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[0004] Fine granularity scalability (FGS) generally refers to the ability to arbitrarily
truncate a video bitstream to achieve graceful degradation of video quality within a
given bit rate range. An FGS-encoded video bitstream includes a base layer of a
specified quality, and one or more enhancement layers that are linked to the base layer.
The enhancement layers include additional data to refine the quality of the base layer.
As more of the FGS bitstream is received and decoded, via one or more enhancement

layers, the quality of the decoded video improves.

SUMMARY

[0005] In general, the disclosure is directed to FGS video coding techniques that make
use of cycle-aligned fragments (CAFs). The FGS video coding techniques may perform

cycle-based coding of FGS video data block coefficients and syntax elements, and
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encoding fine granularity scalability (FGS) video data blocks in cycles, and

encapsulating the cycles in a plurality of fragments such that a start of each of the
fragments substantially coincides with a start of one of the cycles.

[0009] In another aspect, the disclosure provides a video encoder comprising a cycle-
based coding module that encodes fine granularity scalability (FGS) video data blocks
in cycles, and a fragmentation module that encapsulates the cycles in a plurality of
fragments such that a start of each of the fragments substantially coincides with a start

of one of the cycles.



fragments such that a start of each of the fragnents
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BRIEF DESCRIPTION OF DRAWINGS

[0014] FIG. 1 is a block diagram illustrating a video encoding and decoding system.
[0015] FIG. 2 is a diagram illustrating multi-layer FGS encoding of a video bitstream.
[0016] FIG. 3 is a diagram illustrating zigzag scanning of block coefficients for FGS
coding of a video frame.

[0017] FIG. 4 is a diagram illustrating an example of cycle-based coding of coefficients
in an FGS slice for video blocks arranged in zigzag scanning order.

[0018] FIG. 5 is a diagram illustrating an example of cycle-based coding of coefficients

in an FGS slice for video blocks arranged in order of transmission.



in an FGS slice for video bl ocks arranged in zigzag
scanning order. [0018] FIG 5 is a diagram
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coefficients in an FGS slice for video bl ocks
arranged in order of transm ssion. WO 2008/ 008888
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use of cycle-aligned fragments (CAFs). The FGS video coding techniques may perform
cycle-based coding of FGS video data block coefficients and syntax elements, and
encapsulate the resulting coding cycles in fragments for transmission via network
transmission units, such as network abstraction layer (NAL) units. In accordance with
this disclosure, the fragments may be cycle-aligned such that a start of each of the
fragments substantially coincides with a start of one of the cycles. In this manner,
coding cycles can be readily accessed via individual fragments.

[0029] Each of the cycles may represent at least a portion of a zigzag order scan of one
or more blocks of transform coefficients. At least some of the cycles may span coding
coefficients associated with a plurality of blocks. The FGS video data blocks may form
part of an FGS slice of video data. In some aspects, the FGS slice may be a progressive
refinement (PR) slice, although the techniques described in this disclosure are not

necessarily limited to PR slices. At least some of the cycles may be controlled with a
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sirnultaneously decoded. Accordingly, at least some fragments may be decoded
simultanecously with at least portions of other fragments, so that it is not necessary to
wait for completion of decoding of other fragments. Instead, as discussed above, at
least some fragments may be decoded contemporancously in parallel with decoding of
at least a portion of other fragments, ¢.g., without waiting for completion of decoding of
other fragments.

[0032] FIG. 1 is a block diagram illustrating a video encoding and decoding system 10.
As shown in FIG. 1, system 10 includes a source device 12 that transmits encoded video

to a destination device 14 via a transmission channel 16. Source device 12 may include
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one or more enhancement layers may support increased spatial scalability and/or
increased temporal scalability.

[0035] Video encoder 20 and video decoder 26 may operate according to a video
compression standard, such as MPEG-2, MPEG-4, ITU-T H.263, or ITU-T
H.264/MPEG-4 Advanced Video Coding (AVC). More particularly, video encoder 20
and video decoder 26 may be configured to implement extensions of such standards for

scalable video coding (SVC). Although not shown in FIG. 1, in some aspects, video
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Vi dgd scal SI 0AS evices
tH&&ll"U-'Dlslﬂﬁnyﬂ}ﬁa@p canaf dhltdd M@rdthO(H ﬁﬁrﬂchsﬁla;ﬂﬂafdferr&btb herein as the
exanpl e, video scal ability extensions repr esent

Bettdnstangardrow K2 éétspsﬁﬁcertm fotthe eH%‘VéV $tapdard or standard or

$ﬁ%ﬁﬁﬁ%%ps of the H 264 standard, or other standards.
e H 264 standard is descri bed in I TU-T
R83Bireedaint Ofiddd ZT6dn (AT arortihues deowmdidd)mg $oatable video coding

& @%Egtsﬁg%géﬁgmﬁd%e@c W AP Lt AL 4MPEG-
hgve d?ldQﬁe E‘ﬁﬁvm R cpbansand iR &hé‘?o%ﬁdof%%ﬁitflhﬁﬁt(ﬁ@ﬁ The Joint
or the H 2 standard or standard

Spddilé V@dnm Mndel (JSVM) created by the JVT 1rnplernents tools for use in scalable
video, which may be used within system 10 for various coding tasks described in this
disclosure. Detailed information concerning one example of a Fine Granularity SNR
Scalability (FGS) coding system can be found in the Joint Draft documents, and
particularly in Joint Draft 6 (JD6), Thomas Wiegand, Gary Sullivan, Julien Reichel,
Heiko Schwarz, and Mathias Wien, “Joint Draft 6: Scalable Video Coding,” JVT-S 201,
Joint Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, April 2006, Geneva, and
in Joint Draft 9 (SVC JD9), Thomas Wiegand, Gary Sullivan, Julien Reichel, Heiko
Schwarz, and Mathias Wien, “Joint Draft 9 of SVC Amendment,” JVT-V 201, Joint
Video Team (JVT) of ISO/IEC MPEG and ITU-T VCEG, January 2007, Marrakech,

Morocco.



[0037] The Joint Video Team (JVT) continues to work on
a scal able video coding (SVC) extension to
WORMBANIBEG 4 AVC. The specification of both PCT/US2007/073354

H. 264/ MPEG- 4AVC and the evol ving SVC extension are in
the formof a Joint Draft (JD). The Joint Scal abl e

Vi deo Model (JSVM created by,the JVT inplenents tools
for use in scal able video, whi ch may be used within
system 10 for various coding tasks described in this
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[0040] Video encoder 20 and video decoder 22 each may be implemented as one or
more microprocessors, digital signal processors, application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 20 and video decoder 22
may be included in one or more encoders or decoders, either of which may be integrated
as part of a combined encoder/decoder (CODEC) in a respective subscriber device,
broadcast device, server, or the like. In addition, video source device 12 and video

destination device 14 each may include appropriate modulation, demodulation,



"FLO Specification"). The FLO Specification includes
exanpl es defining bitstream syntax and semantics and
W@l2@emiases processes suitable for the FLO Al r | PEEUSHOT073354

Al ternatively, video may be broadcasted according to
ot her standards such as DVB-H (digital video
br oadcast - handhel d), |1SDB-T (gntegrated services
di gital broadcast - terrestri or DVMB (digita
nmedi a broadcast). Hence, source device 12 nay be a

bile wireless tgrmnal, such .as a nobile 're ess . .
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|nclude a i nmodul ati on, denodul ati on, .
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and receptlon of encoded vi deo, as applicable
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and ze acctordin
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H. 264 stand rd su rts dlct in riQus
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fRMTACHE Rhrics FNFarR&S834 2R3 48NHAEL BQORRNERL L bRS R \Mﬂ@% minimum
inter prediction in various block sizes, such as

lpyclld, quaBtyolpr 8 ,g1®nkiyt 8, Bachyf 8nh3810b1ylemt layerpy?2 8rqyn¢ts Additional
e bt et o BoApb senps & FIPOGRYEE S PuRSsingly inoreas
MeOMitie quality provided by base layer 30. The number of enhancement layers 32
processed by video decoder 22 depends on the number of enhancement layers
transmitted by source device 12 and received by destination device 14, e.g., given
channel conditions or other limitations.

[0043] In general, each respective enhancement layer 32A-32N, or portion thereof, that
is processed by decoder 22 adds incrementally to the quality of the video obtained from
base layer 30, in terms of SNR, in accordance with this disclosure. Enhancement layers
32A-32N also may be exploited for spatial and/or temporal scalability. Instead of

processing each enhancement layer 32A-32N in its entirety as a discrete enhancement



better resolution, and may be used for |ocations of a

video frane that include higher |levels of detail.
WOARG08/0088B% predi ction, a transform may be perfPCTES00T073354

the 8x8 residual block or 4x4 residual block, and an

addi tional transform may be applied to the DC

coefficients of the 4x4 blockﬁ}for chroma conponents

or |uma conponents if the a_| 6x16 prediction node

is used. [0042] FIG 2 is a diagramillustrating

g&%# %\{ E{) Qigg)e%ggégag%ggﬁwga#g}ggb g%ﬂ%‘gt[(bgq %qdlegﬁﬁqnsmitted and

pRetlstd uélﬁ% a RASElIIRAYEGS 3Ppdach. BNRIOMakREESNR can be scaled with

enhancenment layers 32A-32N (coll ectively I'ayers 32).
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[0045] In the example of FIG. 3, it is assurned that blocks 46A, 46B, and 46C are the

rlapne have

first three blocks in an enhancement layer FGS slice of a video frame. In this example,
cach block 46A, 46B, 46C is represented as a 4-by-4 block of transform coefficients.
Blocks 46A, 46B and 46C are depicted in the transform domain. Consequently, each
number or variable in a block 46A, 46B, 46C is a quantized coefficient to be coded by a
lossless entropy coding process. A coefficient with a label starting with letter “S,” e.g.,
as indicated by reference numeral 41 in block 46A, is a nonzero significant coefficient.
Because this block 46A is in an FGS SNR scalability enhancement layer, for each

coefficient in a block, there is a corresponding coefficient in the base layer.



46A- 46C for FGS coding of a video frame. An FGS slice,
such as a PR slice, in SVC may be generated using a
W@ yBmeedsssed codi ng i nstead of a bl ock-based chci/ngRo01/073354

transform coefficients. The cycl e-based codi ng across

bl ocks reduces spatial concentration of SNR

enhancenents within a video ffl In each cycle, the
FGS- configured video encoder 20 encodes at nost one
nonzero coefficient in a block of transform
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;ng ficant coefficient. Because this block 46A is_in
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coefficient, its value is no
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EHRARS @he FreSRE bF §h8Mero §%n1ﬁlsant%%ffﬁ§&1@ Rfghetfodk. If the CBF is 0,
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reference nuneral 43 in block 46A, is a refinenent

H94BF Der etifferanecnbetween bassplwei edibeged |apaicement layer coding by

video encoder 20 is in the separation of refinement coefficients from other coefficients

in the FGS layer and the coding order. In some aspects, video encoder 20 may include
separate base layer encoding and enhancement layer encoding modules. In the base
layer, a block is completely coded before the next block is coded, providing block-based
coding. For enhancement layer coding, however, coefficients from different blocks are
interleaved with one another in cycles, providing cycle-based coding. In each cycle, as

discussed above, only some coefficients from a given block are coded. Again, in this



coefficient that is nonzero, i.e., significant. The

val ue of the refinenment coefficient can be either
waQ2008/0a888onzer o. For exanple, a coefficient "R2/U007/073354

as indicated by reference nuneral 43, is a refinenent
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d d th
£ ng e Signif R RREERE i ParIarH- el post Rl ae Gaeicients sent
Ordeeki I iarBb Rt theedi C5dlE 6 FMthcd indliies TBF/ 1, iRA48ing that block
FIG 4 is a diagramillustrating one exanple

f
& ydludep agenzase digadicant coefficient, 52,0, and the coetficient S2,0 itself.
[0051] Cycle 1 includes an EOB flag (EOB2/0) for block 2, indicating that the nonzero

significant coefficient just coded in cycle 0, which is S2,0, is not the last nonzero
significant coefficient in the scanning order. Over the remaining cycles, the coding of
blocks continues to follow the scan zigzag order, and includes syntax elements such as
CBF and EOB, as appropriate. The process continues for cycles 2-15 in the zigzag scan
order, where each cycle corresponds to one arrow transition in FIG. 4. The example of

FIGS. 3, 4 and 5 pertain to the first three 4x4 blocks in an enhancement layer of a video



coefficients and syntax elenents in an FGS slice for
vi deo bl ocks 46A-46C arranged in zigzag scanni ng
wW@e@s/0888 sone aspects of this disclosure, theCHGER007/073354

slice my be a PR slice, although the techniques
described in this disclosure is not limted to
application to PR slices. Fl 5 is a diagram
illustrating cycl e-based codi hg of coefficients and
syntax elements in an FGS slice for video bl ocks

rranged in order of.transm ssion e

B A R Sht g tio By h A St sshemed IBERS g IGs. 4-6
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samme line. Each coefficient is represented in FIGS. 4
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corresponds to th ock 0, and indicates t
ploeess. | foang drezcme&"lcsetgm irf fuddand-onter foiayi lanefficrent. hén this case, the

block. In.additio a zero coefficient "0O" nd .
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bl ock " 0" zi gzag scan index "1," are sent in cycle

@FCGSSGBIEﬁ.ﬁC@enth {ferent rerueneipbnds to the second bl ock
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can f|C|en S i

B etuJdmaéd Iaﬁdi 8bssqs@ily proodssdd CK ndanindr siulikeqoleid block-based
cycles. Cycle O further includes CBF2/]1, indicating
piosessBedakthe pasenlayery e%le%pen &ﬁ%}l%tyStpgrﬁa(%lIyC%ﬁ%ss the bitstreams from

FX%EJ{#%C@% ecoi?df ﬁgl u es an %ﬁrﬁ ag %—8@%‘& ?or Shcﬁ coding

Brocessck. CIateicn@rdhﬂ[t&twﬂtlhm oamzgany aspéogof thicdistlosure, video encoder 20

0¥ beivanied ionoBre: slgmoed cdtipk ebBERT G fic Rlockoeficients
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app The pro s continues_.for cIe
ERESORhETrehtS Rl St DR reghel! By besupRliined such
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FIGS. 3, 4 and Sﬁertalntotheflrst t hree 4x4 bl ocks

