltstrean1conta|n|ng

ETCOUET (Wil OB MBI oK P & & ¢ Rk Rtk %b[ﬂhgn” rStTever—of
spat i o- t(ﬁmcap@i,hc sqalsabisdiiafYmegh by thils

speC| Tl C&L'n%@robl&kbl%%ﬁ) layer DI st ream I S decodgabl ¢ by

nr r\'F Lo docaodor of t+thalll 284

ully UUII’JI T CAITC CACT  CTIuUCcUT \w A | LI AVAVAvAv L uy | \v A CIIC [Tl ZpT

st andard. The synt ax elenent

BaSeC&MQEAQEEE@ﬁMEGﬂ&&ﬂbhﬂmﬁﬂwiﬁ a variabl e which

,c,m.o batel*qadg r;lore rbsp_'_d s rcates that all Or the AU

oient fa nfnrl nrnr\rnhl r\r\lz |n fh ba*a

IaV@@bdm@mP@M@%)[00105] The synt ax el ement

di ot o o o~y oA A4 an—xmada aof + bhao acat 4

QaseLayerIntraI6xI6PredNbde is a variable whi
el

EL:

I IIUI vcUAt Co T TTC YT TUl \JLI Tl IIUUC Ul LB ARV

Intra_16xl 6 prediction macroblock in
Macroblock Layer Syntax

rouvat

[00119] Example syntax for enhancement layer MBs may be provided as indicated in

Table 4 below.



t he base |ayer. The syntax el ement

BaselLayer | ntral 6xI 6PredMode has values 0, 1, 2, or 3
waokioch1zaey respond to Intra_16xl 6 Vertical, PCT/US2007/065550
Intra_16xl 6_Horizontal, Intra_16xl6_DC and
Intra_16x! 6_Planar, respectiv@®y. This variable is
equal to the variable Intra 16xl 6Predvode as specified
in clause 8.3.3 of the H 26i @lt qlndard The synt ax
el ement Baselayer NETﬁge I S @Eésﬁmgl ch indicates
the macrobl ock typ nepment Ilti‘é’ﬁ'f B¥®3bl ock in the
hase | ayer This varjiable nay he pmlnl to the synt ax

eﬂlefmmblomlayey(pe as speC| fied in cl ause 7.3.5 |of t]lescriptor
H 204 standard. (é%uuw Te Term base fayer sfiicg (or

base VBRzaPrediqdedisel arN Ty sl taf i s coded as
perglialisae e dndich& H,264 standard, which has a

specnﬂ‘(lrﬂxjmtrmiﬂm13majﬂsgq|lrﬁ151mrra6m6tdmdrdaelagane p| ct urle

Ul Ul:‘l court—as Ul:‘l I IIEU I'T1 bl ausc O 4 % UI llll:‘ l‘i.404

st andar®b_drHgieel ement BaselLayer Sl i ceType (or |pasg s

I ayer Sl}ﬁ?e%d{ga\f(? I's a variable which indicatles, tlhe
he

cn
co-located slicein the hase ayer

slice tyge 0
Thi s }varl able is equal to the syntax eI ement [slide

—Z n n £ Ll _2ClAa
lyIJC aoS DIJCLIIICUIII bIaUDC r.o. o Ul lIIC ', £2UFF

stdndard. [00107] The term enhancenent | ayer |gengrally
rel TeFl"jre%(tl\ﬂjPa?rtP?eld oée Ease a er I mOr}g tr%oélg(? YI deo dft a

scal ab&dea_ﬁ))bck_gﬁ@menhancenent | ayer bitstream i.§ crhlley\,.)

t+h +ha Ao |l vy H - i
Tl CIre uuo\, |u.y\,|, . 9., LY

cont aifiiSodedfl@ktigelgntg 0| eddBoddettrmbaoma Fyer| vi deo
data which are USEed 10 generate tnhe 11nal declodeq
vi deo dB+-&-%'80108] A quarter-nmacrobl ock refers tlo one
quart ereRfesiah&) sampl es of a macrobl ock which [resylts
'Frnm ngrf|f| faYal nn fha n‘nr-rnhl nr~|/ Th| S r~|a'F| n| +| fa¥a : S
S|ml}ar to the deflnltlon of a sub macr obl ock| i n |t he
H264—St dnUdrU cxceptl [nd[ quFISF-ITHCrOUI UCKS Cdll

t ake on non- square (e.qg., rectangul ar) shapes|. The
termguarter-macrobl ock partition refers to a blqck of

annrh ng blocks of lchrdms

sarrpleﬂmoﬁ&sblbcn(_mgerﬁrom a part it onl ng of a |2 me(v)

o =
gpalttggngl cal o tlhe
gef mﬁlh@@edﬁlocmgerﬁ'ﬁlﬁ{a%’ E?l‘ﬁéodedBlockPatternChroma>0)
{
mb_gp_delta 2 se(v)

residual( )
/* Standard compliant syntax as specified in clause 7.3.5.3 [1] */

}

Other parameters for the enhancement macroblock layer are derived from the base layer
macroblock layer for the corresponding macroblock in the corresponding

base layer slice.

[00120] In Table 4 above, the syntax element enh _coded block pattern generally
indicates whether the enhancement layer video data in an enhancement layer MB

includes any residual data relative to the base layer data. Other parameters for the



partition in the H 264 standard except that the term
“intra refinenment"” is introduced by this

wap@eitiiieat i on. [ 00109] The term macrobl ock paPCT/UBIN7/065550
refers to a block of [uma sanples and two
correspondi ng bl ocks of chrom® sanples resulting from
a partitioning of a rmcrobl ock for inter prediction or

rﬁa%lﬁ%ﬁ%ft nepog ocﬁ d%}fea% félb/?('i | onth? ﬁ)%seq@(eﬁ]macrqbﬁock lgyer for the
t@tdspendint mab®dbiodk it Cetcdpdnling Has KSkOSHEE. Al SO,

the shapes of the macroblock partitions defined in

this specification nmay be different than that of the

H. 264 st Synt
[00110]S @“qﬁ%ir@'fmﬁ@%‘aé‘?*’gﬁsﬁyfﬁ?)o@ﬁﬁ >t yﬁés

fod21jow Foo nmfaexﬂ M/Bs; |GBERsz$1tzal @bibkitliysambadsltiec H.2Rd wtangird, c.g.

seq nce_p RBSP tr ai bitsAs indicated

usg ﬁ@?ﬁv 334 étﬁn@ EWHEL‘#E%NB%W@W B tpriyeods CBP
Hf@m%@ﬁ tefifostandandicrg aTalibtheldie sequence
paraneter $et and picture paraneter set may be sent at
the base |l ayer. For exanple, the sequence paraneter
set RBSP syntax, the pictur®aplarsaneter set RBSP synt ax

and the slice dalmrpastied MaordREsdks CBRSynfaxt he
enhancenent | ayer may have a syntax as specified in

& Urtea 1 dx 16 Tmabidflock Icdep(h (M €04 Standard. [ UULLL] TN €NY pescriptor

ar T 0%, AR 1G5, hll (1S drSClosure, all syntax grepents))

H +
Syt aa allu DCIIU.IILI COo I nmyglrodat

|a_y nav.c Il LA Nl |9
n R, 1Wt$iﬁxi64qi}n}9£tkgl{a_n_d_ard to the extent sucH syntlax

b| enifiessLayedhchecslicienydliZeion t he H. 264 st andard. udnl ess

Speci fiogablttleropigenidti<a;ngpeaadak) { synt ax el ement|s and

SEMANT 1 C5,5N ka1 66 MhDfet IR [opRull 264 standard arez | u)

D e T T D A T AR

a|n| es |n rmr|/of~| "f

Lot o
T LY

he categ P EMbB gy g,qgl\/,lbﬁagl)glxﬁ e nay he

bresent i n tdHent\mgralgnict imgnite Hagray 2w
[mbPartldx][qtrMbPartldx]
mb_intral6x16 chroma flag 2 u(l)
if{ mb_intral6x16 chroma flag ) {
mb_intral6x16 chroma ac flag 2 u(l)

Residual Data Syntax

[00122] The syntax for intra-coded MB residuals in the enhancement layer, i.e.,
enhancement layer residual data syntax, may be as indicated in Table 6A below. For

inter-coded MB residuals, the syntax may conform to the H.264 standard.

Table 6A
Intra-coded MB Residual Data Syntax

enh residual() { C Descriptor

if( MbPartPredMode( BaseLayerMbType, 0 ) == Intra 16x16)

enh_residual block cavle( Intral6x16DCLevel, 16 ) 3

for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )

for( qtrMbPartldx = 0; qtrMbPartldx < 4; qtrMbPartldx-++ )

if{ MbPartPredMode( BaseLayerMbType, 0) == Intra 16x16 &&
BaseLayerAcCoefficientsAllZero ) {




conformto categories in the H 264 standard. In

addition, syntax elenents with syntax category "A|"
woreon7hes1py esent, as determ ned by the syntax aPdI/us2007/065550

semantics of the RBSP data structure. [00113] The

presence or absence of any syltax el enents of a

parti cul ar listed cat egory is determ ned fromthe

ylll. ax Co Ul

ég W&t ?%m%ﬁ%ﬁ?:um% b??ngg
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aver il Hloﬁk&%mf@@‘iyﬂ” ) B slices. the
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neaddse synt ax nmay

for(1=0;1<4;i++)

ChromaDCLevel[ iCbCr J[1] =

for( iCbCr = 0; iCbCr < 2; iCbCr++ )

for( qtrMbPartldx = 0; qtrMbPartldx < 4; qgtrMbPartldx++ )

if{ EnhCodedBlockPatternChroma & 2 )
/* chroma AC residual present */

residual block( ChromaACLevel[ iCbCr ][ qtrMbPartldx ], 15)

314

else

for(1=0;1<15;i++)

ChromaACLevel[ iCbCr ][ qtrMbPartldx [[1] =0

Other parameters for the enhancement layer residual are derived from the base layer

residual for the co-located macroblock in the corresponding base layer slice.

Residual Block CAVLC Syntax




follow the H 264 standard. Applicable semantics wl|

be described in greater detail throughout this
waele@choger e. Slice Header Syntax [00116] For |PGI/US®E7/065550

and P slices at the enhancenent |ayer, the slice

header syntax can be defined ¥s shown bel ow in Table

3A below. Other paraneters for the enhancenent |ayer

f i i . .
o281, et PR oE SR RE ey BT SR AR slfpiyg variable
gmecoﬁbgcte:m&ﬂ)trﬁe@ e speé&fiedin Rdsecd 8ylet, sl i ce may

efer to a slice that is coded, e.g., per clause
7.3.3. of the H 264 standargpiagpl Whi ch has a

correspondi ng enhang&iRAl BIRKEASLICCHipded per Table

2 wth the sane picture order count ds defined, e g

~

enhotaluslebl@k 2avlc( ofefiLbrel, Ha2bdCsdfantlard. The el enent C Descriptor

DaSE @yezm%mugl@atfype)refers to the slice type of |[the

A aS SHCUI I I CU III L«I austc I O UI l 1T

- ?R‘Zf)e@egﬂhgr& Ot her paraneters for the ephancengnt

aye tMthijtRralMore B@&ﬁngrMb@fmr(e)rfGémfaL@n@ &&f ormat i on|are
:le iy ¢ gmatie) IcofSedrediofs SeclagdbTyriloe= [00117]
fpte fit &% (odedlogifatierdympay . refine intra MB indicates

/\hehlhecrefftthlenenhancerrent | ayer video data in the NAB|4 | ce(v)

