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code luma coded block pattern (CBP) bits in an enhancement layer;

[0014] Figure 8 is a block diagram illustrating one configuration of the method
described in accordance with Figure 7;

[0015] Figure 9 is a block diagram illustrating an additional configuration of the
Alternative Run Length coding in an enhancement layer;

[0016] Figure 10 is a block diagram illustrating an additional aspect of coding
chroma CBP using the Alternating Run Length coding; and

[0017] Figure 11 is a block diagram illustrating major hardware components

typically utilized to process digital images and/or digital video.
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compression is also disclosed. The apparatus includes a processor and memory in

electronic communication with the processor. Instructions are stored in the memory. A
video sequence is received. The video sequence is processed in a plurality of frames.
Each frame of the plurality of frames is processed in a plurality of macroblocks. A
prediction of an original video signal, which is part of a macroblock, is constructed in a
current frame from the video sequence. A residual signal is formed by subtracting the

prediction of the original video signal from the original video signal in the current
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category is decoded together. A plurality of transform coefficients is dequantized. An
inverse transform is applied to a residual signal. A decoded video sequence is
constructed.

[0026] An apparatus that is configured to code information associated with video
compression is disclosed. The apparatus includes a means for processing and a means
for receiving a video sequence. A means for processing the video sequence in a
plurality of frames and a means for processing each frame of the plurality of frames in a
plurality of macroblocks is disclosed. A means for constructing a prediction of an

original video signal, which is a part of a macroblock, in a current frame, from the video
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with components described herein may comprise a single instruction, or many
instructions, and may be distributed over several different code segments, among
different programs, and across several memory devices.

[0030] In video coding, a video frame is coded hierarchically. The frame is
partitioned into macroblocks. Each macroblock typically consists of a luminance block

(Y) of size 16 x 16. A macroblock also consists of a block of chrominance Cb and a



different prograns, and across several nenory devices.
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[0033] Currently a Joint Video Team (JVT), which consists of video coding experts
from ISO/IEC MPEG and ITU-T VCEG, is working on a Scalable Video Coding (SVC)
extension to H.264/AVC. The latest development put forth by the JVT is to allow a
bitstream that has coarse Signal-to-noise (SNR) scalability, fine granularity SNR
scalability (FGS), spatial scalability, and temporal scalability. In the coarse SNR
scalability and spatial scalability layer, the luma CBP and the chroma CBP are coded in

the same way as they are coded in the base layer, thus these layers possess similar

problems as those in the base layer.
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Information. In one aspect, the information t
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into a coded stream The detoder nay then produce a
oegioalstignat bedaty §owi tha code. thdostasgcorapresiign dic wromauieted version

{)égk?ntg{]lglﬂ}g él@n%l::){)]rs :dgtﬁsfsel gnt?c%wg etlsléc’ Io%]?gma‘i hmegnal or data. In lossy

compression, the reconstructed version of the original signal or data is an approximation
of the original signal or data. The encoder and decoder may be collectively referred to
as a video CODEC which encodes a source image or video sequence into a compressed
form and decodes the compressed form to produce a copy or approximation of the
source sequence. In the present description, some aspects of certain configurations are

described from the point of view of an encoder. It could be easily understood by those



of the original signal or data is identical to the
original signal or data. In | ossy conpression, the
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conpressed formto produce a copy or approxination of
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smoo decgopdestiict6 nhmei @dpextt) dn entrmyndmwbéerqﬁerfohuas syoEx coding.
$Lenents of a . .

¢ entropy encoder converts the series of symbols representing the syntax elements of
the video sequence and includes 118 them into a compressed bitstream suitable for
transmission or storage. Examples of the syntax elements may include mb_skip flag
(indicates whether a macroblock is to be skipped by the encoder; if the macroblock is
skipped, the decoder will derive the motion vector(s) from those in the neighboring
macroblocks and set all quantized coefficients for the macroblock to 0), mb type