¢yelesn larthisreamentthe hifstrcagts agsagiaje Wikl indigBiuglo@gige cycles can be
F gdr{l §&%9 éi VYa tﬁg f'ragl;hgnts

[0054] The Joint Draft of the SVC extension to the H.264/MPEG-4 AVC standard
defines a data unit called a “fragment” that contains a partial FGS layer. Fragments
may be used as a way to encapsulate the discardable FGS stream. At the encoding side,
for example, video encoder 20 may invoke a normal FGS coding process to generate the
bitstream of one FGS layer. After the FGS layer bitstream is generated, video encoder

20 may apply bitstream fragmentation. At the decoding side, decoder 22 concatenates



frame for purposes of illustration. However, the

general schene illustrated in FIGS. 4-6 nmay be
wW@ppBessks e to bl ocks with |arger sizes as wel PCEES2007/073354

| ar ger nunbers of bl ocks spanning a video frame or

portion of a video frame. [0052] The conplexity of

encodi ng and decodi hg an FGSn%{ice can be high in

terms of conputation and ne y requirenents. In

addi tion, the decoding process for an FGS slice, as
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coéeffticien encap
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transm ssion units, such as network abstracti on | ayer

dinplpyurgniyicles ey bepnqapsiaigdyn apleiality efofragnacnis pughy Bahs start of
Ete[cﬂrﬂf‘%% h@%ﬁgﬁts o l‘]islteﬁﬁll’%ll% RGint {dRIWRARL S HRbf l?)fl‘e toF] éhe cycles. Hence,

cycle-alig suc a start of each o
fubagneateirideat anbiy atfey tocancagsutheion wi¢ththat s starttof @fpagloed of cach

of the cycles. In thi n the bitstr

aﬁ@s&aﬁwétw £h f‘?lﬂ’d’f% 36%1% Hgaﬁ%loeyﬂ é@neaiﬁl gpancides with a start

5?@&' J)Mh@@ﬁﬁ@&seﬁll g@n@ral hﬁﬂ{ 513’9{{361{t§?_%arr&) %ﬂ&ad&t‘ﬁlfo]{ﬁ{a'ﬁ%n the start
Draft of the SVC extension to the 4/ MPEG- 4 A

of eawafrétgme@efmamé@ subdantallynaligned Withdtha stdrr a@mmlé SD Hbat coding
cont ai ns rtial F a a nts . may b

SO o PR st T desnebi s Fasan e cRbatifutih S ightancous
18R dRBGIE REstPottdns of OF e a6t Bragibhte0 encoder 20 may

i nvoke a normal FGS codln%:process to generate the

056t Acarigicotlicoad fir@gentd{ et dﬁﬁf@Té rfromhén PEsgrafiggment in which the
P[ eS¢ ﬁl%nfrhgmg(ﬁ nneigl c%gres ng ﬁlkr{own point within the bitstream.

Instead, the CAF is aligned with the cycle so that the start of the bitstream can be
accessed substantially at the start of the fragment. In addition, in some aspects, video
encoder 20 may control fragmentation so that each cycle is contained within a single
fragment, possibly with other cycles, rather than being spread over portions of

successive fragments. Generation of CAFs may reduce processing complexity, and



20 may apply bitstream fragnentati on. At the decodi ng
si de, decoder 22 concatenates WO 2008/ 008888

weQNBBBEO 7/ 073354 14 adj acent fragments and PET/USE7/073354
the nerged bitstreamas if the bitstream were not
fragnented. Hence, processing of one fragnent
ordinarily requires conpletion of processing of a
previ ous fragnent. |n other ds, ordinary fragments
cannot be decoded sinultaneously. Instead, they nust
be conc nated .priar to dec d|n In . .
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dentify the start the fragnent fragnment
Fﬁe?%ﬁaglgaco Bgdoptcxisand flushiag e © OBWF%QGT §fdt0pgder 20 generates

EA@Q B lcan B@%ezﬂﬁ@d&'&eﬁ@d afr@HEWRE W ifhbat {5v§1ttl'nﬁ Sor decodlng of other

information such”as 1nformation that 1dentifies
fragmendsit cnalilneg paylldasinoftandvais frregpeeng oftye Gaker efiolr yxample, the
ref r to a onte portion, of the fragment ich

Gofpec Bl G BBl i dh iy b Pradhuet] by CRY may be
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of this disclosure, cycles nmay be encapsulated in a
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BP q pre]y%%n?raé [t cont}[as{: gsr%o Fﬁr rnénts wh é ordlnarl yy would

one nce, COI ﬁCI

b@ﬁﬁ&mhﬁkﬂﬂﬁﬁﬁ$@ﬂ@bdﬁ@ such that a start of a payload
of each of the fragnments, e.g., follow ng header

[0968) Wideo gcodasdr may implepeat PWE‘?HB’e%OdW& #5 eonéed adaptyfe variable
f t t
RAEKC SaUfe, [YEVEE) o SRS’ Bapdtel By Wb cBERE KoABAC),
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ﬁ@@ﬁ%&pp?fég@} aéﬁé &mgpgf Godife rgnérintvaridsnevith entropy coding

@asad NoM§ a?f%ct'e@ %Xtthep 9(1;‘;11119%‘ ﬁp&ﬁtl(ﬁ{ v&lﬁé}ﬁfna? 95@%1‘[ in approximately
fragnents. [ 0056] cycl e-aligned fragment  ( CAF)

did-hadf dyfar omadditiondi omrlyﬁaﬂragrmmagq: n ki GIAHA@ CétFarpresent an

of .the fragnent may corre an nkno oi nt .
R iR e T RN P B e NN ARl reauired by
W diftodanENAY.Cheadsh tamtfratgmnst@aaergflstmeﬁnlysmeem&emr normal
be accessed substantlally at the start of the

fregigerthand €AFaddi tion, in some aspects, video
[0059] If each cycle is coded as a CAF, the size of the fragment can decrease quickly

with the increase in cycle index because the length of each cycle tends to decrease. For
this reason, it may be desirable to group some cycles together to reduce overall
overhead. In particular, if some cycles are grouped together, the overhead associated
with the fragment can be shared among the cycles. If cycles were not grouped together,
numerous cycles would be carried in their own fragments, creating fragment overhead

for each cycle. In effect, grouping of cycles within a common fragment can be



encoder 20 may control fragnentation so that each
cycle is contained within a single fragnent, possibly
wawaok/oessker cycl es, rather than being spread OREF/US2007/073354

portions of successive fragnents. Generation of CAFs
may reduce processing conplexity, and WO 2008/ 008888
PCT/ US2007/ 073354 15 perm t rall el processing of
successi ve fragments instead sequenti al processing

successi ve fragnents. [0057] To make it possible
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be pertformed contenporaneously w th decodi ng of
tediticats po bt iscannod ima g vear cyCleE. If Ithle vedtorslengthned, tla CAfer mode

FRstGE B Fotsbionet it EOFREFH Rhafrintit o e

h@n P& ITRbefficRAMER Do)t F O dd)c[h@fdb Sheldhl iflto Dormal block-based
reassenbled prior to decodi ng. [0058] Video encoder 20

ederi npl ement entropy codi ng as context adaptive
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fragnents and CAFs. [0059] each cycle is coded as a

& of bechsiyzle softhattbe hulagmftfragawntﬁameé@isw agadiioglate the cycles
is reduced. With a reduced number of fragments, there is a reduced number of instances
of fragment overhead, resulting in increased efficiency.

[0062] In the vector mode described in JD6, the vector lengths are defined in a sequence
parameter set. In a modified vector mode, as described in this disclosure, vector lengths
can be specified in a slice header rather than the sequence parameter set. Using the
vector lengths, video encoder 22 increases the scan depth of individual cycles to code
more coefficients in a given cycle, resulting in a reduced number of fragments. As an
example, the specific vector lengths may be fixed or adjusted dynamically based on

content, channel conditions, processing load, or other factors. The vector lengths may



with the increase in cycle index because the | ength of
each cycle tends to decrease. For this reason, it may

wheoodeesssaabl e t o group sone cycl es toget her toPCEUET/073354

overall overhead. In particular, if sone cycles are
grouped together, the overhead associated wth the
fragnment can be shared anong e cycles. If cycles
wer e not grouped together, nunerous cycles would be
carried in their own fragnents creating fragnent

head
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ns a block can be redu The vector node may
d@itrauye painy @gthonx theeb@nhamhﬁta deled i smels thah @ydasrbmnoobe accessed
éoe fICIeﬁIS to be scanned in a given cycle. If the
iy vis & frggments the vector node has no effect,

F(]'Mﬁ hathFaR %Qﬁ’t%arrpfé)@r@t@&len% Bhiing Ishcdbgvey Qﬁdgﬁ{ents 52, it is

ngth is equal to the nunber of coefficients in a
pecgBiary theraees sieerssive dpementst wsa depesdentnoamngr. In particular, the

e der
DA, PR 580 PR S BRSPS, e
B@d|vﬁdd©| écdoeres? thlavmveiice th lﬁi@ﬁreﬁrﬁ%ﬂ?&lec@mﬂsexiﬂ firsofand second
the cycle-based coding to a_certain_extent

Fregngith §2 A rved AdRtsary Pt CRAIFES Uoun e\aﬁa@pk@s beth fragments
QIIG e@% st?ibd and %gﬁ’& e@lgte'dgt% fmﬁée ‘ﬁ{e Bf?sq}ﬁggll ?%’ @g@l% L. V%leonsupport

cycle- a I gne gnents vect or
cmntetenamnbéragmedt A QERA(hl)errmstalgsrrdﬁmded)ﬁncs pracksaed (54A) before
zes, . there cl.n he over head of
%Faﬂgﬁ%ﬁﬁ%%%%% i treatEAUE R PrghisAt-s with very
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reduce thé nunber of cycles and increase the ept h of
plawtssccyclrea@btlmhait lateh dragoehes 2B fwill m@naﬂvsehye@d@urqm Codlng of

SRR LR YEb St S5 TEL 8, 6 decoding
prASERMGES the previous fragment 52A to be cornpleted. Therefore, the arrangement
of processing operations 54A, 54B, 54C in FIG. 6 represents sequential, dependent
decoding and processing of later fragments 52 based on completed processing of
previous fragments. Sequential processing of fragments 52, as shown in the example of
FIG. 6, can present considerable computational complexity in terms of computing and
memory requirements.

[0066] FIG. 7 is a diagram illustrating encapsulation of cycles in cycle-aligned
fragments (CAFs), in accordance with an aspect of this disclosure, for transmission via

network abstraction layer (NAL) units. In the example of FIG. 7, video encoder 20



of fragment overhead, resulting in increased
efficiency. [0062] In the vector node described in

WQ DBs/004388 vect or | engths are defined in a sequeeiES2007/073354

paraneter set. In a nodified vector node, as descri bed
in this disclosure, vector |lengths can be specified
in a slice header rather than the sequence paraneter
set. Using the vector |engths, video encoder 22

i ncreases the scan depth of individual cycles to code
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in a dependent nmanner . particular, the  arhbit rar%/
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%50@% for |l e, both fragnments are processed
s Re deends TOCrEpt HAUEH e bitstream of Cycle
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the cycle start with the fragment start, video encoder 20 may reset coding contexts

Sfa tagments, and

associated with entropy coding between successively coded fragments. In particular,
after the entropy coding for a first fragment is finished, video encoder 20 flushes the
CAVLC or CABAC entropy coder, and resets the coding contexts. In this manner, the
cycle-aligned fragment does not rely on any coding information from a previously
coded fragment, and can be decoded and processed in parallel with other fragments.

[0069] FIG. 8 is a block diagram illustrating an FGS slice encoder 64 that encapsulates
cycles in cycle-aligned fragments. FGS slice encoder 64 may form part of a digital

video encoder, such as video encoder 20 of FIG. 1. As shown in FIG. 8, FGS slice



processed. In addition, a later fragnment 52B w ||
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WO eagiensss 52A. Consequently, fragnment 52B nuseCmEB1007/073354
for decoding and processing of the previous fragnment
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processi ng operations 54A, 54 54Cin FIG 6
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btffa@b&é of btiﬁweﬁ“@ ARUAIRS 1@&&@ mdemoﬁﬁgmed td cAagoe l@bmgﬁter ﬁyperform
substantially aligning the start of a cycle 50 with
ﬂﬁéh@ﬁﬁﬂfa%ﬁb%ﬁd¥%%i furgg, the start of the

Bi(ﬁﬁ gﬁﬁﬁé&ﬁ@%&&t%ﬁ&ﬂg@dﬁéf Gh echcr?@ @'Bn@f?ea[)n‘? allboldted with the

permtting 1 ndividua
an:chlezg s;mlies iBeciaagecnea cBadbAFagh@ne ancapasdatas a cydb sudththit start of
accessed, there . is no ne

di tl f ‘
ﬁ%rfé’ﬁ kst F o Dpstaitalycoiny eSfWIH*gﬁa@n%* obt ez%frymgcc@med by the
Frlé‘gmgitt Sty QAT @RIAOFAAN &fatint RodulE YRl BapBe bRERBE to analyze the

deo decoder 22 can be configured to sinultaneously
bl@t@dm mdddqfofro@ cesls bonadprients tiger eyge-aligmed fragradritasion. Entropy

TN o L
gfg ﬂ%eﬁfef%}hé’fw Psduted HyP&fcd-higincw ﬂirel,'gn@énta{ti%ﬁsﬁlo@ul@ ot i Gdtably, to
eliminate interdependence between successive fragments, entropy coding module 74
may flush its prior statistics and reset its coding contexts after each fragment is entropy
coded. In this manner, at least some of the successive fragments can be simultaneously
decoded and processed. The entropy coded fragments may be placed in network
transmission units, such as network abstraction layer (NAL) units, for transmission from
source device 12 to destination device 14.

[0072] FIG. 9 is a block diagram illustrating an FGS slice decoder 75 that decodes
cycles encapsulated in cycle-aligned fragments (CAFs). FGS slice decoder 75 may



decodi ng and processing of one or nore other

fragnents. However, sonme fragnents 58 may still be
waoelewsdessseand processed sequentially. [0068] | nP@F/tg82001/073354
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C rq; IS . t . ali
[T PR, R Bof dioiRRDRSRshe SebERUE S IRelss in cycle-aligned
fagoces (ZAFB) asvidenbakdodbrs Riclande.doGeneration of CAFs may be

necessarily i that such nodul es. just be realjzed
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cycl ecaligned fragnentati.on nodule 72 and entro

TR TE) el e M b e b ot Db engory codes
SR Fedpd @ tsh@OF WAL &lcgdrthe@lin $10§ HWloSure COBTRIBAILE. ark By86AHgned in
cases, such features may be realized by common or o
Hiepgnspt Bat the start of the bitsfream associated with a cycle substantially coincides
with the start of the payload of a pertinent fragment used to encapsulate the cycle.