Jnlltt(edhn&gfyqoeéliq%@ coded video data. TT refine Thitra

IIl.I

oo SIHEE ot v ﬁ%ﬁpeqﬁsiﬁfﬁt'%? DA mﬁi“mn e

5 Ki jpped. If refine intra MBis 1, intra coded vi dgo

jate@e{s present at both the base Iayer and the

Castt, ttre—emancememnt ayc

nt rfar(ldfa(t a<T<8t1C@eéf( @é,toaefSVﬁ‘tndxﬁtDOllS] " An exarmle Iji C

192

Hat a syt axfmd@ys e iprovi ded as specified in Tabl el 3B |u)

el OW. levelr[) ]e Ist&’pénlh coef%‘)algn axy Nt ax

if( TotalCoeff( enh coeff token ) < maxNumCoeft) {

total zeros 314 ] ce(v)

zerosLeft = total _zeros

} else

zerosLeft =0

for( 1=0; 1 < Totalcoeff( enh coeff token)— 1;i++) {

if( zerosLeft > 0) {

run_before 314 ] ce(v)

run[ 1] =run_before

} else

run[i]=0

zerosLeft = zerosLeft — run[ 1 ]

}

run[ TotalCoeff( enh_coeff token)— 1 ] = zerosLeft

coeffNum = -1

for( 1=TotalCoeff( enh coeff token)—1;1i>=0;1--) {

coeffNum +=run[ 1]+ 1

coeffLevel[ coeffNum ] =level[ 1]

}

}else {

/* Standard compliant syntax as specified in clause 7.3.5.3.1 of H.264 */




Macr obl ock Layer Syntax [00119] Exanple syntax for

enhancenent | ayer MBs nmay be provided as indicated in
waaire12vel ow. Tabl e 4 Enhancenent Layer MB SyPCEKS2007/065550

O her paraneters for the enhancenent nmacrobl ock | ayer

are derived fromthe base IaYEi macr obl ock | ayer for

t he correspondlng nacroblock |n t he correspondlng

fa¥aX«RaVYa¥| Lo Ll L PN

JG.DC I ayC| OI I UC. LUUJ.LUJ LI IG.IJI C hI' GUUVC, l. IIC be) It A ¢
b 6nent_enh caded bl aock pattern gener all y i ndi cat s

hhet her the enhancenent Iayer video data in an

enhancenent [ ayer MB I ncludes any residual data
relative to the base |layer data. Ot her paranmeters for

DHwe hhramseare far tlm%@th@me@mm leygeresigpel td@@fkn GAYLLrambetderived from
91%3 %a% Y§ relr n?es% el 06‘1 ck a@g{, Eo rfo{) htﬁe C[% toc%%‘a” %a%goblock in the

corr espon

bm&&@@mﬁﬁgﬂhbagkrﬁaﬁed Block Pattern (CBP) Syntax
[00121] For intra4x4 MBs, CBP syntax can be the sane
as the H 264 standard, e.g. as in clause 7 of the

ﬁnﬁén ﬁ%@@iﬁﬁggsgﬂﬁnﬁéﬂral6X|6 MBS, new syntax to

encode rmati on may be prOV|ded as indicated in
[Mkl%] 5 Hafhlammmeﬁahdyer fendanticsawlGooko bdvAescaobd b s mtlcs of the

nt ax Resi du Dat. a ta 2]. The syntax fo
P SR Ay N AL 6 D Sy bR R S SRR thg SN of NAL units
spe%lﬁed%hﬁmezm@tanh%a%r §ﬁ§dxdél@rherg§‘§&cﬁ%ﬂt1ﬁ‘ﬁle pmm B&ndard.
as indi cated in Tabl e 6A bel ow. For i nter-coded

Newispin@k slements rsst d@mbﬁdiyl tb@ ¥ Mmta@atmleavel tlzésapphcable semantics

a Tabl tra co si dua
SRATEn Wsatie, P FaitiRer M eRhRlattie: FjFnsp and RESP
fréisingduab nay ®c ey daRhsfkOmAchetdpasa. | ayer residual for
the co-located macrobl ock in the correspondi ng base

| ayer slice. Residual Block CAVLC Syntax[00123] The
synt ax fﬁye dgq?wgiq%ﬁtshgxgﬁcge5|dual bl ock cont ext

adaptive vari
[00125] With reference to Table 2 above, forbidden zero bit is as specified in clause

7 of the H.264 standard specification. The value nal ref idc not equal to 0 specifies
that the content of an extended NAL unit contains a sequence parameter set or a picture
parameter set or a slice of a reference picture or a slice data partition of a reference
picture. The value nal ref idc equal to 0 for an extended NAL unit containing a slice or
slice data partition indicates that the slice or slice data partition is part of a non-
reference picture. The value of nal ref idc shall not be equal to 0 for sequence
parameter set or picture parameter set NAL units.

[00126] When nal_ref idc is equal to 0 for one slice or slice data partition extended
NAL unit of a particular picture, it shall be equal to 0 for all slice and slice data partition
extended NAL units of the picture. The value nal_ref idc shall not be equal to 0 for IDR
Extended NAL units, i.e., NAL units with extended nal unit type equal to 5, as
indicated in Table 7 below. In addition, nal ref idc shall be equal to 0 for all Extended
NAL units having extended nal unit type equal to 6, 9, 10, 11, or 12, as indicated in
Table 7 below.

[00127] The value nal unit type has a value of 30 in the “Unspecified” range of
H.264 to indicate an application specific NAL unit, the decoding process for which is

specified in this disclosure. The value nal unit_type not equal to 30 is as specified in



| ength coding (CAVLC)may be as specified in Table 6B

bel ow. Tabl e 6B Resi dual Bl ock CAVLC SyntaxQt her
wearnairetiey s for the enhancenent |ayer residual p@I/081007/065550

CAVLC can be derived fromthe base |ayer residual

bl ock CAVLC for the co-locatef macroblock in the

correspondi ng base | ayer slice. Enhancenent Layer

ggurlr% !%fctﬁ%%lg%]llzﬂél Enhancerrent | ayer semantics will now
es

éimantl cs of the enhancenent | ayer
(bl 28N tEheMRcRR tepbibA t @ iks Aldny-bit FRagS alBe P&k té RS NBE B, it
of NAL units speC|f| ed by the H 264 standard for
spetiien that Eiecfatlawmgdehits asgiraserveheV hprpgdensioan fag . 1, Mespecifies
ﬁ% M&Iﬁﬁﬁfﬁﬁr&%ﬁtag}%ex%ﬁa&d {\Iﬁi%d {rG§p H 264 standard
ave the applic described in this
piod29]jos uTke valtieres@nadhbdi escrodd t tzbte enbarcererit fldgydre used for

BSP and RBSP tr ing bits he . sane t he
b 4GSR OROD ESASRSEETT NAPERE 10 Tyt DS of 12k value

WH rdriit ‘?El@ﬂﬁf‘ca&@t é}ﬁbﬁl&o%ﬁﬁ&?ﬁhefb%@éaﬂg@dhféﬂso Telval
pecified I n clause of the H 264 standard
&p@m:cﬂ _izeat Bbis 1s l¥ebiv ftldecseatedrferf futwie usmt equal to O

)i tht t nt. of an exten
RS0 shDeSh e Ebicdyp SRS Shealg ortihisow:
par anet er set or a slice of a reference picture or a
slice data partition of a reference picture. The val ue
nal ref idc equal to O for %ablext ended NAL unit
contai ning a slice IbxtesdédNAdaunit ppetcodeson i ndi cat es
that the slice or slice data partition is part of a

non af aranca ni ct yre Tho valiae aof na raf 1 de chal |

ot [ BUS RS R e b SR e

1 N o o v £
pl C 0“ T pail alll:'l er—Sse Unspemf% T L S- LUUJ.LUJ V\IICII ||a| Tl

| ders—equalt o~ 6~ o1 cOE TRl G RoRIDRYdRE dat & 23,4
parfition extended NAL URLL \ghoﬁjgé%gﬂnggullb@g pi cture
it phart be equal 0] Bode@ilicddda patiliores anad Sl | ce dard
parfition extended NALic4Qitf parffonthRyPRirebuUr €. The val ue
nal | sef 1dc shall nofchrdequala phditiéh B or | DR Ext ended
NAL| units, i.e., NAL| sl tiga pintifonextagmdesgOnal unit tiype

equpd to 5, as Coded slice data partition C 4

slice_data partition ¢ layer rbsp()

5 Coded slice of an IDR picture 2,3
slice_layer without partitioning rbsp()

6 Supplemental enhancement information (SEI) 5
sei_rbsp()

7 Sequence parameter set 0
seq parameter set rbsp( )

8 Picture parameter set 1
pic_parameter set rbsp()

9 Access unit delimiter 6
access unit_delimiter rbsp()

10..23 Reserved

24..63 Unspecified

[00131] Extended NAL units that use extended nal unit type equal to 0 or in the
range of 24..63, inclusive, do not affect the decoding process described in this
disclosure. Extended NAL unit types 0 and 24..63 may be used as determined by the
application. No decoding process for these values (0 and 24..63 ) of nal_unit_type is
specified. In this example, decoders may ignore, i.¢., remove from the bitstream and
discard, the contents of all Extended NAL units that use reserved values of

extended nal unit type. This potential requirement allows future definition of



indicated in Table 7 below. In addition, nal ref idc

shall be equal to O for all Extended NAL units having
we@zioendaeb nal unit type equal to 6, 9, 10, 11,POr/UIDN7/065550

as indicated in Table 7 below. [00127] The val ue nal

unit type has a value of 30 i the "Unspecified" range

of H 264 to indicate an application specific NAL unit,

the odln rocess for S th ed
ot BRI SR B 4 ERRGIOL b M s fte e

@§sp%@1$i@dﬁﬁ edudercdfabis B. Jb4akankihel dpedfidatinandard. [00128]
The val ue extension flag is a one-bit flag. Wen
extension flag is 0, it specifies that the followi ng 6
bits argp en extension_flag is 1, it
speci fies ?%g%l\ﬁgﬂtl NAL unit contains extended NAL
LﬂﬂlBZ]RBSFhe seMBd23|of TvecnhahdtenchehgeVRBS Py art @s spocdtbdze chwuse 7
%E aonecglt ffJagto be used for future

tthél% andgrasrificairons corresponding to nal unit
type of 30. The value enh_profile_idc indicates the
profile to which the bitstream conforns. The val ue
r eser veddlive Hzagdbr Semasntiad 3 bit field reserved for

[EEE A T TG A R B AR

il die¥ PSS 1BO Hest nLFbbiddk ExRERe WA a kb4 sh&a&délrsﬁ not allowed,
extended nal unit type equal to O or in the range of

the valugdf firsicinb sinydice donaeide beiefseﬁtanttlwevadm@?ﬁrﬁg e ekiee for
%?ysgt erfilge 8§the cu%grgt plCC[ 15:‘:% 15 p& E)c(iés tﬂg %grr%lﬁ‘ i ﬁe ntde&)/cﬁggc’ order.

use erm née
apphitse atabﬁiblockleddhegmh the slpa"eQﬁ@sse de@tvell he &ﬂlov\al Ths valie
and 24. of nal unit type is specified. In this

st b dn_ Sélé% %ﬁd@? glaﬁ@plch ,argqir@ss of the firsf g}%@ aek dirfherplice, and
ﬁk Sh8 qﬁ“@h@ﬁ% 19"[1*?’ oit(h Qﬂ%aﬂ}vﬁ)s 1 ﬁlciusgét %ﬂgt%d

uni ts that use r serve ues of éxtended nal
BmStzeIWles is T sunpletr efitieghbytesquiarpéetert  al | ows f ut ure

finition ofco |bIe ext ensi The val ues rb
ﬁ@[ i s oo Nt &REPPY eﬁ%ﬁé‘edlegwe fghcylicd abeording to
$RaERMRAV.i N clause 7 of the H 264 standard
speci fication. RBSP Semantics
Table 8

Name association to values of enh_ slice type

enh_slice type | Name of enh_slice type
0 P (P slice)
1 B (B slice)
2 I (I slice)
3 SP (SP slice) or Unused
4 SI (SI slice) or Unused
5 P (P slice)
6 B (B slice)
7 I (I slice)
8 SP (SP slice) or Unused
9 SI (SI slice) or Unused

Values of enh_slice type in the range of 5 to 9 specify, in addition to the coding type of
the current slice, that all other slices of the current coded picture have a value of

enh_slice type equal to the current value of enh_slice type or equal to the current value