[0075] FIG. 11 is a flow diagram illustrating encapsulation of cycles in cycle-aligned
fragments in greater detail. Again, generation of CAFs may be performed within an
FGS slice coder associated with video encoder 20, such as FGS slice encoder 64 of FIG.
8. As shown in FIG. 11, FGS slice encoder 64 obtains transform coefficients for

residual video blocks (92), and zig-zag scans the transform coefficients in a cycle across

the blocks (94). FGS slice encoder 64 generates a fragment, aligns the start of the



software or software nodul es including code configured

to cause a conputer to perform the functions
wa@edosobsssed t o such features. [0071] Cycl e- al | BEETS2007/073354
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with the coding cycles into fragnents. Each fragnent

encapsul ates a cycl e such th? the start of the cycle
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at decodes cycles encapsulated 1n cycle-ali
$qaagime rf ot fhkkm)s, adrGS the ireseduwdb blpdks (975 amd yreWi@ts operations 96, 98,
/908888 . PCT/ US2007/.073354, 2 orm part, of ~a video
_ﬁ@@ dder T eishs VPEE8 1y iahisredbogrigy BRtoe hy Suithfifanstorm
tabfitints For nfoSr&lduaR bRREQALE., FOnTBNothdChHIHIEh BRtal @AYo frame or
decodi ng nodul e 76, cycle-aligned defragnentation

frodud suBgqueny diamd ad drepeato apergtionsd. 9880.00; hQr sliroughout the
ant i L On. ul , .and_iny, ransf grm I
grzj_).ce%hzﬁé ysrflgg ngtgcodgr %% d g?%era]tgs a@;%ﬁ? egso atlléafcf ﬁlep &%Egl%nt%‘ can be

trop coding no ntro
slentdhd@slyopidaessed cpdethe VbidgRair agoeinted. wilbt @bl oycldsh@ithin the
encoded video CAFs can be entropy decoded in parallel .
Pagmerde cppebecAirsctlyy acossicdcofBcadoh @it (aFs gap regudigim gimplified

gl%ggs%ﬁligsana§e&1ﬁt9% g?rjﬁgutggja%ﬁ thGty o3Bfegfich CAF provides

I rect “access itstreantof a particular cycle.
[®T7BFIEy t2 as a iflgnediagedin atjentiag i denodmog wfecyé®s in cycle-aligned
e entropy .decoded nts to gen

ocess . ra erate .
B Gaats v itdssdgEes €Yt %ﬁ? BHK 26 SArBRRGHY High an FGS slice
JRBHELas8Giate S WD Vil Y HEG 1 LS R3GE QLY QRWESE 75 of FIG. 9. In
quanti zed transformcoefficients. |nverse o ' '
theanempletof GHG B IGS 8Re decagiwniil rxweies GAFs ( Hitg rothnmcoming video
&gr?sfn{ijttg \gigtclslannleng.r ﬁ&Sts[igen gc%ﬁé? 106 entropy decodes the CAFs (108) and
simultaneously decodes at least portions of at least some of the CAFs (110), i.e., without
information that is available only after other CAFs are completely decoded. In this
manner, FGS slice decoder 75 decodes and processes the CAFs in parallel.
Consequently, multiple CAFs can be processed and decoded simultaneously in parallel
instead of sequentially. Some CAFs may be completely independent of each other. In
other cases, decoding information for a block in a later CAF may be contingent upon

decoding of a previous CAF for the same block. In this case, however, other coding

contexts for the CAFs can be kept independent such that decoding of a later CAF is the



nodul e 84 applies an inverse transformto the
dequanti zed transformcoefficients to reproduce the
w0 e@sdossBs W th CAFs, the decodi ng process forPEIHEES2007/073354

slices can be sinplified to be very simlar to that

of a discrete |ayer. As an exanple, in sonme aspects,

the FGS slices may be PR slices. CAFs al so can
significantly sinplify the sp@zification of the

syntax of the FGS slice, as described in this

di scl psure. [0074 IG 10 js a flo
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transform coefficients for residual video bl ocks

floys, a sonigs of gorrd figemants tARAG %\rFstbGrh EBAG Rransha serien of CAFs

g%ﬁr{]ﬁér%gﬁégclr Q?Agpa%;)tn‘e%%lgn g rlt( 3f eg %{% IlOl‘Htl agm%gtt ]ﬁﬁ&% 18 cgrrupted as
20303888 XPEE dda200d &713&5 4he ﬁlbséquagrmg&ndmyﬁ RAG 1 and FRAG

with the start of the cycle (96), and places the cycle .
Frinther ptigieniclespody othproE; 8 WREBHE ceau@mnrlaﬁge previously

9&%8551{&@ d LROTENE 1n( t%@aq)co if Qie{ﬂeflétgfs&ﬁf%dtfl}&G 1 and FRAG 2.

entropy coder statistics and resets coding contexts
FaOAprnad sfmgnadn@d thd tprevénisr BRXXGe 0 dindgthe dbteerfraghents FRAG 1 and

IS rop co In this . manner, the ne
I’@Sﬁﬁf@ 1l zﬁ&ﬁorea%%aa%@%m%?aﬁse&ﬂ%qugﬂ y» the error at
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fragnent is conpletely decoded. Consequently,

bedatisepthey fdﬁgnﬁﬂtﬁsﬁ 6dor pepeicrol tatmepusidyng aidcodedoritain different
raI I%l %%]FGS Sli E% decoder 75, such that the
188? o SFRPT PEAR PSSR ons  of some fragments is at
[0B86[ IPadrtiadd, ok CRRE,FPRAHAHEBESnIMrhmbhey e dbtaly @brrupt other
at | east port ions of one or nore ofher fragments.
fragments. If there is an error at the end of CAF 0, for example, the error will only
affect the corresponding parts in CAF 1 and CAF 2. The CAFs may be simultaneously
coded and carry bitstreams for separate coding cycles. Consequently, none of the CAFs
require information from another CAF for entropy decoding. In addition, loss of
information at the end of a coding cycle, e.g., for a particular block of transform
coefficients, will only affect subsequent scan information for that block. Accordingly,

bitstreams associated with subsequent scans of a set of blocks, other than the corrupted

block, will remain intact and can be directly accessed and correctly decoded. hence, the



[0076] If there are nore cycles to be coded (104), FGS
slice encoder 64 continues the scanning of

w@owBhisssent s across the residual blocks (94) BEMUS2007/073354
repeats operations 96, 98, 100, 102. If cycl e-based
coding is conpleted, FGS slice encoder 64 obtains
transform coefficients for mpy e resi dual bl ocks,
e.g., fromanother portion of“a video frame or froma
subsequent frame, and repeats operations 96, 98, 100,
102. ou ut .t FGS slice encoder. .64
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£65 titddam. ﬁ{@delet@td%%)f)léjﬁ% QOErd dRendehfas pbdddie, £GPrent scan index

sl'ice decoder 75 may directly access the bitstream
a8F beiuatdeldr wéttibving érecYeCoavamatére.d Thy fitdh ete@apn filay@)e, an exception

R R A IR AT
afemaM @cfficients are coded separately from the significant coefficient and there
are some refinement coefficients at the first scan or first several scan positions, the first
zero run can start with a non-zero scanning position.

[0084] Several different approaches may be used to handle this situation. According to
a first approach, a separate bin may be allocated in video encoder 22 to always handle
the first iteration for a block. According to a second approach, video encoder 22 may
use the scan index to retrieve the VLC parameters, but take advantage of the knowledge
that the first iteration does not have EOB so that the symbol set does not have EOB
inserted. According to a third approach, the coded block flag (CBF) in the first iteration



(120), FGS slice decoder 75 obtains the next CAF (112)
and repeats the operations of FIG 13, i.e.,
Wo@p@saossehs 114, 116, 118. [0079] FIG 14 is apdi/aspoany73ds4
illustrating the effects of packet error for nornal
fragnents and cycle-aligned fragnents (CAFs). Usage
of CAFs, in accordance with t%{"s di scl osure, may
significantly inprove the err resilience of the FGS
Iayer in addition to sinplifying processi ng and
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CRE” s 4 BRI e, et s gy Mo pE et gycle. 1F the
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be si nul t aneousl coded and carry bitstreans

supaisatcs. do @A@Aéw@tresy c@bng che &M iy codeshia the comfextdased on the
[ [ fro ot her ent.r o
HEREAF oy CRRC ERhb Eeor AR08, 1R bt R s s goed o

eddigg ﬁ&CEBEs 6 diferere block thpés, sudhadst uaial 444 BIbeigkehedma AC block,
transform coefficients, wll only affect subsequent

sapai R Glaske ishtbediker Hae IRl g diceh fedipe Systom, as described
p]'fthgst di reatﬁﬁ QF A Rdei feogk %M?ss ﬁ%@’lﬁ%ﬁﬁﬁ ﬁ\%;grxﬁntsﬁgy be coded

| ocks, er than corrupte
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rect coded.
F@g%%?%eﬂlé%l&l thesameWogl. CAFs as described in this
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case, video encoder 22 may be configured to code the refinement coefficient first,
followed by coding of the CBF of the block. The CBF can be coded in the newly
defined context. Then, the significant coefficients in the block are coded.

[0087] Another issue that may arise in a CABAC-based implementation of CAFs is also
related to context definition. CABAC entropy coding codes the significance flags and
last significance flags using the context defined based on the scanning position. With
the simplified implementation of CAFs, it may be desirable to maintain similar sets of

context separately for each fragment within video encoder 22. Maintaining separate

context sets may incur additional implementation cost. However, if more coding



the JD6, a variable "chromaStartCycle" is used to
delay the transm ssion of chroma coefficients with
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current inplementation in the JSVM the val ue of
chromaStartCycle is cal cul ated based on statistics
collected froma first comluﬁfycle. The FGS slice
encoder then sends the resulting chromaStart Cycle

value at the end of the first coding cycle | f
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treated as EOB by video encoder 22. If the CBF is

#B serhantigs yeotodgseribednhin fthe H.264 standard or JD6 are descrlbed in this
disclosure.

[0091] In various tables in this disclosure, the column marked "C" lists the categories of
the syntax clements that may be present in the NAL unit, which may conform to
categories in the H.264 standard. In addition, syntax elements with syntax category

"All" may be present, as determined by the syntax and semantics of the raw bit

sequence payload (RBSP) data structure contained in the FGS slice NAL unit.



the first iteration. Otherwi se, an EOB of value 1 is

sent for the first iteration. Using this third
wW@ppsoessks there may be little difference bet we@nusive7/073354

first iteration and other iterations. [0085]

Addi ti onal techniques to inprove the performance of

FGS coding may be provided. expl ai ned above, it

may be desirable to code the F before any

significant coefficient is coded, because the CBF

Wplell es whether. there.is an ignificant . . :
(B8R F R Bt of AsBir € s i sTaeTohes SED st gufdisted ggseory i

8O ER o RPHE sSAIR and SAHAMNEs B FhRIBALtcE REISH &t BfrSoture. The
For exanple, if the very first coefficient is a
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tftessfth @ tviseaptdifbentthsadcldsaieent is  sent. As a

result, the CBF may not always be coded in the first

coding cycle. If the CBF is not coded, inplenentation

of the CAF with a CABAC entropy coder nay create sone

i ssues. I n CABAC entropy coding, the CBF is coded in

t he context based on the value of the CBFs of

nei ghboring bl ocks. In addition, different contexts

are used for <coding the CBFs of different block

types, such as |uma 4x4 bl ock, chroma AC bl ock

chroma DC bl ock, and the like. In a |owconmplexity FGS
codi ng system as described in this disclosure, all

of the coded block flags in a cycle-aligned fragment

may be coded by video encoder 22 in a single

addi tional context if they are coded after sone

refinenent coefficients in the sanme bl ock. [0086] As

an exanple, it is assunmed that there is one refinenment
coefficient in a block, and that the refinenent
coefficient is at the first scanning position. In

addition, it is assuned that there are al so sone
additional significant coefficients in the block. In

this case, video encoder 22 may be configured to code

the refinenent coefficient first, followed by coding

of the CBF of the block. The CBF can be coded in the

newy defined context. Then, the significant

coefficients in the block are coded. [0087] Another

I ssue that may arise in a CABAC- based i npl enentation

of CAFs is also related to context definition. CABAC
entropy codi ng codes the significance flags and | ast

significance flags using the context defined based on

the scanning position. Wth the sinplified

i npl ementation of CAFs, it nay be desirable to

maintain simlar sets of context separately for each

fragnent within video encoder 22. Maintaining separate
context sets may incur additional inplenentation cost.
However, if nore coding
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"All" may be present, as determ ned by the syntax and
semantics of the raw bit sequence payl oad (RBSP) data
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2008/ 008888 PCT/ US2007/ 073354 26 [0092] The presence
or absence of any syntax elenents of a particular
listed category is determneg, fromthe syntax and
semantics of the associated P data structure. The
descriptor colum specifies a descriptor, e.g., f(n),

u(n), b(n), ue(v), se(v), ce(Vv t hat may
generally conformto the ']&‘ggi“ﬁ)lptcBPé @%ci fied in the
(12D Aoad: AR Galflc QKicnbloR() { UNT €55 Of Ner W Se SPed T | @dschiptor
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nlﬁ;stq{ﬂ;,m GRUTE. WO 20087008688 PCT/ USZ007/0733 ‘L'[e(v)ﬁ’
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rofrleldeOu(8)|f(Drof|Ie|dc::83){
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SC{f(I]@Jn@FVectprrMoué}Tﬁ]_)pr esent _ T1 ag |_ NoT es : may De
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def | ngi’ vec'ta mMe w’xn nr esent fl ag) { pr r~yr~| ? te(v)

Ilo%f{ézﬁ"“ﬁhéﬁ?eﬁfﬂfl? ag Efu(l) num pr vect ol nmodes
i nuskemeREycle Tér(i = 0. i <= num
prvectpie smodesbod nus]; 1 ++) { pr coding mpde]i ] «@)
u(l) w&;/czprsﬁzaddy;ng;zrmde[) {IJ O) { grouping sifze m nus]|
2 U&kzy)smmsyﬁm%xtt NumPosVector {11 = O T&2m, 7

c%zromaS#ﬁCycle =2+ cycle start symbol ext

/f\r\
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Example semantics of the new or modified syntax elements presented in Table 1 will
now be described. Syntax elements in the sequence parameter set, which is sent less
frequently, are described as follows.