[00132] The semantics of the enhancenent |ayer RBSPs

are as specified in clause 7 of the H 264 standard
wa@pmcitisieat i on. Slice Header Semantics [ 00133]PEDDS2007/065550

slice header semantics, the syntax elenment first nb in

slice specifies the address of the first macroblock in

the slice. Wien arbitrary slice order is not all owed,

PEGicY S8t 19 phbact abfecy L s iy Bieke B ve

g€ UWRAexRh8dINEl hiiattyy 8@k So bh@reyfdnditis t8lahGstantancous
decodi ng order. The first macrobl ock address of the
dedodmgrraljeshd 1R} pigie. abcq_dyneqias be vhealyalub % P¥%t nb in

j i Spif J f.q. i
o381 Sk PR ELBERPRE AARRERE S idRSpedtidastne o
piseparanger gét @ dfahPratisperdidbase lhyer sitdeugihe elenwinefreme num
Pi cSi zel nMbs i s the nunber of mnegabytes in pi cture.
[ﬂdgi gafanrRend|aire AY: et Bill Betheppme spaisiteselayerfe-located slice.
SRGIRY, IEREerRint Eﬁeoﬁilef CRt RBGAHH Qhab @ni@Pla§cONRENAY: will be the
Tabl e "8 Nane associationto values of enh _“slice type

vahasshopiceatdes lentc gsbtfgpécibase lngerrcargentat siet(oasd layer slice).

ecify,. | ddition to th odi type of th rrent
TRe narpiga for BE i Brded, ot A B0 fike BT 45k
Bé16t PicCoray %n@[l?’,ﬂl'nbl ecRind®thpis| dnf SerhMRRs @M'syé&ﬁéd‘ﬁ clause
current value of enh slice type or equal to the

a3 efrihe Haltdetindsidi ddetojgmecnt decoding_glode rflpgtspeefies the decoding
ﬁx%@gs%t T grt{‘hasﬁlc%:nclglgtl%%? s]l\llcaeI a%.esﬁongn iIf’ Tabgie @%%l %v may be
nused. eén extended nhal "uni ype s equal 'to 5,
corresponding to an instantaneous decoding refresh
(IDR) picture, slice type can be equal to 2, 4, 7, or
9. [00135] The syntax el emeh#blgi%c parameter set id is
speci fied as the Sweeifisatienret decoding_mpdsi flage
correspondi n i The—etenent—frame—rnun

dot I adaytT I'TUc.
in the enhanddleeding vede fag | HOS%i 1| he the same as
the base | ayegr0 co-1ocat ed sl i|dbxel Somalnagddytjont he
el ement pic qgrder cnt |sb in [tdRmhbaesEBNMddittbrer NA
unit will be the same as the pic order cnt st for th
base | ayer co-located slice (base |ayer slice).

=

In Table 9 above, pixel domain addition, indicated by a decoding mode flag value of 0
in the NAL unit, means that the enhancement layer slice is to be added to the base layer
slice in the pixel domain to support single layer decoding. Coefficient domain addition,
indicated by a decoding mode_flag value of 1 in the NAL unit, means that the
enhancement layer slice can be added to the base layer slice in the coefficient domain to
support single layer decoding. Hence, decoding mode flag provides a syntax element
that indicates whether a decoder should use pixel domain or transform domain addition
of the enhancement layer video data with the base layer data.

[00136] Pixel domain addition results in the enhancement layer slice being added to

the base layer slice in the pixel domain as follows:

Y[i][j] = Cliply( Y[i][jJbase + Y[i][j]enn )
Cb[i][j] = Cliplc( Cb[i][jloase + Cb[i][jlenn )
Crli][5] = Cliple( Crli][jloase + Crli][jlenn )



The semantics for delta_pic_order_cnt_bottom
delta pic_order_cnt[ O], delta pic_order_cnt [1], and

WO edant|ed _pic_cnt semantics are as specified PCT/UFROT@®5550
7.3.3 of the H 264 standard. The el ement decodi ng node
flag specifies the decoding ptbcess for the
enhancemsnt | ayer slice as shown in Table 9 bel ow.

Specificatio 9

AR MBS fRhes” Sl PR D e BB g S Bl g
omdaifdnag avaheroCli®l Y 13 a dgthBifbtican Finctio® @@ﬁllb{i@{ t he
enhancenent | ayer slice is to be added to the base

| ayer sIGladyv{®) EHingi( Ref d6|$dtﬂﬁpﬁld)sub,db}t single
%&V@ﬁ%ecoga%gtﬂemgt‘?&ﬂfdn%h %1 n addi tion, indicated

ue o 1 in the NAL unit,
nmeans tf(atplbhﬁ)ermmcen(ehkdmmpt}fel)l{e, xgn be added to
t he Ease ] ayer sljce in the c effici entggomal

b CUipgr o H et claeises giseRBenty smamf%la@ functions
Cligg, m@rbqﬁécﬁ SHRLRAinel BROTH SdRkad IR CAL s whet her

ecod shoul use pi xel domain or t ransf orm domai n
H®dBTli orCosffiditre denhanahinmmremd‘gsen thei cdbancdtateat bay¢rslichbeing

peea i s B ool Eat §EFY 5 B8EH o t he base

Iayer sllcelnthe plxel domai n as foll ows: Y[I][J] =
ai Pl é [1base+Y ]Bua Co[l][J Aipl
Co[i]b ]ba ém&LWE iibek)LuardLicy ¢1hi] [ JeasCt Lpina e\(61[1][J]enh

Cri]b-] baéﬁrqbnﬂa%[v%ltm L&ﬂromaLevel@ﬂj]C%gs A aLeV%}fTﬁ]enh

Cb i ndicates nance and 88 e

chrom nance, and where Ci pl Y [ s a mat herratl cal

function as follows: di g% = di 1"
Bhepdpis fycgling fgctog(u%edé(hggj@t }belg_e@e |l%yeacqﬁ£ ﬁ@tﬁsﬁ{q g|enhancement

%&@P?ﬂdlés o) OWS) CIalngI V\;}e$ eXCI) i p30| Ispgésgr i E)ed "
Eﬂ(l_sl@&]h e r’Iéhel sgntak I,ek:mbm;:wfmatlntra' hdBmatlivesmhbh@alent laget WAhamit
g%elaﬁ“@ %@eger Po re%ne 1ntra(il/li3~g att E%nga%];érggr% lallyner tnp gon s%?cgs. If
refine_intra MB is equal to 0, intra MBs are not refined at the enhancement layer and
those MBs will be skipped in the enhancement layer. If refine intra MB is equal to 1,
intra MBs are refined at the enhancement layer.

[00139] The clement slice_qp_delta specifies the initial value of the luma
quantization parameter QPy to be used for all the macroblocks in the slice until
modified by the value of mb_qp_delta in the macroblock layer. The initial QPy

quantization parameter for the slice is computed as:

SliceQPy = 26 + pic_init qp_minus26 + slice qp_delta

The value of slice_qp_delta may be limited such that QPy is in the range of 0 to 51,

inclusive. The value pic_init_qp_minus26 indicates the initial QP value.

Slice Data Semantics
[00140] The semantics of the enhancement layer slice data may be as specified in

clause 7.4.4 of the H.264 standard.



[00137] Coefficient domain addition results in the

enhancenent | ayer slice being added to the base | ayer
w@hkaioce1iiew t he coefficient domain as follows: PCT/US2007/065550

LumaLevel [i][j] =k LunaLeveI[i%[j]base +

LunaLevel [i][j]enh ChromaLevet[i][j] =

kChronaLevel [i][j]base + ChromaLevel [i][j]enh where k

is a scali f act or - use ust the base | ayer
coefficien cfg&PﬂéLgﬁﬂq%@$H§ Iayer QP scal e.

[0003B8] Wherépadtaxmat@bRitk 14yef kdigaritias, the MBmit t he
enhancenent | ayer NAL unit specifies ‘whet her to refine

FHy_Fadadl Oﬁk_ﬁaﬁéfnéﬁﬁ@ﬁé%whWh of figeix $¥8 Plopky - lympead chioma -

, tr Mﬁ%1 n
fn% cne af 0&1—3%16&/08%‘% gcﬁ‘g{é%lgnfﬁcq?tg lee\’reﬁ fﬂ]g? a@wd[e ta sernantlcs
mhybaaﬂqkmﬁthanenhantenmﬂthdHymnsmhﬂmﬂeHMnemnmﬁmaﬁMBynmx
i s equal ra are refined at
@ﬁ%ﬂ%@@%@%ﬁen{l mﬂ%g]as e iinddpekiussy. géé)fd'f}ﬁ Helof gtandard.
specifies the initial value of the |luma quantization
paraneter QPy to be used for all the macrobl ocks in
the sl i detrank6xll6 Mbatirbbledk Gloded Bleck Ragtarh (CBR) [Bedmintias

in,the obl ock er. The Lnitial anti zat
[MasE, F271 Qe i BRYEE v Gs ol Mealty 9
folBiwind Mdskri \fusLhhtrh 13k 6 @B]Ppseﬂﬁhﬁ@s. WgcryRbHS tRdt have their

slice gp delta may be limted such that QPy is in the
¢(ah@@teg1’oa@e ]@y)ergllacr(ph-]mlugpdagtlomm@d@ gquabto Intra 16x16 can be

%rﬁﬁone:g;%ﬂr%p Ag%uarte In%:agmﬁgqﬂigg?pe?h %Sogﬁ%én ?algess%gftl\{?lhx% coefficients

enhho ¢are m6x168pi€dilcﬁd)ﬂ medélaf e BModaeditssS R et thh&8blodk
clause 7.4.4 of the H 264 standard. Macrob] ock Layer
@éﬁ?ﬁh‘ﬁi%@“f‘tﬁ)‘ﬂﬂ{{edwqdﬁ) rlé shsehase fayerdEreosifisiqaty aty é]rl zero and at

R&SRA .eﬁﬁanv\ﬁﬁ&ﬁ[qll c&@Pa@&Q? g?lg %%g KenB %hlﬁa%&ngnt layer

specifies e SI X I"uma
niacmb’a)ck 1sn<hy1ded) Mtannnmblacé«pnrﬁmmsjfepmmw ficient

bRt Teroruar i A0 4 8 of the i 264 Standard. The

mﬂt | ChefRacreMB@artitioning results in partitions called quarter-macroblocks.
Each quarter-macroblock can be further partitioned into 4x4 quarter-macroblock
partitions. FIGS. 10 and 11 are diagrams illustrating the partitioning of macroblocks
and quarter-macroblocks. FIG. 10 shows enhancement layer macroblock partitions
based on base layer intra 16x16 prediction modes and their indices corresponding to
spatial locations. FIG. 11 shows enhancement layer quarter-macroblock partitions
based on macroblock partitions indicated in FIG. 10 and their indices corresponding to
spatial locations.