[0093] The syntax clement pr info present flag specifies the presence of syntax
elements used in FGS slice decoding, such as PR slice decoding.  When
pr_info_present flag is equal to 0, no further syntax elements used in FGS slice
decoding are present in the sequence parameter set. When pr_info_present flag is equal
to 1, syntax elements that specify the usage of CAF and PR vector mode parameters are
present in the sequence parameter set. When pr_info_present flag is not present, it may
be inferred to be equal to 0.

[0094] The syntax element pr cycle aligned fragment flag specifies whether block-
based decoding using CAFs should be invoked for FGS slice decoding. When the value
of pr cycle aligned fragment flag is equal to 1, block-based decoding using CAFs
shall be invoked. When pr cycle aligned fragment flag is not present, it shall be
inferred to be equal to 1.

[0095] The syntax element num pr vector modes minus! specifies the size of the
array of vector mode parameters present in the sequence parameter set. Vector mode

parameters are derived from subsequent syntax eclements and stored in the two-



do { reverse prvector len_mnusl [ i ][ NumPosVector|
i ] ] =0 if( remVectorLen > 1) reverse _pr vector
WO 200810088881 [ i ][ NumPosVector[ i ] 1 2 u(v) PCT/US2007/073354
renVectorLen - = reverse prvectorlen_mnusl [ i ][
NumPos Vector[ i ] ] + 1 MNunPosVector[i] ++ } while
(Rem VectorLen > 0) } } } },WO 2008/008888

PCT/ US2007/ 073354 28 TABLE 122 conti nued

sl i ce- header-in-scal abl e-extension( { C Descri ptor

fglingegltéi'(){l Riérnags_i /E;Egs gg %S’r‘?ﬁ% eiagﬁ étg%/-afméls@glvgrra; g‘cginPos VectSet[
} umey By aB_SERmbleAY (ﬁé@h_m‘g'( fr§ N PE-Me Ct RtV HREe,> fdd iI)Of: 0, 1,
\/ |

vector node 1dx 2 te | uma_chronasep_flag ==

{ o oweSchr tiayddsemiusl cycl e start symbol 2 u(1) if(
tart. ol h3,=. 1 cycle start .s | ext
Eﬁ{)%ﬁ]e?ﬁ% Varla@%( an]tr?zfr@zgl/egtoﬁ/lgiigs %aslln l%g &egltvgcri t%%@gwls. eIxftZ thf syntax

chronma C _ Synno
tleldatTplie SeVBdA 6odef niife 1 naw padsehl) Nifn Bd esypAtfades is set to be

el enents presented in Table 1 wll . .
equal to ( num_pr vector modes minusl + [ ). Otherwise, NumPrVectorModes is
equal to 1.

[0097] The syntax element pr coding mode[ i ] specifies which syntax element is used
to derive the array ScanPosVectSet[ i |]. When pr coding mode[ i | is equal to 0, the
vector mode parameters in the array ScanPosVectSet] i | are derived using the syntax
element grouping size minusl[ i |]. When pr_coding mode[ i | is equal to 1, the vector
mode parameters in the array ScanPosVectSet[ i ] are derived using the array
reverse _pr vector len minusl[ i J[k], k = 0, ..., NumPosVector[ i |] - 1. If
num_pr_vector_modes_minusl is not present, pr coding mode[ 0 ] is set to be equal to
0.

[0098] The syntax element grouping size_minusl[ i ] specifies the number of scanning
positions grouped within each vector, minus 1. If num_pr vector modes_minusl is not
present, grouping size minusl[ 0 ] is set to be equal to 15.

[0099] The syntax clement reverse pr vector len minusl[i] [k] specifies the vector
length between ScanPosVectSet[i][ NumPosVector[ i | - I - k ] and
ScanPosVectSet[i] [NumPosVector[i] - kJ/, minus 1. The syntax element
reverse_pr vector len_minusl[i] [k] shall be decoded as unsigned value using ceil(
log( remVectorLen - I ) bits.

[00100] The array ScanPosVectSet can be derived as follows:

for(i=0; i <NumPrVectorModes;i++) {

if( pr_coding mode[i]==0) {
posVectLen = grouping_size minusl[i]+ 1
NumPosVector[ i ] =1+ 15/ posVectLen
for(j=0;j <NumPosVector[1];] ++)

ScanPosVectSet[ 1][j]= j * posVectLen

ScanPosVectSet[ i | [NumPosVector[1] ] =16

}

else {
ScanPosVectSet[ i | [ NumPosVector[1] ]= 16
for(j = NumPosVector[i]—-1;j>=0;j ++)



now be described. Syntax elenents in the sequence
paraneter set, which is sent less frequently, are
wa@le®snidsesl as foll ows. [0093] The syntax el enePCT/US2007/073354
prinfo_present flag specifies the presence of syntax
el ements used in FGS slice decoding, such as PR slice
decodi ng. Wen prinfo_preseq% flag is equal to 0, no
further syntax el enments used B FGS slice decodi ng
are present in the sequence par aneter set. Wen pr
i nf o- Prese t ts t hat
specify t 9& %%3§%qéi (ﬁ%ﬁ§ ﬁg%g%ﬁﬁdj i tefs
are present ﬁwﬁﬁemeeﬁﬁ@h Nuyapos
prin}o present-flag is not present it may be
inferred to be equal to 0. [0094] The syntax el enent
J018Ykc| e_afPypwanding aynntelemenay ins fecilich dsadgnandyepe provided as
E%@ - based decodi ng using CAFs shoul d be invoked for
slice decodi ng. Wen the value of pr
[oab2)_al i gmeejsyagrestiémdédtag vat@ghale tidx kpedifier khebaried into the
decodi ng usin CAFs shal | be invoked. When
e cPeinkps kceler mhigdimetieres £ Vagor smrde  pri@tars. jTthe value of
ﬁp@%m})%od‘e N{/ex ﬁﬁfjbéﬁ’ltﬁg r&H Otaj‘lﬂdJ(Nw[nQ‘We:t]tor §yr1 BHclusive.
el"enent” nuntprvect or _nodes_m nus| specifies t
&Eantl’neVecaS’al‘ dyr okcroechatke Hdmdeamhi\hrrﬂoel”actcm[ﬁsemton madhedx] are

uenc ara r.set. Vector ers are
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di nensi onal array ScanPosVect Set, where each
one-di mensi onal array ScanPosVectSet[ i ] stores the
para er, rtalnlng to the i-th vector node, for i =
rﬁ? PSgﬁ‘%prvector nodes_m nusl . [0096] The
varl asb@wa&tMﬁﬁ&[nymw@] @wlem =0Br. i VEOmREC Y, ovvs

If the syntax elenment nunpr vector nodes m nus]

pr esefhgan R@WW@@%&SK/EH@%MKQ aysteldp=Be. .- éﬁmalfrcwglee
by SEEPL N R BLS T, reldhB S SumbrCycles.

el enefitanPos CadChonrmd¥ [cytleldxspewrildldes 0phi. NuapPrdyaies.
element is used to derive the array ScanPosVect Set[ i

Thes¥hanRier§ afly g deRG&] ad follow§ equal to O, the vector
node garaneters in the array ScanPosVectSet[ i | are

deriv @HﬁbﬁﬂgﬁLWBaEQﬁde el ement

gr oupgn [ When pr_coding node[ i ] is
equaI;SE%P %Q”%%ig Joﬂ 0

ScanPosVectChromaAC[ 0 [=1
ScanPosVectChromaDC[ 0 ] =0

jl1+1

for( cycleldx=1; cycleldx <= NumPosVector[ pr_vector mode idx ]; cycleldx

++) {

ScanPosVectLumal[cycleldx]=ScanPosVectSet[pr_vector mode idx][cycleldx]
ScanPosVectLuma8x8 [ cycleldx ]=ScanPosVectLuma[ cycleldx ] * 4
ScanPosVectChromaDC[ cycleldx ]=ScanPosVectChromaDCJ cycleldx — 1

ScanPosVectChromaAC| cycleldx ] = ScanPosVectChromaAC[ cycleldx —
1]

// find the start scanning position for chroma DC and chroma AC



node paraneters in the array ScanPosVectSet[ i ] are
derived using the array reverse prvector_|en_m nusl|
WO 2qopkdsssk = O, ..., NunPosVector[ i ] - 1. |fPCHURPNT/073354

vector nodes mnus] is not present, prcoding _node[ O]

is set to be equal to 0. [0098] The syntax el enent
grouping _size mnusl [ 1 J spgcifies the nunber of

scanni ng positions grouped hin each vector, m nus

1. I'f numpr vector-nodes-ninus] is not present,

roupi ng. e nusl lis set to be equal to 15.
D0005] " T EGATuRR) shellte T 2BF L o +

prvect or _| g fiReHchhbodviebiisRRE cidieRixthe; M@QkogcanPosVectLuma[
Iength bet ween ScanPosVect Set[i J NuwPosVector[ ]

1 -cykldqldsah@ldxScahPosVect Set [i ] [ NunPosVect or [ il - k],

pmr vect ér _rgﬁ_fny%@faﬁlpoﬁi&c%r APl Tycleldy ] 5 4 && ((sldx==0)

unsji gned val ue using ceil (| og(renVector Len - 1)
bits. [00100] The array ScanPosVect Set can be derived
as follows: for( i EPdxp=Lhupmbireyele msaks (spankdy- ¢

i f( ' e _i_ 0) { posVectLen = grouping
si z%ﬁr%mﬁ‘ﬁsp"}”][&ierg?%ﬁl %&?}%Esvector[ i ] =1+ 15/
posVect Len for(j = Bc¢anPosVdttiRosMeci|a@yleldx]|];+4 ++ )

ScanPosVectSet[ i ] [ J ] =] * posVectlLen
ScanPosVect Set[ i ] [NunPosVector[ i ] ] = 16 } else

{ ScanPosVect Sef gscahpcﬂs\ﬂw@?&}{sﬁtmclélﬁ 1k 1%)X8& ((sldx>0)
for(j = NunPosVe [ 0; | ++ ) WO

200&&0(0(838?8 P(ﬂht‘d@@S@lWQW&SBM 30 ScanPosVect Set[ i ]
[ J] = ScanPosVectS

reverse_pr_vect or th’?‘nus I{T[)J"iagﬁa%[@ﬂﬁﬁ%%é\(/éaxor[ i

- 1Chroh1a]StaftCchleb o/j; @&]:01]) E)pg;; respondi ng syntax el enent s
in the slice header rovided as foll ows.
ScanPosVectChrornaAC[ cycleldx | ++

NumPrCycles = NumPosVector[ pr_vector mode idx |+ ( (
luma chroma sep flag==1)?1:0);

ScanPosVectLuma [ NumPrCycles | =16

ScanPosVectLuma8x8 [ NumPrCycles | = 64

ScanPosVectChromaDC[ NumPrCycles | =4

ScanPosVectChromaAC[ NumPrCycles | = 16;

[00103] The syntax element ScanPosVectLuma[ i | gives the start scanning
position in the coding cycle of index i for 4x4 luma blocks. ScanPosVectLuma8x8[ i ]
gives the start scanning position in the coding cycle of index i for 8x8 luma blocks.
ScanPosVectChromaDC[ i | gives the start scanning position in the coding cycle of
index i for chroma DC blocks. ScanPosVectChromaAC[ i ] gives the start scanning

position in the coding cycle of index i for chroma AC blocks.

[00104] The signaling of a different vector mode configuration can also be in the

slice header as illustrated below in Table 2. Hence, in this modified vector mode, vector



[00102] The syntax el enment pr_vector_node_i dx

specifies the index into the array ScanPosVect Set
wWaRi08h08ssOr es vect or node paraneters. The val uBCD1S2007/073354

prvector _node_idx shall be in the range of 0 and

(NunPr Vect or Modes - 1), inclusive. ScanPosVect Set

[ prvector node_idx ] and Nu h,gzs\/ector[prvector node

idx] are wused in deriving t foll ow ng paraneters

for decoding the current progressive refi nement

ﬁelg)lgﬁ gicag( e SB%P e(F 1n q%gg%terL%@gk%ge%hgéq%m%%&§fr set. This
%ﬂﬁﬁb&lhd%ra} involed ﬁﬂedd%e-ofoan overrldé“ﬂﬁgrt@%@hﬁrﬁbe a new set of scanning
canPosVect ChromaDC] cycleldx ], cycl

Xentes Cflbe ev@ctor B@gthP@@N/@tspcb@rS@gmb@[ usqucq)téﬁrda@p]foaches with different
%Xc?e-oflfs Betu eeﬁ chIp}exl}lu ] Cl e TI’\]]%I_ &P rﬁacgoeridlen_rg%bqﬁg disclosure

can os
5&&&1&9&%@ Ceinly U 8 xeirfety0 of tech(ﬂlqu&l FoPei H@l@ﬂgcﬁ r @i&b‘l\%o@e ]wherein
1 ScanPosVect ChromaDC[ 0 ] = 0O for( cycleldx=

WWIQQ 1%'€HNLWF1’(§Q\)%% @[ Velgpor\;@@de@ rmq{%@g ithisc eTarnple technique of
gg%&légé/g Srf%lrlra re:gl%sl ﬂe}lsé&a]te:déggﬁgos%/ect Set [ prvect or

node_i dx] [cycl el dx] ScanPosVectLunma8x8 [ cycl el dx
] =ScanPosVect Luma[ cycleldx ] * 4
ScanPosVect Chr omaDC cycl el dx ] =ScanPosVect Chr onaDC
cycleldx -1 ] ScanPosVect ChromaAC[ cycleldx ] =
ScanPosVect ChromaAC[ cycleldx - 1] Il find the start
scanni ng position for chroma DC and chroma AC WO
2008/ 008888 PCT/ US2007/ 073354 31 if(

| uma_chronma_sep flag = = 0) { for( sldx =
ScanPosVect Luma[ cycleldx - 1 ]; sldx <