[00144] FIG. 10 shows an Intra_16x16_Vertical mode with 4 MB partitions each of
4*16 luma samples and corresponding chroma samples, an Intra 16x16_Horizontal
mode with 4 macroblock partitions each of 16*4 luma samples and corresponding
chroma samples, and an Intra_16x16_DC or Intra_16x16_Planar mode with 4
macroblock partitions each of 8*8 luma samples and corresponding chroma samples.
[00145] FIG. 11 shows 4 quarter macroblock vertical partitions each of 4*4 luma
samples and corresponding chroma samples, 4 quarter macroblock horizontal partitions

cach of 4*4 luma samples and corresponding chroma samples, and 4 quarter



el enent coded_bl ock_pattern may be as specified in

clause 7.4.5 of the H 264 standard. Intra 16x16
woe@roieck Coded Bl ock Pattern (CBP) Senmanti cBCT/082042965550

For | slices and P slices when refine intra nb flag is

equal to 1, the following destription defines Intra

16x16 CBP senmanti cs. throblocks that have their

EBeto Rk R B R AT b TR

enamhghmprer ob | ocks depending on the val ues of their
AC coefficients and the intra 16xl 6 predicti on node of

{(}%4@]0 | Eseh magrabiesk gag}t@(n 1precdeisgst t@dq;y mbPartldx. Each quarter-

Pr
LR St BhA LA RS g AR Ay s
bemyhmfe Adlucoedufal wi Ch 2] @ naviageblock Erl[ttéq@ﬂﬂ&ﬁcmaemlﬁck partitions
| ayer robloc is d|V|ged into 4 cro

?férSPme% & IR ERTCRGNGH SRAWR (LK - Dragd] x %@F%&é refer to
%%?ﬂlf]t?tionlh?h@ﬁﬁﬁ%}l iRCkcHPREhhdIE cﬁ%s&ﬁéfﬁh@f’ of e macroblock

titions called quarter-nacrobl ocks.
gmﬁhbmsummmqobwnakmmdMOQGWﬁummhsmnpart|t|oned into 4x4

37 TR et oy R et e o) fof et oast one

andfigib@rih PhitrdT8& | ODCPEKS is fonCzerd OIn$h Pl 6 MARN B8FBMal to 0

| ayer macrobl ock partitions based on baSe | ayer
pneciies ey pib coefédicatsiio ntrad G0 AdAldevich @ﬁerzefrm di ces

@14&@ g1 teﬁ‘%men? P e aéﬂSx @ ?1?1}1%%? &Idxngqlﬁl to_1 specifies

arter-ﬁacr ased

thiat MLy io bl legds oﬁahbmztetcodst&fﬁa&uciﬁhﬁfhlml (Eﬁl@'LeV:bDnﬂﬁd macroblock
their indices corresponding to spatial |ocations.

pottigumbpp]dxg gnb st 6&%641waa>a1tsﬂﬁﬁmbé’mdéépq% 0 specifies
Wat i g‘oel}@c RAS §d fnQDEx RAC lefel A’ ﬂ@mﬁ%ﬁloﬁﬁﬂ%fﬁ%n APartidx are

correspon |ng chroma sanp
kmtra 16x|6 Hor i zont al nDde mnth 4 macr obl ock

O S S BB o3 B e B SRR BBl

bkl ﬁ)_ﬂ-@%lcﬁiegltlﬁa@ ﬁferé@%@le\é&ttdﬂe holRES Q@éfﬁ&léntpiﬁ hird 16RDEACLevel
each of 8*8 | uma sanpl es and correspondi ng chronma

gethp nemer{rwlal@ckma@ltlmlqtdﬂbﬁmﬂdxq uarter macrobl ock

Yﬂ%rlgb]c al THR elietnlletnlt (81{} mb afl:ll‘gra %x l%iﬁmllaliggrt_ﬂag[mbPartldx] [[qtrMbPartldx]
equal to 0 specifies that all coefficients in Intral6x16 ACLevel in the quarter-
macroblock partition qtrMbPartldx are zero. The element mb_intral6x16_chroma flag
equal to 1 specifies that at least one chroma coefficient is non zero.

[00151] The element mb_intral6x16_chroma flag equal to 0 specifies that all
chroma coefficients are zero. The element mb_intral6x16 _chroma AC flag equal to 1
specifies that at least one Chroma coefficient in mb_ChromaACLevel is non zero.
mb_intral6x16_chroma AC flag equal to 0 specifies that all coefficients in

mb_ChromaACLevel are zero.

Residual Data Semantics
[00152] The semantics of residual data, with the exception of residual block CAVLC
semantics described in this disclosure, may be the same as specified in clause 7.4.5.3 of

the H.264 standard.
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quartermacrobl ock DC or planar partitions each of 4*4

| uma sanpl es and correspondi M chroma sanpl es. [00146]
Each macrobl ock partition is referred to by nbPartl dx.
Each quartermacrobl ock partition is referred to by
gtrMoPartl dx. Both nmbPartl dx and qgtrMPartl dx can have

val ues equRksili@allblodk CAVIOC Semalvéies obl ock and
uart er-macrobl ock partitions are scanned for intra

PHle metnsidysl Blpgnh AV (Rsaamintigpmar e providedens feliqvendnes
éﬁ’tl&h %nlli b: eﬂ atroféér{ §p%P1Sﬁte% H%etoﬁwggﬁlg er olf' n&?%@ro t%%gﬁﬁglcgefﬁcwnt

I’'és 1 € macr tion sc
mwelq R s trensfmm cedttioiekt [pedl tsedn, d?hesfmacmonmﬁaﬂ%’@ff(‘éhle coeff ~token)
elenment nb_ intral 6x16 lu fla cifies

Fohns the nuathet olp-zSR IR %eoq%ﬁmrmﬁ F%Flsl@%zaveg vel

Ly @Qgﬁztglgéﬂaslfgﬁ(;\gs 16x1 6_luma_flag equal to O
specifies that all coefficients in Intra 16x1 6ACLevel

are zerd. W@m&aﬂl P wkemwsrequal to 17, Total Coeff( enh_coeff token ) is

S e (e herd PerSH R honrero

coeffic IzenWHeﬁ chRtdodfflfkdn BNk 8YRI td 17, tTide 0B&FQRhO&deff token )
partition nbPart|dx

wtﬁquﬂttﬁanlaz@%ffﬂ@hﬁl part fl ag[ nbPar t I dx] equal to 0
SpeCI tfhe Va %I#h %lﬂé Ela%:qp%n% I Sd% OP& non- Zerg tr%l_&v%n

in the rmcro are zero.

[:(%ﬁléheﬂt gV, Eh@ﬂﬁeﬂt zeros semantics are as specified in clause 7.4.5.3.1 of the
intral 6x1 6_luma_part_flag[ nmbPart | dx]l[qtrI\/bPa rtl
%@é&wéﬁrdt d he rep defare Sgmaniigs aier?érseeqlﬁedam anet dond 1 of the

RO efficient in Intra 16x1 6ACLevel in the
quarfséa?l- ‘(rirrgcr obl ock partition qgtrMPartldx. [00150] The
el ement
ntral 6 art_flag[nmbPart!ldx][[qtrMoPart
85‘(@‘%%85?“??9530 s%’é‘@!‘?‘pg% that all coefficients in
I ntray §fxIpbidisyel in the quartermacroblock partition
qgtrMoPartl dx are zero. The el ement
H9 154l r ADBrBEPhowsms 1f¢rasgaleb4illiw extensions pald inbivds debetbedtin more

AEeht crsar At T Qeard e G ol Be B eyrond pelant B ever
hdakaiddblle, a two pass decoding may be implemented in decoder 28. The two pass
decoding process may generally work as previously described, and as reiterated as
follows. First, a base layer frame Iy, is reconstructed as a usual I frame. Then, the co-
located enhancement layer I frame is reconstructed as a P frame. The reference frame
for this P frame is then the reconstructed base layer I frame. Again, all the motion
vectors in the reconstructed enhancement layer P frame are zero.

[00155] When the enhancement layer is available, each enhancement layer
macroblock is decoded as residual data using the mode information from the co-located
macroblock in the base layer. The base layer I slice, Iy, may be decoded as in clause 8
of the H.264 standard. After both the enhancement layer macroblock and its co-located
base layer macroblock have been decoded, a pixel domain addition as specified in
clause 2.1.2.3 of the H.264 standard may be applied to produce the final reconstructed
block.



chroma coefficients are zero. The el enent
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non zero. nb_intral 6xl 6_chroma AC flag equal to O

specifies that all coefficiemfts in mb ChromaACLevel

are zero. Residual Data Semantics [00152] The

semantics of residual data, with the exception of

resi dual bl ock CAVLC semantics described in this

di scl osure, may be the sane as specified in clause

7.4.5.3 of the H 264 standard. Resi dual bl ock CAVLC

Senantics [ 00153] Residual block CAVLC senantics may

p%ﬁgg F as follows. In particular, enh coeff token

specl |es fe total nunmber of non-zero transform

D56 C IIﬁ fiic deewdihg pratess for RREESI both olef Basc lagnt arldetie knhancement

fcan functlan Tot al. Ceof f (enh_coeff . token) returns
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%géﬂf ‘f‘fﬁg nffBIQﬁﬁtﬁ)ﬂrfotcﬁ?efrfchMbk@%mspllnl%‘ﬂ’?layém W‘@tﬂele\rx}grds the
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bivkleatongingtoastrs yH3s driledxistrat cheabese 1a3!614 v&thanolinth Mlh bits at the
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RGeS RSN E o aDet i O T T agdanporn
EfRInteth e aRyer TR ot IS tHRR RawelRE focstb@Pask 1 agr §1HF1§écf t&Soblocks
t he sg&n of” a non-zero transform coeffici'ent [evel

qealsogkiipeder os semantics are as specified in cl ause

gﬂﬂ%sﬁ[i 3. I%‘ re?'fnet 1|?nera rng 48 15 gcrflgaﬂ d tﬁ_@ lenf%\%}tltl,gg %glrf%%ﬁng t% intra

I CS are—as Speﬁl In C ‘ause

HalBloskaadarifl botﬂaa@ml@, ngd Reatiass e dt oflaghds @ B¢ edqisl to 0.
Slice. Decodin 00154] Decodi ng processes for

Otherwises thgn ré;ga%ﬁ%%mbﬂag s ¢vil 19D, desiafarmation belppgiag to intra
gﬁ&%‘olocks ¢ %?}g %ﬁﬁ@béseflé?%ﬂraél%rﬁﬂa&%@m lﬁ?@n%?&l&&? that have

ase | ayer ancene
co-located base layer intra macroblocks are skipped.

[00158] According to one aspect of a P slice encoding design, the two layer
coefficient data of inter MBs can be combined in a general purpose microprocessor,
immediately after entropy decoding and before dequantization, because the
dequantization module is located in the hardware core and it is pipelined with other
modules. Consequently, the total number of MBs to be processed by the DSP and
hardware core still may be the same as the single layer decoding case and the hardware
core only goes through a single decoding. In this case, there may be no need to change
hardware core scheduling.

[00159] FIG. 12 is a flow diagram illustrating P slice decoding. As shown in FIG.
12, video decoder 28 performs base layer MB entropy decoding (160). If the current
base layer MB is an intra-coded MB or is skipped (162), video decoder 28 proceeds to
the next base layer MB 164. 1f the MB is not intra-coded or skipped, however, video
decoder 28 performs entropy decoding for the co-located enhancement layer MB (166),
and then merges the two layers of data (168), i.¢., the entropy decoded base layer MB
and the co-located entropy decoded enhancement layer MB, to produce a single layer of
data for inverse quantization and inverse transform operations. The tasks shown in FIG.

12 can be performed within a general purpose microprocessor before handing the single,



are available, a two pass decodi ng may be i npl enent ed

i n decoder 28. The two pass decodi ng process nay
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reiterated as follows. First, a base layer franme Ib is

reconstructed as a usual | frdne. Then, the col ocated

enhancenent |ayer | frane is reconstructed as a P

franme.. The.referen r ane

PR h S PR LA PGt %or i funfAfen' S s
fRisf@ayies! Basedion thé prorcema shdvacined Genb.ane af@ntency 6f a
P frame are zero. [00155] Wen the enhancenent | ayer

fecodgdipictrse buff@a(épb)éﬁ Hareegenncdrliiae syae pophgle kayies decoding,

ﬁﬁf %ﬁnﬂﬁmkﬁﬁéﬂ%ﬁ%3&§h@dUS|ng the mode i nfornation

at'ed nmacrobl ock in the base | ayer. The
base layer | slice, Ib, nmay be decoded as in clause 8
of the H. 264 standard. After both the enhancenent
| ayer ndeHweemrnihayerdutraMperoblack Decoding,y o

[RI6EP! I eﬂl‘f?‘a\ﬁ%erﬁgﬁ%ﬁ? %ﬁ%ﬁacr@ol%%@écogﬁﬁg’aﬂlﬁlﬁ%'t&P? Qecoding

as specified in clause 2.1. of the H. 264 standard
nﬁiyatbérameffememsa (ox oA omytequifd eratext edomsdtioncttach is handled

RE b Ty dRcadit: R gL e ReeodnA ST RE R

| nAy@tatidh & udel e SR B R Péto Mh B IcHEMBIERBE 085 (given by
which is transmtted in the base |ayer. The

Tatraeai( |co¢ffit@1ﬁem Miethe ﬂvmk@tﬁ ensferre roefficient lgealhlocated to the left
R/%%g st 3nté))l(l Kt lrktA%Hg ﬁb bloc oq‘ tra%st%%n gff%%& Fevelnﬁ}g ated above

ase | ayer,

tctcarraht Hibek @MBNcenment | ayer, mhlle coeff|C|ents of
inter MBs scatter across both | ayers. Enhancenent

(Y61 neler Sbreskiscosiae of sUBTERTT b EaEE BRI lgRks with non-zero
%‘éfﬁ&@rgt ‘tﬁ?é:faggl c%cllf)éatng ﬁlaéllo?fz)ct H eQ @@r?[ext[fgp&e%Zh%lgfcoéﬁ T Bfen is

is equ ormati on l'on
th(a Huntbbaofmzexbl cockKricxd iatthd co-lmobted Iba:geda;zcr béwudts. For entropy

SO AMEGH SBANGE S o ity PETBdar YA B PO heient base layer

LS RA B RGO N B8tk Ofok GE&o@hﬂWeﬁb{o‘REﬂf & th& bﬁian@&héht layer
In the base |ayéer, and enhancenent |ayer nmacrobl ocks

edmexthande A end w3 atcetic bamber afynen-zer trans framr cok ffiidos lavels (given
§3l1( il"ggl?éio'eff( coeff token )) in the enhancement layer block blkA located to the left of
the current block and the base layer block blkB located above the current block,
respectively.

[00162]  After entropy decoding, information is saved by decoder 28 for entropy
decoding of other macroblocks and deblocking. For only base layer decoding with no
enhancement layer decoding, the TotalCoeff( coeff token ) of each transform block is
saved. This information is used as context for the entropy decoding of other
macroblocks and to control deblocking. For enhancement layer video decoding,
TotalCoeff( enh _coeff token ) is used as context and to control deblocking.

[00163] In one aspect, a hardware core in decoder 28 is configured to handle entropy
decoding. In this aspect, a DSP may be configured to inform the hardware core to
decode the P frame with zero motion vectors. To the hardware core, a conventional P

frame is being decoded and the scalable decoding is transparent. Again, compared to



[ 00158] According to one aspect of a P slice encoding
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enhancenent |ayer MB, to produce a single |ayer of
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kefiaicel iaforaiatign bWe 29IMBEE2 riec@rd st@iEcsOEadRvVa( getifies the
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bese ddicn gollaeatdd doodotias aomenmeoe fii@ynthaha fdldedng applics:
Enhancenent Layer Intra Macrobl ock Decodi ng [ 00160]

For enhancenent |ayer intra macrobl ock decodi ng,

during eptla@pycdespdi ng of transform coefficients,
CAVLC may require context information which is handl ed

di f f er ent | yumeodbasts + Byer decodi ng and enhancenent
| ayer de odja&)%. Tg,e gont ext information includes the
nunber SPCHbHA%RS T Phnsf or m coef ficient |evel's (given

by numcoeff vilc=1;
else if (base nC < 8)
numcoeff vlc=2;
Else
numcoeff vlc = 3;
Otherwise, nC is found using the H.264 standard compliant technique and numcoeff vlc
is derived as follows:
if (nC <2)
numcoeff vlc=4;
Else if (nC < 4)
numcoeff vlc = 35;
Else if (nC < 8)

numcoeff vlc = 6;



Tot al Coeff( coeff token )) in the block of transform
coefficient levels located to the left of the current
whbk@ch1id kA) and t he bl ock of transform coef f PCT/E81007/065550
| evel s | ocated above the current block (bl kB). [00161]
For entropy decoding of enhantlnent |ayer intra
macr obl ocks with non-zero coefficient base | ayer
co-Iocaﬁﬁd macr obl ock, the context for decodi ng coeff
token is the number of nonzero coefficients in the
co- | ocat ednlpassft apetr 7pl ocks. For entropy decodi ng of
enhancenent | ayer intra macrobl ocks with all-zero
coefficients base | ayer co-located macrobl ock, the
context for decoding coeff token is the enhancenent
| ayer context, and nA and nB are the nunber of
non-zero transform coefficient |evels (given by
Tot al Coef f( coeff token )) in the enhancenent |ayer
bl ock bl kA located to the left of the current bl ock
and the base | ayer bl ock bl kB | ocated above the
current bl ock, respectively. [00162] After entropy
decodi ng, information is saved by decoder 28 for
entropy decodi ng of other macrobl ocks and debl ocki ng.
For only base | ayer decoding with no enhancenent | ayer
decodi ng, the Total Coeff( coeff token ) of each
transform bl ock is saved. This information is used as
context for the entropy decodi ng of other macrobl ocks
and to control debl ocking. For enhancenent | ayer video
decodi ng, Total Coeff( enh coeff token ) is used as
context and to control debl ocking. [00163] In one
aspect, a hardware core in decoder 28 is configured to
handl e entropy decoding. In this aspect, a DSP may be
configured to informthe hardware core to decode the P
franme with zero notion vectors. To the hardware core,
a conventional P frane is being decoded and the
scal abl e decoding is transparent. Again, conpared
tosingl e | ayer decodi ng, decodi ng an enhancenent | ayer
| frame is generally equivalent to the decoding tine
of a conventional |I frame and P frame. [00164] If the
frequency of | frames is not larger than one frame per
second, the extra conplexity is not significant. If
the frequency is nore than one | frame per second
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Derivation Process for enh coeff token [00165] A
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now be

described. The syntax el enent enh_coeff_token may be
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enh coef.f sign
ng\m%ﬁn]iicﬂﬁ to}m numeactf vle —%-3
emle_fcéeffguomt ruenedff, vid- he \Ihﬁ&oefnvﬁatnl emnicﬁefa_nld—ll Aurcoeff vic=3
IJO.DCLI UTlI Dt d.t I Dtl ba: I Ul ||uti Ull UVEI 27 IVPE& JCLULICLI
dequences. |BAch VLC speciffti es the vallieo 10011
Totalr CqQr(jgnh_coefT_token) fTor a g oﬁn codewor @ enn
coeff toker. 'VLC sel ectin is depend Ent upon a
vari abl e nymggoeff _vlc that is deriveg) as fol | owsyl f
ed bl ock has!{ nonzero
coef fi cCi ent snot he foI I ovm'lmg appl i esfoi f (base_nC| &1 2)
IIUIILUCff VI U CI ST I I (babC_IIC ~ 4) IIUIILUCff VI |
# else if (%H}se nC < 8)1%uncoeff v|]t0= 2; Else|00
uncoeft vl[c = 3 a her , hC1Is }9. nd usi ng 3
. 264 st and Orlgal1 conpl i anmflﬁ(gchni que ahd nuncoef f (Ielc IS
derived as [fRll@ws: 1T (NG 2) nuncpehf vic = 4] Fse
H(nC < 4) Inuncoeff vlg = 5;
7 0111 1001 1101 101 1111 10 1001 0
8 0111 1000 1 1101 1001 1111 1111 1000 11
9 01111000 01 1101 1000 1 1111 1110 1 1000 101
10 0111 1000 001 1101 1000 01 1111 1110 01 1000 1000
11 01111000 0001 1 | 1101 1000 001 1111 1110 001 1000 1001 00
12 01111000 0001 0 | 1101 1000 0001 1111 1110 0001 1000 1001 01
13 0111 1000 0000 0 }}01 1000 0000 (1)(1)“ 11100000 1000 1001 100
14 0111 1000 0000 1101 1000 0000 1111 1110 0000 1000 1001 101
10 00 01
5 0111 1000 0000 1101 1000 0000 1111 1110 0000 1000 1001 110
110 01 10
P 0111 1000 0000 1101 1000 0000 1111 1110 0000 1000 1001 111
111 10 11
17 011111 1101 11 1111 110 1000 0
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Enhancement Layer Inter Macroblock Decoding

[00166]

Enhancement layer inter macroblock decoding will now be described. For

inter macroblocks (except skipped macroblocks), decoder 28 decodes the residual

information from both the base and enhancement layers. Consequently, decoder 28
may be configured to provide two entropy decoding processes that may be required for
each macroblock.

[00167]

macroblock, context information of neighboring macroblocks is used in both layers to

If both the base and enhancement layers have non-zero coefficients for a

decode coeff token. Each layer uses different context information.



two entropy decodings are applied for each MB, e.g.,

as illustrated in FIG 5. Assum ng both |ayers have
wmornraexiew coefficients for an MB, context i nfoPCEUS®NT/065550

of nei ghboring MBs is provided at both |ayers to

decode coeff token. Each layel) has its own context

i nformati on. [00170] After entropy decodi ng, sone

R RN S AR R Tt
pardp9rd¥esting BﬁothélsrﬁadrabflﬁEks%@QféB]@ckmg. For base layer decoding the
Tot al Coeff (coeff _token) is saved. If enhancenent | ayer

decgded HeKdichiy CP@"fmIﬁ insyed. tes cmaecmepy daycr deodng, the base
f

A e L R T

Fepdlat@inh cddD 131&3}1) diksapalr epatiety. The parameter TotalCoeff(

e e S o SRS e

i’ff&hﬁiﬂlgoiﬁ][rx nﬁ%fo%iockﬁ‘ whith B Exikay ele ba-gg fa 1u e Kuh M&tal Coeff(

base [Tayer Tot al Coeff (coefT _token) he enhancenent
t@fetokFot)a ITﬁtaé‘fJ‘be(f&rdmhcmfﬁ f tokek ¢ ) usaé asl gmﬂexa@ doode fte inter
e inter %I\{ﬁ? i n the enhancenent |ayer. In

%%OSFOSgS i H?gnl?ﬂ}ﬁ?rﬁ Hi°So used as a paraneter for

debl ocki ng the enhancenment |ayer video. [00172] Since
dequanti zati on i nvol ves intensive conputation, the

coef f i cilaiancement kaxer|Intesaengplask Regadlinged in a

R il e S T e S
i6endtion negd IMBodwdtan b@ﬂh&h&l?ase Bﬁa Ithd ayet@neanabe. Consequently,

conbi ned in the mcroprocesso ., .as described in
PHRCTHEIPY SIRFofinSseEe ﬁlaﬁ%leééare@claﬂ\/é%ke @a%&l@ﬁﬁra(t@pfm 5. Assuming

enﬁ‘?%)ogsghda[ E%K Shro REARAANEE TR VB | &% tww%lﬁn&?ﬂbonng

_ l'ock_pattern, 1ndicates co pat terns
MBs i ptoidedad bdthtlhmkto denodldm)eﬁh todioe.e Bealt [ay@yhas ity bde@ontext
B‘Zta In sonme instances, enh_coded_bl ock_pattern may

"TKGPEened to enh cbp, e.g., in Tables 12-15 bel ow.

m; ﬁgg n%tﬁét}%ggglg}; &\énc'g(t:hrnlg %&%g@gﬁﬁ§ﬁ Aa®ld fof HRNGYrop} BEcoding
eihttherdd8d ahdl deidoghang. elf hasentayerbedeordsoakbug isrperfnomed, the base layer
91écfofdeec{ ?otaléNa e¥t%coeff token) is saved. If enhancement layer video decoding is
performed, the base layer decoded TotalCoeff(coeff token) and the enhancement layer
decoded TotalCoeff(enh coeff token) are saved separately.

[00171] The parameter TotalCoeff(coeff token) is used as context to decode the base
layer MB coeff token including intra MBs which only exist in the base layer. The sum
of the base layer TotalCoeff(coeff token) and the enhancement layer
TotalCoeff(enh_coeff token) is used as context to decode the inter MBs in the
enhancement layer. In addition, this sum can also used as a parameter for deblocking the
enhancement layer video.

[00172] Since dequantization involves intensive computation, the coefficients from
two layers may be combined in a general purpose microprocessor before dequantization
so that the hardware core performs the dequantization once for each MB with one QP.