ScanPosVect Luma] cycleldx ]; sldx ++) { if(
ScanPosVect ChromaDC[ cycleldx ] < 4) && (( sldx = =0

)



(( sldx >= ChromaStartCycle ) & (( scanldx -

ChromaStartCycle) %2 = = 0))) ) ScanPosVect Chr omaDC
w@eywBeissss | ++ i f( (ScanPosVect Chr omaAC] cycl eP@rU$2087/073354

16) & (( sldx >0 ) && (( sldx = = ChromaSt art Cycl e)

( sldx >= ChromaStartCycle && (( sldx -

ChromaStartCycle) %3 = = 1)) ) ScanPosVect Chr omaAC]

cycleldx 1] ++ } } '} NunPr es = NunPosVect or |

prvector_node_idx ] + Iuna_chronasep flag = =1) ? 1

: 0 ); ScanPosVectLuma [ N &EI es = 16;

ScanPosVect Luna8x8 [ NunPr = 64

Sc anPsVAL A QDA FBRIERTYECAOR MOBE CONFIGURATIONS

ScanPosVectChromaAC[ NunPrCycles ] = 16; [00103] The

cvint av r\QnDr\c-\I::r\f Lyl 1 ol Ves + ho c-f art
ng[lg%ﬁqaﬂeﬁ—m—ﬁcﬁ]@ l?ﬂe){q?flsﬁoﬁ(‘jtihp codi hn rilrlup of |n;(i:m< ;Desrcﬂptor
Ax dirs_ e Bliscks. ScanPosVect Luma8x8[ i | [gi Ves | PH®

St alice_tgeanni ng position in the coding cyclie &f index i
for..8x8 Tuma bl ocks. ScanPosVect Chr omaDC[ I T @¢rves

TG Sk e SCAML RGBS (APT 17 (1Te coti g oyct e of

f o~ Al DO\ ot (v My AT 1 1

U Iucﬁﬁ 1 bs in S‘I’ice mlnusl UI Ubf\D \Jballl_\.D \VAVIVARAW N | L =¥ i\%(VI J
mnn thIflnhlh the odina cvel e

of | WeleP™e 5P BBy onm AC bl ocks. [00104] The ’sigHdling |
of ailldinfif dyaant sendleg o710 nbde confi gur ati on cjan 2al se(lbe
i N t hehrosdseieydreader as illustrated below | n Table 2.

FENCe ¢y didlsdlysb@Ddi 11 ed” vector mode, vectof WO [y()

laVaValw]

20087 W&?@"staﬁ‘@fnﬂ‘%‘wiﬁ"{”ooo‘* 32tengthscanbe
par anet eres a]f[ syn?l% icquﬁ(izfc

appr oach nay iLnvolve theé us

an overﬁhf"a]és‘;ﬁlltcéﬁleﬁ+dé%“e?%%fé‘/n§’°]n@‘6v set of |scanning
vectors. The vector |engths can al so be silgnal ed using
ot hey approaches with different trade-offjs between

COMPl, B Iafighe@NELnRADERT O Over head. Accor dinghy, [Li§
P oYt nbde_override 2 u(l)

if( vector_mode override ) {

numPosVector = 0

RemVectorLen =16

do {
rev_fgs vector len minusl[ numPosVector ] =0
if( RemVectorLen > 1)

reverse fgs vector len minusl[ numPosVector ] 2 uv)

RemVectorLen - =
rev_fgs vector len minusl[ numPosVector ] + 1
numPosVector ++

}+ while ( RemVectorLen > 0 )

[00105] Definition of the macroblock header in the FGS slice will now be
described. In JSVM, the bitstream structure of a progressive slice was designed in a
way so that the syntax eclements that do not directly contribute to the improvement of
the quality of reconstructed video are sent as late as possible. If the bitstream is
partially truncated, the reconstructed video can have maximal quality. Table 3 below

provides a segment of pseudo code that provides the basic bitstream structure of an fgs



contenplates any of a variety of techniques for
signaling a vector node, wherein information is

wepwedessss o si gnal a vector node, including theCEKS20PT/@73354

technique of signaling in a slice header as
illustrated in Table 2. WD 2008/ 008888

PCT/ US2007/ 073354 33 TABLE gy§IGNALING OF DI FFERENT
VECTOR MODE CONFI GURATI ONS

sl i ce- header-in-scal abl e-extension( { C Descri ptor

fl rst %q %_ﬁ OBR 1@@%@{%&%%& s&%& ILII)% t\g) for' ]ziéﬁnition of the
M%Mkh@@kiﬁ%@ﬁ@ 2 ue(v) luma chrorm sep_flag

2 u(l) if( lu roma sep_flag == 0) { 2 u(1l)
chromaStartCycle = 1 cycl e st art synbol 2 u(1) if(
cycle_start synbol = = start synbol ext 2

i e o o Rt rtk o

vect or-node-override 2 u(l) if( vector nodeoverride
NUMPRSNVELE e n; &cld< 1Rkeyddéestorken = 16 do {
r evf gSory @btio = fienmbrin klsd: [mbnidiRosVet @rslite; mb Gdx +)(
RenVect 6( heed to>sehd moti@vefigeeftgsvect or | enm nus 1]
nunmPosVectndrm fe® mpfivn refiRervOct orLen - =
for( blk8x8 = 0; blk8x8 < 4; blk8x8 ++) {
if( luma sub mb cbp is not sent) {
send luma sub mb cbp()
if(iis_first nonzero sub mb cbp) {
if(delta gp is not sent && base mb cbp==10)
delta gp()
if( ! transform 8x8 specified in base layer )
transform 8x8 flag()

i
i

luma coefficients in the cycle()
if( allow _chroma dc¢) {
if( chroma dc cbp is not sent ) {
chroma _dc_cbp()
if( delta_gp is not sent && chroma dc cbp!=0) {
if( base mb ¢cbp==0)
delta gp()

;

chroma dc coefficients in the cycle()
}
if( allow _chroma dc¢) {
if( chroma ac cbp is not sent) {
chroma_ac_cbp()
if( delta _gp is not sent && chroma ac cbp!=0) {
if( base mb ¢cbp==0)
delta gp()

t
chroma_ac coefficients in the cycle()
t
t
t

[00106] As an example, the chroma CBP may be sent immediately before chroma
coefficients, but after the luma coefficients of the first coding cycle in the same
macroblock, while in the AVC base layer, chroma CBP can be sent in the
macroblock header. Another example is the transmission of delta QP. If a

macroblock in the enhancement layer does not have any nonzero luma coefficients



rev fgs vector len mnus 1 [ nunmPosVector | + 1
nunmPosVector ++ } while ( RenVectorLen >0 ) } }

WO 0®3088880ef i ni ti on of the nmacrobl ock header iPCT/H820FAH3354

slice will now be described. In JSVYM the bitstream
structure of a progressive slice was designed in a
way so that the syntax el emeniss that do not directly
contribute to the inprovenent--of the quality of
reconstructed video are sent as |late as possible. If

the Qitstreamis tially truncated, the

Bt THERLd M e e P M b Maieiorie, nogER hgoma AC
bel @¥fficRMAY hAE hecanKOGTBEL CBP iRHRUSRC EALLILRAS, tRY @MIad®B may be
the basic bitstreamstructure of an fgs WO 2008/ 008888

PCReuSauiagis Isiore B dirpma AC gpdflcignts areoendod¢dsThiatapgroach is

exanpl e. ntax _elenent.s f.or, definition of the . .
rach Bt O EREIE TR 1Bk Bk Bl Bingd Bovmiepippsent n the
Bl TSTRBAM I9y&UCTURE for (cycles = 0; cycle < 16;

cycle ++ for nmb idx = first nb in slice;

. b idx <=, .
| adPOM1i nThe sestion phpscysdo ¢ade preschted @beve Wekabladprogiles the basic

r efy: f [ O i ar. bl 8, Flvai

o UPREERuB g0 £ TR Rl ELL STl SRR s o
senhq actsdnddingnadauthendelpting 6f irsnshiittsip thew zgntax sidmans actually
cb if delta.is not. sent &% base nb cb == 0 delta qpo

i f nilaWFOélﬁ’E‘?VéﬁierﬁlB%BP%nﬁ Eifi ed in base la er transform
S)I’(l ﬁg‘?ria 0"?5(]:i |o UTR0CRRShd Rl &Y BadsNaliVe Gr&hé& dcidhd @b®Venroma ac, may

be used in video encoder 20 for controlling the rate of transmitting the chroma
coefficients with respect to the rate of the transmitting luma coefficients. In coding
cycle 0, these two flags may always be set to 1, so that all of the syntax elements
mentioned above will be transmitted in the first cycle. The bits upon sending these
syntax elements will be delayed, but may still be transmitted within the first coding
cycle of a macroblock. This minor shuffle of the bits should not have much impact
on the coding performance if the bitstream is truncated.

[00109] The MB header for an FGS slice may be defined as indicated in Table 4
below. Notably, this particular example of MB header may have a same structure

similar to that of a coarse-grain SNR scalability (CGS) layer.



if chroma do cb is not sent chroma do cb if delta is

not sent && chroma do cb !'=0 if base nb cb ==
wael2isaosspd } chrona dc coefficients in the cyRCBE{U$2007/073354

if( allow chromc if( chromaac_cbp_isnotsent ) {

chroma ac cb if delta is not sent & chroma ac cb !'=0

if base nb cb == 0 delta qpo roma ac coefficients in

the cycle() [00106] As an ex | e, the chroma CBP may

be sent inmediately before chroma coefficients, but

?. tﬁir}%the | uma coefficients of the first codi ng cycl e

A same macrohl ock, while in the AVC base

chroma E3FINIHIQY QEHYIAGB?%O(FJ&&?%P@&IDWQ:T;&L G

Anot her exanple is the transm ssion of delta QP. If a
macrigtRek=bRydheiepipaecenent T ayer does not have any
NONZ kP (bl & =CRQTAY Gl @iBd; Sub MR Z0RBhBGEGEE; mb_idx ++) {

PCT/ US200:4£1048854 35 and nonzero chroma DC

coef fi ci &rdng MBHdidet $pdnddy fsanmbe ooiziend chrona AC

coeffi ci ¢inted randad tveomeedreabirock CBP in the base | ayer

i$ zero, tshiei ﬂelfgsan@vmvven@et() sent i mmedi atel v before

: ) e ] » .
i & vperkTP’ﬁ_fCéli{)pnt frnml‘h(3 way in whi ch thpqp qvnt ax

nen ifeipho bprg i B Q <& & gggs/o a“-.’l\v m Base daleiahs o

Herdap 8d 98! pseudo code presented above |

' - chroma dc_coefficients in the cycle()

}
if( allow_chroma dc¢) {

chroma ac coefficients in the cycle()

;

i
i

[00110] With CAFs and associated coding techniques, as described in this
disclosure, the decoding process for an FGS slice can be significantly simplified,
and may be similar to the decoding process for a discrete enhancement layer. The
CAFs and associated techniques can also significantly simplify the specification of
the syntax of the FGS slice. Set forth below in Table 5 is an example of the
decoding flow, e¢.g., within video decoder 22, when a CAF and associated
macroblock header, as described in this disclosure, are used. Some functions that
are not listed may be similar to the functions used in SVC JD, except that
improvements or modifications explained above in this disclosure may be used.
CAFs can also work with different FGS coding schemes.

[00111] The switching of input data, i.c., data within a fragment, may be handled
inside the residual _block decoding function. The cost of switching of input buffers

is much less than the cost associated with a frame-based decoding process.



[00108] Two chroma related flags, allow _chroma_dc and
al l ow chroma_ac, may be used in video encoder 20 for
W@ 0vBH0a8888 Nng the rate of transmtting the chr oP@I/US2007/073354

coefficients with respect to the rate of the

transmtting luma coefficients. In coding cycle O,

these two flags may al ways be,set to 1, so that all of
the syntax elenments nention above will be

transmtted in the first cycle. The bits upon sending

@‘gﬁﬁ% syntax elenents will be delayed, but may still
Asmtted within the first codi nq cycle of a

macr obl oS SGE BAA INRGEALABLE E NRYNTAXot

have nuch inpact on the codlng perfornance if the

T R et TR blbéi{udrﬁ’e?d){'”e VB TeadeT O Ffescriptor

ncdh et nd 1o h| Al 4

eSSl m’n%fm ilaﬁwp RLifoas S&%“I%b}f?ﬁ?@n%?n?‘ 'E hoadbr

mayhiaveMPAIdiTe lstNRidiidr e similar to that of fa

coarmsehgdaiim pSNRs¢ adfabndni_tliges( CGS) | ayer. WO

2008008886 RETAUSA007/ 073354 36 TABLE 4 DEFf NI T[ON
OF WO SEARER.] I AR SLLE pf@mkGycles| =0
AT R A VAR A

gend MB ﬁ)é(dd'@r %]édﬁﬂa{el y fromthe coefficient i

need to séﬁiﬂ’c?ﬁéﬁs[llén(%mﬁ?r@ﬁﬁ?ﬁxg%@ﬁ& rrb s noti on

ref i nement ase41ﬁ5“a1 E“P’ngﬂ% luma ch| = D &&
J—l—r—a‘ﬂs—i—ﬁ:‘—%&é‘ v *‘8 e wo\_xg"l'—*"etl“x“ ranst-or
T T I} AT Ul LI
8x8 a i | uma Phl:nk,k, hncpr‘rhphlzn nb_del t a
I

gpo | umaPkBEr eI dit€4in the c cle if al hr onh do

C
chr onma decdebblpdki Gdgelnd bikfxdtlhe cycle() if all omd chi ol acv)

do pr_slice residual block( LumaLevel[ blk4x4 ], baseCoeffs, 3|4
0, 16, ScanVectPosLuma, coded block flag luma[ blk4x4 ], 0
)

if( ! entropy_coding mode flag && transform_size 8x8 flag)

for(1=0;1<16; i++)

LumalLevel8x8[ i8x8 ][ 4 * 1+ 14x4 | =
Lumalevel[ blk4x4 ][ 1]

}

}

else {

for(1=0;1<64;1++) {

baseCoeffs[ 1 ] = base_luma_level8x8 ( CurrMbAddr, 18x8, 1)

pr_residual block( LumaLevel8x8[ i8x8 ], baseCoeffs, 314
0, 64, ScanVectPosLuma8x8, 1, 0)




chroma ac coefficients in the ¢ cle [00110] Wth CAFs
and associ ated codi ng techni ques, as described in this
waele@slassss e, the decodi ng process for an FGS sPCTYESHATIO73354
be significantly sinplified, and may be simlar to
the decodi ng process for a discrete enhancenent | ayer.
The CAFs and associ ated techp ques can al so
significantly sinplify the szgéification of the
syntax of the FGS slice. Set forth belowin Table 5 is
an exanple of the decodjn w,_e.g.. Wwthin video
decoder 22, when a CAF ghﬁggiggfpﬁﬁggalnacroblock
header, as described in this disclosure, are used.

bonaﬂgyﬂggﬁgﬁﬁl&ﬁalo)@re not Iisted may be simlar[to

the 1t WNGELRDS PSR Gl Fxceptthat

1 ovanpn e oaynl ainad ahnvea T n

(0]

Hp ”%‘Qr(;l(;bt‘ri ORA S e SCH L e T e work wikh |

di_scl rmv Es can also work wilth

di f f er dfff 1 TGS A6APRESSclibhes. [00111] The switichinh of

i nput _dabacCopile | - et curaniaDRi Ipvel ChrdhaniCbCray e

handl edr slidastdlalt hiek @sinthdalevol @dkr decodi ng f ungt4 pn.
The cost baéCosii, 0.@HfiNugCOL8, Paap\ectPhihfompldC, 0i i5) much | ess

than the cost associated with a frane-based decodi hg

pr ocess(iCMD=2008¢:008 888r+QT/ US2007/ 073354 37 | TABLE 5

PGS SLThrigki 6 id N < b aiELEx K | ENST ON- SYNTAX

~n

[JI Oyl cbbon("’M;Mu'Ol i'4§4'4‘_"4”14'x? _,,_I)L{B data-in-btock-order( (

ceri nt or adervyn ‘rafi nannnt dAat o

\./ oot Plb VA roerrirroerroeTit UtuUAlT ™o

£5)
supnpl enent 1(4 1ﬁ¥8 ZJﬁij'ér‘al abl e extensi nn( ) whill e(

Cur § MDAGAEE 4o ABRERY 1) T '

nb_header |hmg?@%ﬁg§§wveﬂ@mwﬁ@dﬁwt slices( ) for(

i 8x8 = 0: | 8xigCuer Addfﬁghqfdlﬁxgéﬂﬁl).traan ormsj ze Bx8

flag |1 %b%%&( x4 = o

[
1
haqp(‘npf%qr i 'I = (l Tranfnrrrﬂl ze8x8F| ;m\ ? blase | um

level { Curr MoAddr. 18x8. 14x4. i) : base luna | eve| 8x8

CurriMoAddr, 18x8, i * 4 + i4x4 } blkdx4 = i8x8 * # +

14x4

[00112] Table 6 below illustrates example syntax for FGS slice residual block

data in the scalable extension.

TABLE 6
FGS SLICE RESIDUAL BLOCK DATA IN SCALABLE EXTENSION SYNTAX

pr_slice residual block( coeffLevel, baseCoeffs, startldx, stopldx, scanVectPos, C | Descriptor
codedBlockFlag, isChroma) {

if( lentropy coding mode flag)

pr_slice sig coeff and run =pr_slice sig coeff and run cavle

else

pr_slice_sig coeff and run =pr_slice sig coeff and run cabac

endOfBlock = codedBlockFlag =—

codedBlockFlagNotCoded = ( isChroma && codedBlockFlag==1)71:0

runLen =0

firstCoeff =1

for( fragldx = 0, scanldx = startldx; scanldx < stopldx; scanldx ++) {




coded bl ock flag_luma[ blk4x4 ] 3 4 ge(v) ae(v)
prslice _residual _block( LumaLevel [ bl k4x4 ],

whawessts s, 3 14 0, 16, ScanVect PosLuma, codeRCT/US2007/073354

bl ockflag_ | uma] bl k4x4 0 if(!
entropy_codi ng_node_flag && transformsize-8x8-flag )

for(i=0;i<16;i++) LunmaLevel 8 i8x8 ][ 4 * i + 14x4
LumaLevel [ bl kd4x4 ] [ i ] } else { for(i =0; i <
64; i++) { basereffs[ [ base | uma | evel 8x8

(Curr MoAddr, 18x8, i ual ock(

LunaLevel 8x8[ i8x8 |, bgtéégi4€é”“§“ %f 0, 64,
ScanVect PosLuma8x8, 1, 0} } WD 2008/ 008888
Pblu@g&ggﬁmg£;§@QWw¢§Lp§§hq4q){cont|nueo T cphro

Qe \AY 4 L~
roritra Ié‘ IILDAO - = 7 | AA B YL T

Qlllf\l—lnalrm’g fnr( |("b("r = n, LChCr < 2; LChCr +k
for(lswm@‘yﬁxl 4 * NunC8x8: j++) baseCoeffs[ j |
base chromaDC | evel ( CurrMoAddr, i CbCr, i ) prk

| r esifdusadigCdatraak cakltr praDCLevel [ 1 CoCr |, 3 14
oasenggéﬁq“H%C&ﬁﬁsgyﬂkyxgp1:@?nve0tHOSLnronauu, 0,11

* A

o
D

£ o\ £ ;
Ot uTT} 1 IUI\ FBX8—F——
: ‘kf K kﬁsgqﬁmﬁim@uf“ngx 14x4 = Q: 14k4 <| 4:

1Axd++) { bax4 = i8x8 * 4 + 14x4
if( codedBlockFlagNotCoded ) {

codedBlockFlagNotCoded = 0

if( startldx == 1) { /* chroma AC */
coded block flag chromaAC 314 | w(v)|ae(v)
endOfBlock = ( coded block flag chromaAC==0)71:0

}

else {
coded block flag chromaDC 314 | uv)|ae(v)
endOfBlock = ( coded_block flag chromaDC==0)?1:0

}

}

if(runLen > 0)

runlLen --

else if( ! endOfBlock ){

pr_slice sig coeff and run( coeffLevel, baseCoeffs, firstCoeff,
scanldx, startldx, lastldx, trmCoeff, numCoeffs, isChroma )

runLen = ( numCoeffs > 0 ) ? numCoeffs — 1 : 0;

endOfBlock = ( numCoeffs=—=0)>1:0

firstCoeff = 0

}

if( runLen == 0 && ! endOfBlock )

coeffLevel[ scanldx ] = trmCoeff




for(i =0; i <4 * NunC8x8; i++) { DbaseCoeffs[ i ]| =

base chromaAC | evel (CurrMAddr, iCbCr, 18x8, 14x4, i
WQ 2890888% _r esi dual _bl ock( ChromaACLevel [ i QxC¥/U$3007/073354

b8x8 ], 3 14 baseCoeffs, 1, 16, ScanVect PosChr omaAC,

O, 1} } } } [00112] Table 6 below illustrates

exanpl e syntax for FGS inceE{esiduaI bl ock data in

the scal abl e extension. TABLE'S FGS SLI CE RESI DUAL

BLOCK DATA | N SCALABLE EXTENSI ON SYNTAX prslice

L dual b k(.cpefflevel , baseCoeffs, startldx, .

LR34f: o LRRCa R IRt e oD T b YR caefficient and
haGhreslict Hata@A BARYsyRRMI Ng_node_fl ag )
prslice_sig_coeff and run = prslice_sig coeff and
run_cavlc else prslice_sig coeff and run =
prslice_sig coeff and _run_cabac endO Bl ock =
codedBl ockFl ag == 0 codedBiagqht agNot Coded = (i sChroma
&& Qe ANT COEFFICIENT AND RUN IN'HGS'SEICE DATA CABAC
firstCoeff =1 for( fragldgynfEaxscanl dx = startldx;
scanl dx < stopl dx; scanl dx ¥3$‘fxmo 2008/ 008888
PCT/ US2007/ 073354 39 TABLE 6, continued whil e(

€ ahidedXe sveffSOaRMeabiROSE ek adhdXoctts, XirgJoeff, T r agl dX G+| Deseriptor
SWi t ch-sGAFk, sjartldk, lastldx, trmCoeff, numCoeffs, isChroma ) {

significant coefficient cabac( firstCoeff, numCoeffs, trmCoeff )

}




I f( baseSi gCoeffMap[ scanldx ]) { bLSign =

(baseCoeffs[ scanldx) <0 ? 1 : 0 ) coeff refinenent(
whr@sgesssgoef f Level [ scanldx ] ) } if( PCT/US2007/073354

codedBl ockFl agNot Coded) { codedBl ockFl agNot Coded = 0

i f( startldx == 1) { /* chroma AC */ coded bl ock

flag _chromaAC 3 14 u(v) ae(v) endOf Bl ock = (

coded- bl ock flag_chronmaA ]0) ?1: 0} else{

coded bl ock flag_chromaDC 3 14 u(v) ae(v) endO Bl ock

R G5 958 SRS i S ot b o
PGSIslie&dsh g2006f & Iﬁm run( coefflLevel, baseCoeffs,
firstCoeff, scanl dx start| d, lastldx, trnCoeff.

nunCoeffs isChrorra "runLe gunCoeffs >0) ?
effs endX Bl 0 > X
o s P fGRT 1%# m@(iisu@ﬁoq}ﬁﬁoéﬁvw
coefflLevel[ scanldx ] = SYNIEYY

008/ 008888 PCT/ US2007/ 073354 40 [00113] Tabl 7

pbier| sbov_ii¢_lceest md tres caaleagvplleva yateaoe, dirst@igni f i cant C | Deseriptor
aef fi cscadx, saaddx, lastldx, trmCoef, numCoeffs, isChroma ) {
numRemain = 1

for(1=scanldx + 1; 1 <lastldx; 1 ++)
numRemain += ( baseCoeffs[1]1=0)0:1
sigVlicSelector = sig_vlc_selector| scanldx ]

eobShift = isChroma ?
eob shift chroma[ scanldx ] : eob shift luma[scanldx ]
significant coefficient cavlc ( firstCoeff, numRemain, sigVLCSelector,
eobShift, numCoeffs, trmCoef )
if( numCoeffs==0) {

residual mag = (trmCoef<=0)?1:0
else {
eob=1
for( 1= scanldx + numCoeffs + 1; 1 < stopldx; i++)
eob &= baseCoeffs[ 1] !=
if(eob) {

residual mag =1

coeff_sig vle symbol 314 | ge(v)

trmCoef = coeff sig vilc_symbol
§
if( residual mag ) { /* magnitudes greater than 1 in CAVLC */
for( 1= startldx; 1 < stopldx; i++)
sigCoefMap[ 1] =
(coefflevel[ 1] !=0 && baseCoeffs[1]==0) ?21:0

significant coefficient magnitude cavlc( coeffLevel,
SigCoefMap, startldx, stopldx, trmCoef )

i
if( residual mag ) { /* magnitudes greater than 1 in CAVLC */
for(1=0;1<4;i++)

sigCoefMap[ 1] =
sig chromaDC coef( CurrMbAddr, iCbCr, i) ?1:0
significant coefficient magnitude cavlc( ChromaDCLevel[iCbCr],
SigCoefMap, 0, 4, trmCoef)

[00115] Any device described in this disclosure may represent various types of

devices, such as a wireless phone, a cellular phone, a laptop computer, a wireless



run in FGS slice data CABAC syntax. TABLE 7
S| GNI FI CANT CCOEFFI Cl ENT AND RUN I N FGS SLI CE DATA

WE2BAQSSBYNTAX prslice_sig _coeff and run cabaR(T/US2007/073354

coeffLevel, baseCoeffs, firstCoeff, C Descriptor
scanl dx, startldx, lastldx, trmCoeff, nunCoeffs,

i sChroma significant coefficjent cabac( firstCoeff,
nunCoeffs, trnCoeff ) } WD 2 / 008888

PCT/ US2007/ 073354 41 [00114] Table 8 bel ow

illustrates example syntax for signifjcant coefficient

EUTRGH® A5 ot A Br Fesecopupiptign e SPlacem A%L@C@ card, a personal

SlotaN SN Flaal ENErmANEr RN rES&n%Lth%nQ&% Adevice, or any
VLC SYNT pr_slice_sig_coeff and run cavlc

Bwlimediy devich dlss Goafriwnicdtes Braushf § wicl@sgurwipedchannel. Such a

acanldx startl dx, lastld trnCo
|

, , f..n qggiffs . )
esv&]er %1%% ha\ﬁeu V. éor}lginr?m:es’ls iéra(siacc:es% g%rtﬁ}naai 211 aclces§ unit, subscriber

L@ig trhébile dtatioh) mobBileewiae, dtsile(utia sabale fphshe, imdbile=rdhote station,
O0: 1 sigVicSelector = sigvlc_selector[ scanldx ] )
Earghierminal,irgmpte i, wee8eyiehiupdr canibBieaf. hardhsldidevice; or the like.

T ot L
sufivcoef fismwhren@oednyl t¢mbinatieffcsest. =10)jmplemesicduial sofewgare, the
g:ee thﬁgw%o :epfaﬁ j?:f’(jg%?ﬂl;%&l _p;[ ie,c:)as‘[ ?ﬁspglftgbf ggi,e:?r}_mf oer (stolé%d: gr transmitted
RREEGREE To? [colie bn'dcdmputer-readable medium of a computer program product
that cause a processor to perform such techniques. Computer-readable media may
include computer storage media, communication media, or both, and may include any
medium that facilitates transfer of a computer program from one place to another. A
storage media may be any available media that can be accessed by a computer.

[00117] By way of example, and not limitation, such computer-readable media
can comprise a data storage medium such as RAM, synchronous dynamic random
access memory (SDRAM), read-only memory (ROM), non-volatile random access
memory (NVRAM), ROM, clectrically 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 computer-
readable data storage 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.