Both layers can be combined in the microprocessor, ¢.g., as described in the following

section.



dependi ng on the co-located base | ayer MB chp

base coded bl ock _pattern. [00174] For Case 1, in which
whawe/1caeed bl ock_pattern = 0, enh_coded_bl ockP@EUS®NTI065550

may be encoded in conpliance with the H 264 standard,

e.g., in the same way as the Yase | ayer. For Case 2,

i n which base coded bl ock _pattern O, the foll ow ng

approach can be used to convey the

enh_coded_bl ock_pattern. This approach may incl ude

t hree st(anﬁdlabappﬁtteﬂm(agmsn&oqmg for each | uma 8x8
bl ock where its correspondlga base | aye

03 bIldelenpancesent layqr magrelidock cbﬂﬁoeqh_ce@dchloesha)aﬁm indicates

gﬁﬁgﬁgéﬁ%ﬁﬁﬂﬁgggﬁﬂggS oca?agqgﬁgﬂ%% (%nghgyégégi %H& In
kinie mBynds, dSIfhf_edsdeddblbok _gatttdendyelbd sheremid tbichh_dbp, ¢.g., in Tables
an e

oul d be noted that 8x8 block is used as | e
PR ORI YU &ﬁPePsé@Pd@%mlah@gh Somrenarer B igncydfepinancement
%b]r&fllﬁcr%logk f:l;ﬁa RN codld %l&k?r%ﬁf%ﬁ{ ' &nci@iAn fwo BERECht ways

he nunber "of nonzero 8x8 bl'ocks and chronm
idpeoding lop thxt cct-haeatbézb@sel la)m M Btchpbescac@led ldoakipatitrnons

@Eﬂ?@ﬁmq?%?j 8%%@?%@ dgﬁéﬂFgggﬁ natlon is a

@rﬂhn@%eﬂmbiégﬁ&eﬁl&héﬁweﬂcaﬁ&f fﬂ%h@iﬁanée"‘wﬂ@ﬂieq{ %@4 standard, ¢.g.,

bpb, c Stan for the base |ayer chroma cbp

¢ sarge Wﬁsﬁs thepaesslariers Hon € aspudie whagh hﬁ@md@ijblmbmattern #0,
h%%gll %oc%hb eusF(I P 0.cO b tha e%ﬂ gggﬁﬂ&k jat S This

orrra e unc

Qﬂﬁo&ﬂdﬁﬁL@bm@kﬂﬁaiyqﬁn |nfornat|on except contexts 4
and 9. In cbp etg "X" stands for one bjt for a |unmm

8x8 bl ockep iwhin s Sﬁepcfm@a@h loma, Sx8<hlegkcahqre it gorraspgpdipg base
The: Gode hatd 63,d0bideGRMl B0 0B GodGE_tRLorki ARt er N

ontexts are speC|
drtb ceded] Bloak gpamémbcat ﬁ»wtheﬁ‘ﬁnhpnd&meﬁb]raymtlexzttsd gxSalbidciQ, The

Pl OTRSROLEG 5K RS (M0 £, 0 BNOL 0B
edekagkxidp il att Be dRrpB&lsAFIMBhRiochZ Therefore, other blocks of different
size are applicable.

Step 2. Based on the number of nonzero luma 8x8 blocks and chroma block cbp
at the base layer, there are 9 combinations as shown in Table 12 below. Each
combination is a context for the decoding of the remaining enh _coded block pattern
information. In Table 12, cbpyc stands for the base layer chroma cbp and > cbpy yv(b8)
represents the number of nonzero base layer luma 8x8 blocks. The cbpe,c and cbpey
columns show the new cbp format for the uncoded enh coded block pattern

e 9

information, except contexts 4 and 9. In cbp.y, “x” stands for one bit for a luma 8x8
block, while in cbpe,c, “xx” stands for 0, 1 or 2.

The code tables for decoding enh coded block pattern based on the different
contexts are specified in Tables 13 and 14 below.

Step 3. For contexts 4 and 9, enh _chroma coded block pattern (which may be
shortened to enh_chroma cbp) is decoded separately by using the codebook in Table 15

below.



Contexts used for decoding of enh coded bl ock pattern
(enh cbp) t ext cbpb, ¢ cbp b,g( b8) Cbpe, C Chpe, Y
woeowroisigyntool s 1 O 1 XX XXX 24 2 O 2 XX XX HQI/BSI00B065550
XX X6 404n an/l ab1l 2 OXXXX 16 6 1, 2 1 XXX 8

71 22XX481, 23X29% 24n/ an/ aThe
codebooks for different contexts are shown in Tabl es
13 and 14 bel ow. These COde'ggﬁE/é are based on

Sati st & LOLRCTRY GoRer 20N He60detiern o, cop

for enh coded bl ock pattern (enh cbp) Tabl e 14 Huf f man

codewor onte h code bl ock pattern
Conh E8he 00 £981 c oeptR B8 SRt Ext SoBo . RIED ey hs
cbp may be decofled separttely by uzskngxt he codeb@édk
shown i Table 05 bel ow.2 Tabl e 15 &edeword for enp
chroma cpded bl gck patteyn (ehn chiggra cbp) Derivagion
Process for QJaBtI zati ory Paramet er; [n9g176] A
derivati,on proGess for anti zati on parameters (CRSs)
w Il now be desefi bed. cSQ(Jnt ax el enent™#h gp delta’for
each mad obl ocli]’gonveys he macrobl oc®XQP. The ndhi nal
base |ayer QP, @b is aldo the QP use& for 4
quanti za8ion atl,Phe base&3 | ayer specifx ed using ni2 qp
delta imgthe maq(_:QobI ockyg i n base Ipayey aslice. The

nom nal enhancenent |ayer QP, QPe is also the QP used

for quantization at the enhancenent |ayer specified
th: paflehbolgdoridiffeent pornténds ensishamn ipbhldek! aygﬂ betew. Dpese

c{e'b qgsl 20 baseg on statistic information over 27 MPEG2 decoded sequences.



save

bits,

enhancenent

macr obl ock

between the two | ayers is onl

the QP difference between the base and

| ayers may be kept constant
waenditmg2nb qp delta for each enhancenent
In this way,

t he

i nst ead

| ay ePCT/US2007/065550
difference nb gp delta
sent on a franme basis.

of

[00177] Based on QPb and CPe a difference QP call ed
delta layer qgp is defi ned ta | ayer gp = QPb -
The t|z EﬁréﬁP ég’ e enh nce

ey epia ey SN it o dia_bligkcpitern (en
exi stence of_nhon-zero coefficient Ipvpl at thp hase
| ayer and Ryntskel t a | ayer qmumdm order tlaofieaizl itate a
Si nglre—de—guart+Zat+or—opptattonTror—tha—erhancerent
Iayersnmeffwdkents erdledbp a hayer g jonirreby bemﬁestr gthetp
such [That elta ayer_qp¥p = 0. @ ven (fjese two
quantPties Phe Q| Ps der|Ved as|followd:® 1. 1f|the
base |l ayer |gg; | ocated MB hgs no mgn-zerd goefficjent,
nonrnal P¢ wll be used, }since only thg enhancenent
coefoC|ent$1need 1@ be d=dmded 2. If 111 3
del t a—tayet—ap¥—=6—PRets—stiHH—used{or—the
enhanéenent] ll&@yer, | Ao mat [ &l wheffRer t hdridllare |2
non-Zero cqefficients or pot. ThiS IS bgsed on [ne
fact |f'hat tﬂ@nquan1?zatio “Qﬂep 3i'ze doudﬂ@g)for4every
i ncrenent 4¢f,, 8 in . [00L{8] The,follovfing, pperation
descilihes flhe jnverse qrra’n‘r zatigon procdgss (denpted as
Q 1) |[ko neneeoct he base | ayerioand Bhe enHancenent | ayer
coef fHetentfs—dethed—as—fEb—antd—te—resectively—Fe—=
(Cb(QPb) " |(d® ta | ayer qgpl@BY1) +6C (QP]) )wherg Fe
denot%s in erse quanti zed ennancement 1T gyer
coeffrcientQ(ﬂnd Q ¥ indil an’i nverge quantj zati on
functigon. [1Q047%9] |f,the p 516a3?f co-l|ocat ed
macr oblock lhas nontzero chefficient and
del taibayer1gp% 0;2 i nvefseoquantpzati qn of base and
enhanpcerentt—tayer—coetHefents—use—QPb—gnrd—QPe
respedti velly101The ebhhancep®f ll0ayé@r coef|ficients are
deri yed as [T ol T ows

12 171101 9

13 111110 | 11

14 11111 |13

15 1111101 | 14

16 1101011 | 16

17 1101 001 | 23

18 1101 0101 | 17

19 1111 1000 | 18

20 1101 0000 | 19

21 1111 1001 | 20

22 1101 0100 | 21

23 1101 0001 | 22

cbp)
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[00175] Step 3. For contexts 4-9, chroma enh cbp may be decoded separately by
using the codebook shown in Table 15 below.

Table 15
Codeword for enh_chroma_coded block pattern (ehn_chroma cbp)

enh_chroma_cbp | code
0 0
1 10

2 11




debl ocking filter process for each chroma conponent is

perfornmed on two 8-sanpl e edges, for the horizontal
waleoogatiion and for the vertical direction, e.gPCT/EHS2007/065550

shown in FIG 13. Luma boundaries in a macroblock to

be filtered are shown with so}id lines in FIG 13.

FIG 13 shows chroma boundari es in a nacroblock to be

filtere vvl.thd hed In FIG 13,

refer enf:b ﬁlfﬁlé’fl gcﬁs%or @'?lﬁn{ﬁ‘g?o@ PSS cal edges

fomn 76Jumes aaélvagibh @rated fob Glidnfigatidrespaaéter@QPs) el Iﬁfvﬁ‘B@ e
nunmerals 174, 176 indicate horizontal edges for

dergribesk ovata dleraentaed_dpedghader cash ynacebies Ovawéhe macroblock

R0 95 )l e TR AP BR Ts

lyocspssifiop amag inthn qp defbtar @Ntlﬂljﬁadfmﬂbﬂcbhm bks hyer sised Ths nominal

put to eblockl g filter process . on the cur
ﬁ%@?%lﬂf‘d]é yah@Pnije bt e e QU cﬁ@rfql@aﬂ%ﬂalfopﬁbthﬁweﬁancement

Lgkrt sﬁo@&l@i@d ggln% r({e‘f‘tgtin HRChA %Q&Bbloé\i@ £ ¥& QP%[erlvatlon to

ed duri Terl ng of vertical es are used
seseibmtpithe Q@rdlffh@ncﬁa bateedmityc bhsetdnd ehbanczmnntdhymjges bk dept
the S obl,ock.. [ 00 he, H. 264 st andar d

8P IR0 AL SRIEIESHD 1 it Pt bichicadh i nistgb Sk, o
{h%/@h  tRNOPIIfréeRce b QpTBEItOLtREG M8 Bfo 1:9cH8EbAIS sbht®n a frame
boundary filtering strength. MB QPs are Used to obtain
bases.t hr eshol d whi ch i ndi cates whether the input
es edopFor ck i.n )

ﬁ@es pifgagg% op f’nl%(p?rrh*t b %ltrf]f%gern ggﬁrcgﬁg(ﬁg?lgﬁv\/gr ¢ IPFD deﬁned as-
t he enhancenent |ayer video, proper information is
generated. In this exanple the filtering process is
applied to dAckatlapy @ giPes&Mpl es across a 4x4 bl ock
hori zontal or vertical edge denoted as Pland g with i
=0, 1, 2, or 3 as shomnin FIG 14, with the edge 178
The qmanltieﬁtime(@P R Roy aivetl fqmthel-_dn@anc]:ﬂleﬁplayérfiis deriRtldnastdipn two

thi 0 to 3. 0185 The.decqdi of an
Eictoin ahtengxiniers 10r et &%ed?%aéaaer D) |
f&ipmeyandp afddas: tb%&rda@eya%mgé @diqeh@haties bt &ion Mr the
debl’ockl ng filter is applied on tqhe reconstructed base
tehpecenent tayrecdeéfigenss oleltadayrseqh may pe ediroted ush that

TS aeapro ¥ oiambaEh ARHEE ol FoteEnas RIRN

enhancenenu | ayerthd bdse 3R 8YodadWIBESE ha Rbezerdodfficient,
alternative, the foll ow n%@crl teriacan be used to

nemingbQBowikbg ysefli ipesranhythstenbsnsemeniymptiicienss yesditabp decoded.
bS can be derived QP.y = QP.