[00118] 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 reproduce data optically, e.g., with lasers. Combinations of the above should also

be included within the scope of computer-readable media.



if( cob) { residual _mag = 1 coeff sigvlc_synbol 3 14
ge(v) trnCoef = coeff sigvlc_synbol } if( residua

Woregp/0§ssss magni tudes greater than 1 in CAVLC PCT/US90T/073354

i = startldx; i < stopldx; i++) S|ngehop[ ] =
coeff Level [ i ] '= 0 && baseCoeffs[ i ] 0?1:0
significant coefficient nagnli ude_cavl c( coeffLeveI

Si CoefMa , startldx, sto Idx,” trnCoef } if( resi dua
mag) { /* magnitudes greater than 1 in CAVLC */

S Th o AR g1 B e
n&%ﬂ@ﬁﬁﬁﬁﬁ@@i&%%@ﬂ@tﬁﬁl@%b, bydnc P&l proc@ssors such
[00115] Any device described in th

@ﬁ 9@1: @gu“nerenéggltale plge@lemoceﬂaMSo@FsSHsypg@etaﬂ pudiease c@mprocessors

BB 2o RSB Suebe o8 g o

@GM)I d)ﬂiﬁﬁéreeqdﬁml&&nt@gr%d ot &ﬁ&eﬁ‘eolﬁg"éfvl&afftﬂyo fIn sorne aspects, the
gg@sonal conputer (PC) card, a personal dig
fiQnagifg ?soghﬁ;d ARINeREE e AIrowecqd widih Q?dlﬁ}ﬁﬁ%fb ﬁﬁft\ﬁare modules or
c
AR N8R o Btor b ERAN BochMEE ey i Bporayod i gombined
a@ademxﬂermamdhaﬁmnyﬁmjous nanmes, such as access

L@A%lna' Wbt eere o %§q7§%§§1 %Veehﬁ% Lé?@f%ﬁ%n?hese and other

E%thk Gre WRERLE: SbAL bPMe fol[cﬁﬂﬁ% Blafg§. M nal , renote unit,
u devi ce, user equi pnent andhel d deV|ce, or the

like. [00116] The techni ques descri bed herein may be
i mpl enented in hardware, software, firmvare, or any
conmbi nation thereof. If inplenmented in software, the



techni ques may be realized at least in part by one or
nore stored or transmtted instructions or code on a
W@ 209p108888 r eadabl e nmedi um of a conput er progr aPCPUSWHOT073354
that cause a processor to perform such techni ques.
Comput er -readabl e nedia may include conputer storage
medi a, conmuni cati on nedi a, q{ bot h, and may i ncl ude
any nediumthat facilitates Yansfer of a comput er
program from one place to another. A storage nedia
may be any avail abl e nedi a i@a an be accessed by a
conputer. [00117] By way of hﬂ% and not
l[imtation, such conputer-readable media can conpri se
a data storage medi um such as RAM synchronous dynam c

tandofh vidgescesingrmaetbey cOBPRAN:, read-only nenory (ROV),

non- vol at.i | randon1 acce NV ; A )

ol oot Pl bR A9 SR TR et o KRty and

( EEPRENpsuRRERR@M cﬁﬂéﬁfﬂ a@dﬁﬁﬁfy,of EpeMs U ctOthBes start of each of
optical dISk st or age, gnetic dISk storage or ot her

Wﬁéﬁ@fﬂe@tssspb?r@ﬁ@ﬂﬁémn@@é’s chth agiaft oft anerof dnpiglesr -
readabl e data storage nediumthat can be used to carry
or store desired programcode in the form of

Q nSt r Th¢ meti®d@f cthahd, S/heneﬁt encessudatalg tchaprisarenbgsulating the

scissgsa,pia compu el LO0LIE Ase, SRy SerEEon
ﬁﬁ@fﬁﬁ{lﬁly tdindifhe wigf 4 W@ft%f bie bf @B %%IE§ ed froma

website,” server, or other renote “source using a
coaxi al cabl e, flber optic cable, twisted pair,

TechnihsBragassaimd- Ml Be Fastire) fh fonwsogmaging plocks of

frﬁ‘t%ﬁbﬁxh@be‘ﬂ@ﬁé(ﬂt@' and €Al deag thi PerS WBEd Gat& BRLRs int M8 @foding the
pair, DSL, or wirel ess technol ogi es such as infrared,

eendfieionta assopiatod ovithde FIGS Vided dateblocks inrbe exésni ti on of

medi um Di sk and disc, as used herein, includes

conpact disc (CD), laser disc, optical disc, digital

yer saThé method ®f clWD)1, whidetpiy FAISSK d@odhtdblockadonehirse blocks of
mhere di sks usual ly reproduce data nagnetically, while
Hprsdermy eqsffacients aaQtV%hebep@ plapgt yome ofthe Cyplensnagdgpgform

| uded
QTGRS hEiaRl il PRANR, SPAUIGANAG A blddk; Iete
2008/008888 PCT/USZOO7/073354 43 [00119] The code
-2%33 %ggwps&?aﬁffﬁr g@ﬁt ey §%§% E%n& slgsf %?respond toa

BrOFRULIGE refﬁleﬁlent @R) QR& SYviflY BT Ocessors, such as
one or nore digital signal processors (DSPS) genera

pur pose nlcroprocessors application specific
| ntegrated.cir Cs field programmbl e | ogic
gTrayiﬁe?E%@£§¥ ﬁﬁ%? % GUR%nt i ntegrated or
di scr giyih@@heos Jdamgttbyhe frilo REHIR afgpect s, the
resetting coding contexts associated with the entropy coding for each of the

fragments.



functionality described herein may be provided within
dedi cated software nodul es or hardware nodul es
w@emBiogassed for encodi ng and decodi ng, or i ncoP@EDD8108T073354

in a conbined video encoder-decoder (CODEC). [00120]

Vari ous aspects of the disclosure have been descri bed.
These and other aspects are within the scope of the
followi ng clainms. WO 2008/ 008388 PCT/ US2007/073354 44
CLAIM5S: 1. A video coding nethod conprising: encoding

Tn" oy ShERAGH STV Bp Bhriatn Sy fetheyfoifady foffidk coriies:
pl ur afii{in®in EMRPYRBES U dpPBt the chtréyt codingeAth c&h of the

the fragnents subStantially coincides with a start of
tagmoits tsheatrepy Feded; 20d The met hod of claim 1, wherein

encapsul at | C rises.encapsulating th cles kn a
ol ur a1 PR RER e IR PR b pop e ST PR
ahoraaahisthttbpgecddedgnment s substantial ly coincides with
a start of one of the cycles. 3. The nmethod of claim
1, wherein the FGS video data bl ocks conprise bl ocks
fot f i1C} - ' t '
Bata bloaedo s RElh e Lk Ecor iy SEARIONhelGHE P bFRR cycles
a$th acicatoe chode tdsdaheo EFEEdefinkeiscdapasitibroekBini dact bfthe blocks
cles. 4. The nmethod_of claim1l, wherein the FGS
OFlgEonana e 086%31@@00%%(;“ of transform
coefficients, and wherein at | east sonme of the cycles
span transform coefficients associated wwth a
Pl ur alh¢ ynethfodtoti elaFGS, fiirthencataprasiig owkdingsnfoithatianetd srgmhal the
of claiml, wherein the FGS video data bl ocks
LSHIPENnd to a progressive refinement (PR slice of
video data. 6. The nethod of claim11, further
conprising: applying entropy coding to the fragnents;
thd r Ebemetheg of slimd . wbercaxeash o€ H@iyalce teprgsehts ehlgast a portion
tr. cading fer each of ~t.h firagments. WO
SEbaRRERY B Dlasg TS 5L g 3 e et hod o
claim6, wherein resetting the entropy coding
conprises: flushing an entropy coder used to apply
the eftyidgereadR $gMRFIEBE: each of the

a cycle-based coding module that encodes fine granularity scalability (FGS)
video data blocks in cycles; and

a fragmentation module that encapsulates the cycles in a plurality of fragments
such that a start of each of the fragments substantially coincides with a start of one of

the cycles.

12. The encoder of claim 11, wherein the fragmentation module encapsulates the
cycles in a plurality of fragments such that a start of a payload of each of the fragments

substantially coincides with a start of one of the cycles.

13. The video encoder of claim 11, wherein the FGS video data blocks comprise
blocks of transform coefficients, and the cycle-based encoding module encodes the

coefficients associated with the FGS video data blocks in the cycles.



fragnents is entropy coded; and resetting the coding
contexts used by the entropy coder after each of the
WO e@gesssss i s entropy coded. 8. The met hod of RCEHUS007/073354

further conprising controlling one or nore of the

cycles with a vector node to scan to a predefined

scan position within each of Lge bl ocks before noving

to anot her one of the bl ocks. The net hod of cl aim

8, further conpr|S|ng encodlng information to S|gna

Wien SREHREe Ehoracot ol NG R ECE 4o it BIRES tigrise

BloBRAEr t%%[‘m%%@ﬂﬁciéfnts()%el‘%in z!imée%t &md H@h8LRGkSspadt Frandhorm
vi deo encoder conprisin a cycl e-based codi ng nodul e

edrdficients eghesiateidrveithyr pived %é:f pt sble $68 wdeq datyblorkss)  vi deo
data bl ocks in cycles; and a fragnentati on nodul e that
encapsul ates the cycles in a plurality of fragments

ssich Thatidao shader &f cléachl, afhetdie tHeFERTRIAES data blocks correspond
substanti al |y coi nci des With a start of one of the

toycpregressiye refmemenid BRa pligsfofatidgoriatel, wherein t he

fragnentati on nodul e encapsul ates the cycles in a
plurality of fragments such that a start of a payl oad
M eathe oided hlecofdee@tﬂmtrsl 1, Swidst aompasihy ac eﬁtmpyd@slen/mmiule that

tart of o of t C cI 13. The vi deo encoder
ar CPFREOPYA08INg; th ﬂfﬁh@ a%%lt%; .aa%esafé@a&sg SeMexts aRgriaed vith the

ggg% af QB@&§Bgfﬁiqg%5&hﬁgents, and the cycl e-based
enc ng du e encgdes the coefficients associ ated

W th the FGS video data bl ocks in the cycles WO
08/ 8 8 PCT/,US 7/ 07 14. The
i cod ‘%e% FRGOF YT CliRle o ﬁ“ef‘% ESChg S%tr‘lPé{tCé’d&goﬂ‘t?semmpy
ESHEP FiodBle RIsREK éi’lftro})?'r @&&fr%‘ééﬂ ©Q@pky the 8ty VBRI &dch of
| east sonme of the cycles span transform coefficients

thedpgmentsds WilthIPyaJOé@dJ raafl irftsytsélfle eqgéngreBtaxtyessd duttle entropy coder
%%% KSi ofiRe ﬁagﬁﬁy& entenc%g&dof claim 11, wherein the

rueo d BVrespond to a progressive
refinenment (PR sllce of video data. 16. The vi deo

encoder of claim 11, further co i sin n entrop
Soder Thotdre cheeder ofghHim bls“élﬁfeangy‘ ceelarhiet @ dinggnddule control

%{]cg%@“ﬁ{ét Srel W £3&GH f R 1B HAB LG AASE O%h Fo&foWifhin cach

of the blocks before moving to another one of the blocks.

19.  The video encoder of claim 18, wherein the coding module encodes information

to signal the vector mode.

20.  The video encoder of claim 11, wherein each of the cycles represents at least a

portion of a zigzag order scan of one or more of the blocks.

21. A video encoder comprising:

means for encoding fine granularity scalability (FGS) video data blocks in
cycles; and

means for encapsulating the cycles in a plurality of fragments such that a start of

cach of the fragments substantially coincides with a start of one of the cycles.



entropy coding for each of the fragnments. 17. The
vi deo encoder of claim 16, wherein, to reset the
we@piososssE odi ng, the entropy coder nodul e fl uBtiIBEES2007/073354

entropy coder used to apply the entropy coding after

each of the fragnments is entropy coded, and resets

the coding contexts used by t entropy coder after

each of the fragnents is entrbpy coded. 18. The video
encoder of claim11, mherein the cycl e-based coding

dul trol he th t
o o TS PSS Sasog e it L0 SoNGa R b Bt Sl FOrgies
hﬁasns%pgﬂf&pmaﬁfg%@@yquntaqﬂ@a X fﬁgﬁﬁn@fsuémﬁabé QeKDf a

. The video encoder of claim 18, wherein the codin
mdqﬁdeof@ﬁ@lod%@e imeoenasisentaby soigeides whb aptact grongod e
20 The vi deo encoder of claim 11, wherein each of the

?es represents at |least a portion of a zigzag
order scan of one or nore of the blocks. 21. A video
encoder conprising: neans for encodin [

f
&h-anull e Vidgo seedabef glaip I -adprap thed Cagviéleg E@é letockycomprise
ll%gkse(?F tra%%{ﬂ%?gﬁicfe%s &ﬁ‘&ﬁg%ﬁ%ﬁ% f&%n§5h%ng°%1g 'P%gsa%iﬁecggata blocks

urality o agnment $ suc art

idahldéx agaesnos cisioksigahd cadffigicato nssorided with the # Gt ado ddta blocks
ﬁ of t he cycles. WO 2008/ 008888 PCT/ US2007/ 073354
wrhosyclefre video encoder of claim 21, wherein the

encapsul ati ng neans conpri ses neans for encapsul ating

the cycles in a plurality of fragnents such that a

34.ar t Th¢ video pagpidenef addimelc whefein the HGSagidemtiata blocks comprise

bst ant [ i th t of f . th
Eipgred st lritfaf End e Pl 1 haches 1o st st e gnsform
ESSrivib e assdaiate dRViaCK SlueOmPof 818 FAY WaksSdah blocr)sT or m
coefficients, and the neans for encoding the FGS vi deo

data bl ocks includes neans for encoding the

58 effi Jl"ﬁé \eflﬁr%g' SIS ?glc of?thaelgl ﬂ he}; %é’ﬁ? dﬂgtbg)fgls rorléesépond

in the a€o enco er o

mepxegfa:silh@re%&nvmctea) diadcep ftidoktitaconpri se bl ocks of
transform coefficients, and wherein at | east sone of

the cycles span transform coefficients associ ated

th | bl ocks. 25. The
%§deo?gﬁg%%gkh%gbﬁﬁf&Qﬁbgfﬁkﬁgﬁggﬁgﬁﬁ ®FGS vi deo data
bl ockmeewy foesgidnidg entropy coding to the fragments; and

means for resetting coding contexts associated with the entropy coding for each

of the fragments.

27.  The video encoder of claim 26, wherein the means for resetting the entropy
coding comprises:

means for flushing an entropy coder used to apply the entropy coding after each
of the fragments is entropy coded; and

means for resetting the coding contexts used by the entropy coder after each of

the fragments is entropy coded.

28.  The video encoder of claim 21, further comprising means for controlling one or
more of the cycles with a vector mode to scan to a predefined scan position within each

of the blocks before moving to another one of the blocks.



to a progressive refinement (PR) slice of video data.

26. The video encoder of claim21, further conprising:
woreaneodses appl yi ng entropy coding to the fragP@&nus2007/073354

and nmeans for resetting coding contexts associ ated

with the entropy coding for each of the fragnents.

27. The video encoder of claijf 26, wherein the neans

for resetting the entropy cotiing conprises: neans for

flushing an entropy coder used to apply the entropy

coding after each of the fragnents is entropy coded;

and neans for resetting the coding contexts used by

bhe emhE Gi¥o 6RDREr o A BRGhHIRE COI&lBﬁSlfl% aRARMoS chédding

entropy coded. 28. The vi deo encoder of claim 21,

indemiiéion tosiprdl shagecksansdef or control ling one or nore

of the cycles with a vector nbde to scan to a

predefi ned scan position within each of the bl ocks

b@f or h@vMed endodecBdraildigy 2 1QRtheffin tdrh JFhiRcksles Ypresents at least a

2008/ 008888 PCT/ US2007/073354 48 29. The video

BoTEioE ef 2 gfezeg aidgy 80 of ang Prgnoehg BIPFlg. neans f or

encoding information to signal the vector node. 30.

The video encoder of claim 21, wherein each of the

g8i.cl ed coapuesesddabitmédaatcompripiag insomcidnsahaivgragxecute cause a

order scan of one or nore of the blocks. 31. A

BORPUPEP: r eadabl e nedi um conpri sing instructions that

when exeQutige g@aﬂﬁﬁrlﬁl s&fa@ﬂ?%? S @de@&ﬁ%@gﬁcﬂ Becycles and

granularity scal abi | vi'deo data bl ocks

cycl esycapsudiate greopbs Inaa plutrzHEy of/ﬁhgsentm swchghafragsitdrt g'f @fh of the

ra t hat re o ach th fragnents
BHBATED babaPnf et Athci B G b 18 o BB oPloe Biles bf Pe
cycles. 32. The conputer-readable medi um of cl aim 31,
wherein the instructions cause the processor to

dhcapshe mreputhrere@wlee@edlﬁnaofmlwn}h Wne@ﬁn fhea@sf@ﬁtlgns cause the
?1%%6555 haten@a fé{e t%lg f Y?efes 1%% Iapt ooff a%ﬁwn% S Eh ﬁ1 tart ofa
ra rren antil a col nCI ar one

pefyl@d’dieof e@MCbietfhe fidgmerltd eulﬁ‘smmuﬂﬁ bmhela&a@itﬁ a el dﬂﬁn@fof the
claim 31, wherein the FGS video data bl ocks conprise
BYks of transform coefficients, and wherein the

i nstructions cause the

33. The computer-readable medium of claim 31, wherein the FGS video data blocks
comprise blocks of transform coefficients, and wherein the instructions cause the
processor to encode the coefficients associated with the FGS video data blocks in the

cycles.

34. The computer-readable medium of claim 31, wherein the FGS video data blocks
comprise blocks of transform coefficients, and wherein at least some of the cycles span

transform coefficients associated with a plurality of the FGS video data blocks.

35. The computer-readable medium of claim 31, wherein the FGS video data blocks

correspond to a progressive refinement (PR) slice of video data.

36. The computer-readable medium of claim 31, wherein the instructions cause the

processor to:



processor to encode the coefficients associated with
the FGS video data blocks in the cycles. 34. The

W@ 00p/008888 r eadabl e medi um of claim 31, wherei nPETESIEGER073354
vi deo data bl ocks conprise blocks of transform
coefficients, and wherein at | east sonme of the cycles
span transformcoefficients sociated with a
plurality of the FGS video data bl ocks. 35. The
conputer-readable medi um of claim 31, wherein the FGS

vi deo a bl ock correspond to progressive

i § nBHRRET PR CodInEdS it OIS duf 2. 36, - The
conputBstdotmgabhRxi¥Rdidemtaf wih eHcenddpy Mtﬁﬁ% Fd? ch8ifof the

i nstructions cause the processor to: 08/ 008888
PaqneI®2007/ 073354 49 apply entropy coding to the
fragnments; and reset coding contexts associated with
the entropy coding for each of the fragments. 37. The

8PNPUTRE corBpdabtcaddBslindtiuaf oftdl€in 63 Suheide tRiifkstitudBons cause the
I nstructions cause the processor to: flush an entropy

E%ﬁ@ﬁoﬁ@ed to apply the entropy coding after each of

cont coPEPTEROp) SR eAY BRae o et PR P o AliraR

ﬁnggﬁﬁmm&mnspyemkﬂppyicoded 38. The conputer-readabl e
medi um of cl aj.m 31, mher h%e |nstr ctlons a s%hghe .
pr oce&Stitht e0UREGHT DI a4 Py < @%&?&F ithnfragments is
&ﬁﬁﬁgkoggge to scan to a predefined scan position

n each of the bl ocks before noving to another one
of the blocks. 39. The conputer-readabl e nmedi um of

' 8, wh [ h t
8 o TBS ror BB e BRHLAHRTS SRERG Indfaspugtipng couse the
ﬁ%@@s,so% conR6l GRMPWRE of @1@@9&%@%@'%6@0@&0@& 2 Wanlo a
wherein each of the cycles resents at | east a

piseefinnd sodn posiiqpreighia red@hr ofstbgh ogks legiercanoving to apothenenc of the
I ks 41. A video decodi ng nmet hod conpri sing:

rece|V|ng fragnments including coding cycles that

encode fine granularity scalability (FGS) video data
blocks and

39 The computer-readable medium of claim 38, wherein the instructions cause the

processor to encode information to signal the vector mode.

40. The computer-readable medium of claim 31, wherein each of the cycles

represents at least a portion of a zigzag order scan of one or more of the blocks.

41. A video decoding method comprising:

receiving fragments including coding cycles that encode fine granularity
scalability (FGS) video data blocks; and

decoding at least portions of at least some of the fragments simultaneously,
wherein a start of each of the fragments substantially coincides with a start of one of the

cycles.

42. The method of claim 41, wherein a start of a payload of each of the fragments

substantially coincides with a start of one of the cycles.



decodi ng at | east portions of at |east sone of the
fragments sinultaneously, wherein a start of each of

w0 b@shossghrent s substantially coincides with a BCHDS2001/073354
one of the cycles. 42. The nmethod of claim 41,
wherein a start of a payload of each of the fragnents
substantially coincides with start of one of the
cycl es. WD 2008/ 008888 PCT/ US%)O?/ 073354 50 43. The
nmet hod of claim41l, wherein the cycles encode

Bhia BRoRRESas EyRd b S e SHTes ead: HIRGIE so it

heasihtcd W8 8¢ FERE/igCdesbiep@n transform coefficients
associated with a plurality of the FGS video data

bl ocks. 45. The net hod of cIa|n141 wherein the FGS

deodat a <G rre ond essh
A IRERPrpuRy <R 21 ERASRGs S en ST Sar gy
edotfidicdd assobiatediviitiCOFIuRgdite @fwﬂlem AdengitabrRdkm t h
entro%g coding for each of the fragnents are reset
A

a3t er Teagwthed of Rlaim Adgivherels the FEfidisydagobleeks corrpspopgdo a
E%glfbggvé);efﬁlleﬂfe @’iit) smeéf%l&‘e (?d?%h of the cycles

epresents at | eas portion of a zigzag order scan

of one or nore of the blocks 48. A video decoder

d dul ha
8 agmaE BRI 6l A ouT TG PO onral Srecgel WihEnoDy
%&ﬁ%’fcfi‘ h&%ﬁﬁ@hﬁ@hkﬁt& Xre(rgéé@lfté’ﬂ deRof ﬁ@tﬁ?‘aé{ﬁe% Ksc'entﬁﬁﬁ coded.

decodes at |east portions | east so
fragnents S|nultaneously wherein a start of each of

%ﬂ fl"ﬁ?ﬂ]gﬁ]@é (9% Sla 1rn gt \I)v oeég 0 ggglcl\é\% lgeg}tﬁ%ilgg 'a:ltalreatlst gfportion
Yherighdy FdstRhd oPbncorRAot: eaqleqﬂo&@c h of the fragnents
substantially coincides with a start of one of the

cycles. 50. The video decoder of claim48, wherein the

%Cl 'e:&r Qé:ogdje%o%er%n%gﬁsm f A IbCI ecf; &6\9.0%1%%%8%1&% %gt recfelves

frhahentd Seluder @dmgadycleealsett eﬁcmie fok gidimleitg h@$ab$lﬁ1§mFGS) video
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49.  The decoder of claim 48, wherein a start of a payload of each of the fragments

substantially coincides with a start of one of the cycles.

50. The video decoder of claim 48, wherein the cycles encode transform coefficients

associated with the FGS video data blocks.

51.  The video decoder of claim 48, wherein at least some of the cycles span

encoding coefficients associated with a plurality of the FGS video data blocks.

52. The video decoder of claim 48, wherein the FGS video data blocks correspond

to a progressive refinement (PR) slice of video data.



51 53. The video decoder of claim48, wherein coding
contexts associated with entropy coding for each of

w0 b@shossghent s are reset after each of the frapeEOSR07/673354
entropy coded. 54. The video decoder of claim 48,
wherei n codi ng contexts associ ated with entropy
coding for each of the fragnents are reset after each
of the fragnments is entropy coded. 55. The video
decoder of clain148 wherei n each of the cycles

57 ondhor hpriecog giaupt B peSFabtodd P STy Bebied ST enropy

B fot lchdh oﬂfﬁ@ﬂﬁ%ﬁl@ﬂts hRGBIY b& dEREMB M hREIs UMby coded.
codi ng cycles that encode fine granularity

scalability (FGS) video data blocks and nmeans for
codi t ht] f at ast
?Ar? ag nil;ﬁgw%eo A& i érifg c(l)ehlml e wherelil cof co g S?nﬁe%{e oc1ate§1 w1’%h entropy

Ed‘(ﬁné fo@@ﬁ@fﬂif&hé taghadtt bl rkyet @ﬂétﬂsﬁblﬁi etheiftagnmants S édtfop§fcoded.
one of the cycles. 57. The video decoder of clai m 56,

wher el e xidse é?@d@f Ofaplfﬂﬁ‘/f&a seheestn gachiof d1e gygles remassRBit deast a
one of the
B B Lt R B o T o e wher it he
cycles encode transform coefficients associated with
%g ﬁgg@x(“ﬁg g?ta bl ocks. 59. The vi deo decoder of
© PRITYOSPIPE8st some of the cycles span
tr ansﬁfam 0P RICEIVEIAR S ARSAEM BELoinkidy AcPInd @lcbly fiRf

he FGS vi deo data blocks. he vi'deo decoder of
gﬂaaulmlaﬁscaknhélrtse(EGS)heddéGEta/bldeks adat a bl ocks correspond
to a progr nenent (PR ce of o0 data
SR A A A S R sy
Gianlexdons s S AGeAt £dartbt BacB M HRPYagnt@E NBsthMtial§aomcaies with a
the fragnents are reset after each of the fragnents is
giart b pye elobedycless2. The vi deo decoder of clai m 56,
wherei n each of the cycles represents at |east a
portion of a zigzag order scan of one or nore of the
b’v 0CkFhe Vide@ Q0HdOOSERAmPXE] MUSZOV kAt DB 2paylodd 6Becach of the

nput er - r eadabl e .medi um conpri sing instructions to

Era%@@lt&swweeglbb?om@des Wlé‘ééﬁ"@@ of P H%W%Y‘F gl udi ng

codi ng cycles that encode fine granularity
scalability (FGS) video data bl ocks; and decode at
beast Thovideodscodtr aft cldimait, wheren tife clybles Encagmentsgorm cocefficients

si mul t anequsl }
assgumate Welt%t e ¥‘GS video data blocks.

59.  The video decoder of claim 56, wherein at least some of the cycles span

transform coefficients associated with a plurality of the FGS video data blocks.

60.  The video decoder of claim 56, wherein the FGS video data blocks correspond

to a progressive refinement (PR) slice of video data.

61. The video decoder of claim 56, wherein coding contexts associated with entropy

coding for cach of the fragments are reset after each of the fragments is entropy coded.

62.  The video decoder of claim 56, wherein each of the cycles represents at least a

portion of a zigzag order scan of one or more of the blocks.



wherein a start of each of the fragnents substantially
coincides with a start of one of the cycles. 64. The

W@ 00p/008888 r eadabl e medi um of cl aim 63, wherei NnPEI/ES201/073354
of a payload of each of the fragments substantially
coincides wth a start of one of the cycles. 65. The
conput er - r eadabl e nmedi um of c# im63, wherein the
cycl es encode transform coefticients associated with
the FGS video data bl ocks. 66. The conputer-readabl e
medi um of claim 63, wherein at |east sone of the
cycles span transformcoefficients associated with a
gt .ur ali dovnRiferirBR1abeenddi 8 Qo AptiginB liReliStiofd fo cdl¥@ a processor to:
conput er -readabl e nmedi um of claim63, wherein the FGS
vi deorageive flaRmekts iIncdwting sgrirgicyadesghgreogedesiyiogsanularity
refi P l,i f. video data. 68. The
%@%%Qﬁgﬁgéggvg%f%Hﬁégfg%ﬁg cl ai m 63, wherein coding
cont ej¢ddassiegdt pbeidns Bf ithcBR0SIRPYS thO Glap@ichtokinfdtRcAsly,
the fragnents are reset after each of the fragnents is
wheieBs Steib @ erched therfregraaipinbstantiad ygeapncadagadth mstast of one of the
?§&g§n 63, wherein each of the cycles represents at

east a portion of a zigzag order scan of one or nore

of the bl ocks.

64. The computer-readable medium of claim 63, wherein a start of a payload of each

of the fragments substantially coincides with a start of one of the cycles.

65. The computer-readable medium of claim 63, wherein the cycles encode

transform coefficients associated with the FGS video data blocks.

66.  The computer-readable medium of claim 63, wherein at least some of the cycles

span transform coefficients associated with a plurality of the FGS video data blocks.

67. The computer-readable medium of claim 63, wherein the FGS video data blocks

correspond to a progressive refinement (PR) slice of video data.

68.  The computer-readable medium of claim 63, wherein coding contexts associated

with entropy coding for each of the fragments are reset after each of the fragments is

entropy coded.

69.  The computer-readable medium of claim 63, wherein each of the cycles

represents at least a portion of a zigzag order scan of one or more of the blocks.