2. Ifdelta_layer qp%6 =0, QP, is still used for the enhancement layer, no
matter whether there are non-zero coefficients or not. This is based on the fact that the
quantization step size doubles for every increment of 6 in QP.

[00178] The following operation describes the inverse quantization process (denoted
as Q) to merge the base layer and the enhancement layer coefficients, defined as Cy,
and C,, respectively,

F. = Q'((Cy(QPy) << (delta_layer qp/6))+ C(QP.))



as follows. The value of bSis set to 2 if either of
the following conditions are true: a . The 4x4 |uma

whbk@ch1zaent ai ni ng sanple p o contai ns non-zer oPCT/US2007/065550

transformcoefficient levels and is in a nmacrobl ock
coded using an intra 4x4 nacrdbl ock prediction node;
or b. The 4x4 lunma bl ock contai ning sanple qgo contains

- f effici | | A i A g
B B A RGBT 8 s o

prvedt ghamiati®dRinctidn. nei t her of the above conditions is
true, then the bS value is set to equal 1. [00186] For
07 Yred T therhasq lagerdgalocated aergblosk has nemeese cpgcient and

?ﬁg‘gg‘l&ﬁiﬁbgﬁg?’ ergea(ﬂlagﬁza“atﬁﬁ%‘?%?segaﬁlg%ﬁféﬁlgé%lggﬁgge’? BO¥icients

ayer. Because o
c@a Py aida@i srefpreotivd WoT hayrdascaiat yubiaeéliciciBe a@udrevehss
gﬁnber of non-zero transformcoefficient levels is
9¥st o deci de the boundary strength in debl ocking, it
is inmportant to define how to calculate the nunber of
non-zero transformcoefficients |l evels of each 4x4
bl ock at thd.en@anCePal) + 6C.(QPHe used at
debl ocki ng. Inproperly increasing or decreasing the
nunber could either over-snooth the picture or cause
Phoakiaass of thag hitdhd @PL QQINR. | SndQPLYEds BSscl @h BVEimalQPs
If the block edge is also a macr obl ock edge and the
cQftpt eyl QPgv)alitrsgeompetcts®r ks follofsame macr obl ocks, and
either of the sanples p o or gqO is in a macrobl ock
coded using an intra macrobl ock prediction node, then
the val u@, +@lip3B0j 31, QP, 2+ Hrb@n Wps endek fofiet her of the
sanples pOor gqq is in a nmacrobl ock coded using an
i ntra macrobl ock prediction node, then the value for
i e i i 99, I :
et'esxbﬁ%nc for bh%l%atﬁg or J fpﬁén%ﬁgenp@%:chh%? ‘IqB n%llag)f_g))géet 18

una cont ai ni ng sanpl'e pO or t

defintediim thegpistaryylacamjgeicen taad G3ipA anthz éoltowing nsfleanmtical function:

coefficient levels, or, at the enhancenent |ayer, the
4x4 | uma bl ock contai ni*‘ng ganpl e pO or the 4x4 | uma
bl ock cont &liB3(g Ysanple qq comt ai ns non-zero transform

coefficient levels, then.  mewise

[00180] The value of QPy ¢ may be determined as specified in Table 16 below.

Table 16
Specification of QP c as a function qP;

qPy <30 |30(31(32|33]|34|35(36|37(38(39]|40(41(42)|43]|44|45|46|47|48(49

50

51

QP ¢ gPr |29(30(31|32|32(33|34|34(35(35|36|36(37|37|37(38|38|38|39(39

39

39

For the enhancement layer video, MB QPs derived during the dequantization are used in

deblocking.

Deblocking

[00181] For deblocking, a deblock filter may be applied to all 4x4 block edges of a

frame, except edges at the boundary of the frame and any edges for which the

deblocking filter process is disabled by disable deblocking filter idc. This filtering




the value for bSis 2. 4. Oherw se, output a value of

1 for bS, or alternatively use the standard approach.
w@hanned12swi t ch Frames [00187] A channel sw t cPCT/D82087/065550

may encapsul ated in one or nore suppl enment al

enhancenent information (SEI)NAL Units, and may be

referred to as an SEI Channel Switch Frane (CSF). In

exa t.he SEI adTypef |
B85 R sl s e (AT SRR ORI Gl f Wrame
sRRELEEChrbeesy wdth 2 13n&roB1 6k sth 4 Ghnft B, in SRler BBHRreasing
and SElI CSF nessage syntax may be provi ded as set

mgetoRlack addiesses 17 and 18 bel ow. Table 17 SEI RBSP

I
ISE, V30 B P T FREARE P Rt B O (EMBLIg Blcr
pﬂmaéssofrha dblaiedﬂh@ﬁﬁér pro&dsk eeinoskek fot uhe durmdn amhchrSrna components
specified in clause 7 of the H 264

SaparHdY- SOH tach Mackabdockoggric gﬂg%@%ﬁ& 3%5 fé@n%ﬁ tyyight, and
{riad %eer&&rltedgésaﬂé RRELed RFH 9@% bBﬁ&ﬂﬁe'FoP 9 1m§crobrock the
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[005183]08 IWIHIG b réﬁﬁﬁcé murdeaRdg0f e 1§$|ca16$Ertchhﬁing for lurna and
slice coexisting with the SEI CSF will not be decoded
gifame Adtepng, resngetdeclg Rﬁfebﬁ%earmera&elﬂ‘h h/& mgisptedporigprial edges

R R L
sense matroblicRulat emageraye already been modified by the deblockmg filter
process operation on previous macroblocks are used as input to the deblocking filter
process on the current macroblock and may be further modified during the filtering of
the current macroblock. Sample values modified during filtering of vertical edges are
used as input for the filtering of the horizontal edges for the same macroblock.

[00184] Inthe H.264 standard, MB modes, the number of non-zero transform
coefficient levels and motion information are used to decide the boundary filtering
strength. MB QPs are used to obtain the threshold which indicates whether the input
samples are filtered. For the base layer deblocking, these pieces of information are
straightforward. For the enhancement layer video, proper information is generated. In
this example, the filtering process is applied to a set of eight samples across a 4x4 block
horizontal or vertical edge denoted as piand qi with1=0, 1, 2, or 3 as shown in FIG. 14,
with the edge 178 lying between po and qo. FIG. 14 specifies p; and g; with 1 =0 to 3.
[00185] The decoding of an enhancement I frame may require a decoded base layer I
frame and adding interlayer predicted residual. A deblocking filter is applied on the
reconstructed base layer I frame before being used to predict the enhancement layer I
frame. Application of the standard technique for I frame deblocking to deblock the

enhancement layer I frame may be undesirable. As an alternative, the following criteria
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enhancement | ayer vid data in cond. NAI it, .and .
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modul e BO20kREwIseCiebithd? & f RNAASABOtor lg8YEM a macroblock coded
using an intra macroblock prediction mode, then the value for bS is 3.

3. Otherwise, if, at the base layer, the 4x4 luma block containing sample p0
or the 4x4 luma block containing sample q0 contains non-zero transform coefficient
levels, or, at the enhancement layer, the 4x4 luma block containing sample p0 or the 4x4
luma block containing sample q0 contains non-zero transform coefficient levels, then
the value for bS is 2.

4. Otherwise, output a value of 1 for bS, or alternatively use the standard

approach.

Channel Switch Frames
[00187] A channel switch frame may encapsulated in one or more supplemental

enhancement information (SEI) NAL Units, and may be referred to as an SEI Channel



video data in a second NAL unit, a nodule 194 for

recei ving one or nore syntax elenments in at |east one
wo@Roorhes1pd r st and second NAL units to indi cat ePQI/ESEHNTES550

of enhancenent |ayer video data in the second NAL

unit, and a nodule 196 for detbdingthe digital video

data in the second NAL unit based on the indication
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payloadSize += last_payload_size byte

channel switch frame slice data 5

}

The syntax of channel switch frame slice data may be identical to that of a base layer I
slice or P slice which is specified in clause 7 of the H.264 standard. The channel switch
frame (CSF) can be encapsulated in an independent transport protocol packet to enable
visibility into random access points in the coded bitstream. There is no restriction on
the layer to communicate the channel switch frame. It may be contained either in the
base layer or the enhancement layer.

[00188] For channel switch frame decoding, if a channel change request is initiated,

the channel switch frame in the requested channel will be decoded. If the channel
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layer video data and include it in a NAL unit. Module 186 may include one or more
aspects of NAL unit module 23, which includes one or more syntax elements in at least
one of a first and second NAL unit to indicate presence of enhancement layer video data
in the second NAL unit. In one example, the one or more syntax elements are provided
in the second NAL unit in which the enhancement layer video data is provided.

[00190] FIG. 16 is a block diagram illustrating a digital video decoding apparatus 188
that decodes a scalable video bitstream to process a variety of exemplary syntax
elements to support low complexity video scalability. Digital video decoding apparatus
188 may reside in a subscriber device, such as subscriber device 16 of FIG. 1 or FIG. 3.
video decoder 14 of FIG. 1, and may be realized by hardware, software, or firmware, or
any suitable combination thereof. Apparatus 188 includes a module 190 for receiving
base layer video data in a first NAL unit, a module 192 for receiving enhancement layer
video data in a second NAL unit, a module 194 for receiving one or more syntax
clements in at least one of the first and second NAL units to indicate presence of

enhancement layer video data in the second NAL unit, and a module 196 for decoding



the NAL unit includes enhancenent |ayer video data. 2.

The nmethod of claim 1, further conprising including
wo@p@7o151epre syntax el enents in the NAL unit tBCT/US2007/065550

indicate a type of raw byte sequence payl oad (RBSP)

data structure of the enhanceient |ayer data in the

NAL unit. 3. The nmethod of claiml, further conprising
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data includes any residual data'relative to the base
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RN el P eS8 it TR P B i el B ggte on

eoripitieRagabidamadivhe rCompRtiCicdd ] PamediariB inslatic c@npihteiCRorage
of a reference picture or a slice data partjtion of a
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SO RFRIAISA M sl dhe s e Gt dus [d9nd RRirg@ioh focBiR&ho9f(SDRAM), read-
nonzero coefficients in intra-coded

only memory (ROM), non-volatile random access memory (NVRAM), ROM,
electrically erasable programmable read-only memory (EEPROM), EEPROM, FLASH
memory, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
computer.

[00193] Also, any connection is properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. Disk and disc, as used herein,

includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy

disk and blu-ray disc where disks usually reproduce data magnetically, while discs



bl ocks in the enhancenent |ayer video data with a
magni tude | arger than one. 9. The nethod of claim1,
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payl oad (RBSP) data structure of the enhancenent |ayer
data in the NAL unit.14. The apparatus of claim 12,
wherein the NAL unit nodul e includes one or nore
syntax elenents in the NAL unit to indicate whether
t he enhancenent |ayer video data in the NAL unit
i ncludes intra-coded video data. 15. The apparatus of
claim12, wherein the NAL unit is a first NAL unit,
wherein the NAL unit nodul e i ncl uees base | ayer video
data in a second NAL unit, and



wherein the NAL unit nodul e i ncludes one or nore
syntax elenents in at | east one of the first and
wG@emonts1IMAL units to indicate whet her a decodePCHOSIDT065550

use pi xel domain or transform domain addition of the
enhancerment |ayer video data @ th the base |ayer video
data. 16. The apparatus of claim 12, wherein the NAL
unit is a first NAL unit, %ﬂg%@ﬁ% unit nodul e includes
base | ayer video data in a NAL unit, and
wherein the NAL unit nodul e includes one or nore
syntax elenents in at | east one of the first and
Second Mamethedifer ranspeiding acdabip digifel videreddmithn et

- .yj.deo data includes any residual data relative
%%Mﬁﬁgm%ase | ayer video data. 17. The apparatus of
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thedN Abpait anasles fenkednaemeritdayentvateeidatat he NAL unit nodul e
i ncludes one or nore syntax elenents in the NAL unit
to identify blocks within the enhancenent |ayer video

data contrRifithed HONaiZET, Fukth@tehPFiing 9edIhdifk 8AE oSMBled¥ntax
el enents. 19. The apparatus of claim 12, erein the

plamentsiin thodiLeunitiolindiesfe o mepear rang batosspanenge pidpahiRBSP) data
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enhance a signal-to-noise ratio o
method further comprising including base layer video data in a second NAL unit, and

including one or more syntax elements in at least one of the first and second NAL units
to indicate whether a decoder should use pixel domain or transform domain addition of

the enhancement layer video data with the base layer video data.

5. The method of claim 1, wherein the NAL unit is a first NAL unit, the
method further comprising including base layer video data in a second NAL unit, and
including one or more syntax elements in at least one of the first and second NAL units
to indicate whether the enhancement layer video data includes any residual data relative

to the base layer video data.

6. The method of claim 1, further comprising including one or more syntax
clements in the NAL unit to indicate whether the NAL unit includes a sequence
parameter, a picture parameter set, a slice of a reference picture or a slice data partition

of a reference picture.



t he base | ayer video data. 22. The apparatus of claim
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11. The method of claim 1, wherein including one or more syntax elements in
the NAL unit to indicate whether the NAL unit includes enhancement layer video data
comprises setting a NAL unit type parameter in the NAL unit to a selected value to

indicate that the NAL unit includes enhancement layer video data.

12. An apparatus for transporting scalable digital video data, the apparatus
comprising:

a network abstraction layer (NAL) unit module that includes encoded
enhancement layer video data in a NAL unit, and includes one or more syntax elements
in the NAL unit to indicate whether the NAL unit includes enhancement layer video

data.

13. The apparatus of claim 12, wherein the NAL unit module includes one or
more syntax elements in the NAL unit to indicate a type of raw byte sequence payload

(RBSP) data structure of the enhancement layer data in the NAL unit.



28. The apparatus of claim 24, wherein the NAL unit is

a first NAL unit, the apparatus further conprising
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NAL unit, and nmeans for including one or nore syntax

el enents in at |east one of the first and second NAL

units to indicate whether the enhancenent |ayer video

data includes any residual data relative to the base

| ayer video data. 29. The apparatus of claim 24,
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i ncl udi ng one or .S ax elepents in the. NAL unit
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to i ndicate whether the NAL unit includes enhancenent

| ayer video data conprises neans for setting a NAL
Uhi t typdepapaneseof ciam 12, wherein the NAL unit module includes one or

more syntax elements in the NAL unit to indicate whether the NAL unit includes a
sequence parameter, a picture parameter set, a slice of a reference picture or a slice data

partition of a reference picture.

18. The apparatus of claim 12, wherein the NAL unit module includes one or
more syntax elements in the NAL unit to identify blocks within the enhancement layer

video data containing non-zero transform coefficient syntax elements.

19. The apparatus of claim 12, wherein the NAL unit module includes one or
more syntax elements in the NAL unit to indicate a number of nonzero coefficients in
intra-coded blocks in the enhancement layer video data with a magnitude larger than

one.
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NAL unit includes enhancenent |ayer video data. 35. A
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(NAL) unit, and include one or more syntax elements in the NAL unit to indicate

whether the NAL unit includes enhancement layer video data.

24. An apparatus for transporting scalable digital video data, the method
comprising:

means for including enhancement layer video data in a network abstraction
layer (NAL) unit; and

means for including one or more syntax elements in the NAL unit to indicate

whether the NAL unit includes enhancement layer video data.

25. The apparatus of claim 24, further comprising means for including one or
more syntax elements in the NAL unit to indicate a type of raw byte sequence payload

(RBSP) data structure of the enhancement layer data in the NAL unit.

26. The apparatus of claim 24, further comprising means for including one or
more syntax elements in the NAL unit to indicate whether the enhancement layer video

data in the NAL unit includes intra-coded video data.
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data i ncludes no residual data relative to the base
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30. The apparatus of claim 24, further comprising means for including one or
more syntax elements in the NAL unit to identify blocks within the enhancement layer

video data containing non-zero transform coefficient syntax elements.

31. The apparatus of claim 24, further comprising means for including one or
more syntax elements in the NAL unit to indicate a number of nonzero coefficients in
intra-coded blocks in the enhancement layer video data with a magnitude larger than

one.

32. The apparatus of claim 24, further comprising means for including one or
more syntax elements in the NAL unit to indicate coded block patterns for inter-coded

blocks in the enhancement layer video data.

33. The apparatus of claim 24, wherein the NAL unit is a first NAL unit, the

apparatus further comprising means for including base layer video data in a second



wherei n the enhancenent | ayer video data is encoded to

enhance a signal-to-noise ratio of the base | ayer
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recei ving one or nore syntax elenments in the NAL unit

to indicate whether the NAL Uit includes enhancenent

| ayer video data conpri ses recelving a NAL unit type

ﬁ%L %nl{ 6mﬁi ng eg% tge eﬂgancplﬁlgntnﬂter Jhd[ep a‘ﬁl Celnh%%cgs a 51gnael to-noise
efiddTeRmRE dyayeidey tigteo data. 45. An apparatus for
processi ng scal able digital video data, the apparatus
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wherein the NAL unit nodul e detects one or nore syntax
klyemed¢sddtm the NAL unit to deternine a type of raw
byt e sequence payl oad (RBSP) data structure of the
enhancenent |ayer data in the NAL unit. 47. The

appar at us cehpeibAhidhhen pfﬁ!ﬁﬁd‘t%ﬂr&rﬁ?o%’&i‘—sddmble lvédeo data
detects one or noré syntax el enen in the NAL unit to
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thadN Ad @sit dmyudes shicknabmekatiayar eidebidaa. t 0 t he base Iayer
vi deo data, and the decoder skips decodi ng of the
enhancenent | ayer video data if it is determ ned that

she enhaNeRIRAlfor processing scalable digital video data, the method comprising:
receiving enhancement layer video data in a network abstraction layer
(NAL) unit;
receiving one or more syntax elements in the NAL unit to indicate whether
the NAL unit includes enhancement layer video data; and

decoding the digital video data in the NAL unit based on the indication.

37. The method of claim 36, further comprising detecting one or more syntax
clements in the NAL unit to determine a type of raw byte sequence payload (RBSP)

data structure of the enhancement layer data in the NAL unit.

38. The method of claim 36, further comprising detecting one or more syntax
elements in the NAL unit to determine whether the enhancement layer video data in the

NAL unit includes intra-coded video data.
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detecting one or more syntax elements in at least one of the first and second
NAL units to identify blocks within the enhancement layer video data containing non-
zero transform coefficient syntax elements; and

detecting one or more syntax elements in at least one of the first and second
NAL units to determine whether pixel domain or transform domain addition of the
enhancement layer video data with the base layer data should be used to decode the

digital video data

41. The method of claim 36, further comprising detecting one or more syntax
clements in the NAL unit to determine a number of nonzero coefficients in intra-coded

blocks in the enhancement layer video data with a magnitude larger than one.

42. The method of claim 36, further comprising detecting one or more syntax
elements in the NAL unit to determine coded block patterns for inter-coded blocks in

the enhancement layer video data.
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the NAL unit includes enhancenent |ayer video data. 54.

A processor for processing scdl able digital video
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NAL unit to determne a type of raw byte sequence

payl oad (RBSP) data structure of the enhancenent |ayer
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indication.

46. The apparatus of claim 45, wherein the NAL unit module detects one or
more syntax elements in the NAL unit to determine a type of raw byte sequence payload

(RBSP) data structure of the enhancement layer data in the NAL unit.

47. The apparatus of claim 45, wherein the NAL unit module detects one or
more syntax elements in the NAL unit to determine whether the enhancement layer

video data in the NAL unit includes intra-coded video data.

48. The apparatus of claim 45, wherein the NAL unit is a first NAL unit,
wherein the NAL unit module receives base layer video data in a second NAL unit, and
wherein the NAL unit module detects one or more syntax elements in at least one of the
first and second NAL units to determine whether the enhancement layer video data
includes any residual data relative to the base layer video data, and the decoder skips
decoding of the enhancement layer video data if it is determined that the enhancement

layer video data includes no residual data relative to the base layer video data.
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or more syntax elements in the NAL unit to determine a number of nonzero coefficients
in intra-coded blocks in the enhancement layer video data with a magnitude larger than

one.

51. The apparatus of claim 45, wherein the NAL processing module detects one
or more syntax elements in the NAL unit to determine coded block patterns for inter-

coded blocks in the enhancement layer video data.

52. The apparatus of claim 45, wherein the NAL unit is a first NAL unit, the
NAL unit module including base layer video data in a second NAL unit, and wherein
the enhancement layer video data is encoded to enhance a signal-to-noise ratio of the

base layer video data.

53. The apparatus of claim 45, wherein the NAL unit module receives a NAL
unit type parameter in the NAL unit that is set to a selected value to indicate that the

NAL unit includes enhancement layer video data.
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means for receiving enhancement layer video data in a network abstraction
layer (NAL) unit;

means for receiving one or more syntax elements in the NAL unit to indicate
whether the NAL unit includes enhancement layer video data; and

means for decoding the digital video data in the NAL unit based on the

indication.

56. The apparatus of claim 55, further comprising means for detecting one or
more syntax elements in the NAL unit to determine a type of raw byte sequence payload

(RBSP) data structure of the enhancement layer data in the NAL unit.

57. The apparatus of claim 55, further comprising means for detecting one or
more syntax elements in the NAL unit to determine whether the enhancement layer

video data in the NAL unit includes intra-coded video data.

58. The apparatus of claim 55, wherein the NAL unit is a first NAL unit, the
apparatus further comprising:

means for receiving base layer video data in a second NAL unit;

means for detecting one or more syntax elements in at least one of the first
and second NAL units to determine whether the enhancement layer video data includes

any residual data relative to the base layer video data; and
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means for skipping decoding of the enhancement layer video data if it is
determined that the enhancement layer video data includes no residual data relative to

the base layer video data.

59. The apparatus of claim 55, wherein the NAL unit is a first NAL unit, the
apparatus further comprising:

means for receiving base layer video data in a second NAL unit;

means for detecting one or more syntax elements in at least one of the first
and second NAL units to determine whether the first NAL unit includes a sequence
parameter, a picture parameter set, a slice of a reference picture or a slice data partition
of a reference picture;

means for detecting one or more syntax elements in at least one of the first
and second NAL units to identify blocks within the enhancement layer video data
containing non-zero transform coefficient syntax elements; and

means for detecting one or more syntax elements in at least one of the first
and second NAL units to determine whether pixel domain or transform domain addition
of the enhancement layer video data with the base layer data should be used to decode

the digital video data

60. The apparatus of claim 55, further comprising means for detecting one or
more syntax elements in the NAL unit to determine a number of nonzero coefficients in
intra-coded blocks in the enhancement layer video data with a magnitude larger than

one.

61. The apparatus of claim 55, further comprising means for detecting one or
more syntax elements in the NAL unit to determine coded block patterns for inter-coded

blocks in the enhancement layer video data.

62. The apparatus of claim 55, wherein the NAL unit is a first NAL unit, the
apparatus further comprising means for including base layer video data in a second
NAL unit, and wherein the enhancement layer video data is encoded to enhance a

signal-to-noise ratio of the base layer video data.
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63. The apparatus of claim 55, wherein the means for receiving one or more
syntax elements in the NAL unit to indicate whether the respective NAL unit includes
enhancement layer video data comprises means for receiving a NAL unit type parameter
in the NAL unit that is set to a selected value to indicate that the NAL unit includes

enhancement layer video data.

64. A computer program product for processing of scalable digital video data
comprising:  a computer-readable medium comprising codes for causing a computer
to:
receive enhancement layer video data in a network abstraction (NAL) unit;
receive one or more syntax elements in the NAL unit to indicate whether
the NAL unit includes enhancement layer video data; and

decode the digital video data in the NAL unit based on the indication.