(determines whether the macroblock is coded in intra or inter mode; determines

macroblock partition size), sub_mb_type (determines sub-macroblock partition size for



same category together. In one aspect, an entropy
encoder perforns entropy codi ng. The entropy encoder

wW@wat4s7 t he series of symbols representing tPE/E§DANCS294

el enents of the video sequence and includes 118 them
into a conpressed bitstreamsflitable for transmi ssion
or storage. Exanples of the syntax el enents may
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string 200 includes.a run of six consecuti r :
b TuEn HEsObBal {1ibeb: dPbsoRBIoaY o6 Agre bieenental
EBRmUT BRier Y Qs @ff tosénéo@eel{d?lsne%g‘gvé Rurdb QY R@Hide086th e TFdr@xample, R
provide a run-length = R may then be "encoded b
ofNMEmf@’ yybmcm@mhduhngdneEagp@nmﬂ(}ﬂbmbco@:andmﬂé@? The run
uts seven gonnsec 1%@ eo?ltesI %4 g%lroouped S[:ogeﬁler to provide the run-length R = 7. This
run-length is then encoded by the entropy encoder using an Exponential Golomb code
as “00111.” The run of three zeros 206 and the run including the single one 208 are
also encoded in a similar manner. The string of binary symbols 200 is compressed into
a bitstream consisting of “00110 00111 011 1.” This bitstream may then be read by the
decoder to reproduce the string of binary symbols. In the decoder, the symbol “S”
decoded from the bitstream can be converted to run-length R, using the equation R = S

+ 1.



since mnimal value of Ris 1 and by the convention in
H. 264/ AVC, Exponential Golonb code is used to encode

WowTnegat i ve nunbers starting fromO. For exaPgil/gS20R7/065294

of value "6" may be encoded using the Exponentia

Gol onb code as "001 10." The Hun of seven consecutive

ones 204 is grouped together to provide the run-length
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I'n connection with the nmethod described in Figure 1.

ﬁ}mssata«ltdhcnemalfousmtvahay 302 befefen fast nanzer® value 304. The four
zeros 302 and the first nonzero value 304 are assigned the value “4,” which is coded as
“00101” using Exponential Golomb code. This code is then added to the bitstream.
The following five zeros 306 followed by a second nonzero value 308 are assigned the
value “5” and are coded as “00110” using Exponential Golomb code. This code is
similarly added to the bitstream to be sent to the decoder. As illustrated, a third nonzero
value 310 follows immediately after the second nonzero value 308. The third nonzero

value 310 is assigned the value of “0,” which may be coded as a “1” using Exponential

Golomb code and added to the bitstream. The remaining two zeros 312 followed by a



Zero Runs coding. This schenme has been used in
H 264/ AVC in coding nb skip flag flags. As illustrated

WO p0oFiItp4te 3, a string of binary val ues 300 arBCT/0S1987/065294
conpressed. Using Zero Runs coding, only the run of
the zeros before a nonzero vallue is coded. In one
configuration, the Exponential Golonb code is used to
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the linieofrb i "ﬁhnmunwnqﬂeangbﬁthfd‘ﬂ)erdsm may boedvedababe® iy The run

LGRSO S YEeA04r e PRty THOH R 1R Pos 406 may
bdBhcbddd as ‘td@m ?Fd U iR ainGIRAW rLss MR Podss 4b§§nd 31 zeros 410 are

additional run length decoded fromthe next coded
geggetive thmupmebbunchMPeaﬁﬂéhrﬂai ®© configiFatiorg xtanmindgngth of 15 ones

o Sl A B AT 2 A8l s
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length. The additional run length decoded from the next code is 1. After decoding, the
actual run length is MR, or 14, plus any additional decoded run lengths, such as 1. As
such the decoded run length is 15.

[0048] As a further example, consider the run sequence of 31 zeros 410 to be
encoded. The run length of 31 zeros 410 is coded into three Exponential Golomb codes,
“0001111 0001111 011.” The run length decoded from the first code is 15. Since the
upper-bound MR is defined as 14, the decoded value of 15 implies that the actual run



the limt of 14. The run sequence of three zeros 402

may be encoded as "01 1." The run sequence of 13 ones
wasrbe encoded as "0001 101." The run of HRAI/E8200%065294

406 may be encoded as "0001 110." The remai ning two
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to he I'im ed to ncodi ng and di.ng. of
bty st 1] GBS Textp ETHAopr vt BOGHYys that the
Qﬁc%@lﬂhﬁ’bl@dk‘ﬂ@%@ hoﬂ Qankh EoRA ML ehn %Z@fﬁ@ieﬁ%k&lhlle a symbol
| uma and chroma) contain coded nonzero transform
chélf findicetas shat Fieglume Wock may contain coded nonzero transform coefficients.
In one aspect, the entropy encoder encodes the run of symbols using Exponential
Golomb code.
[0051] As depicted in Figure 5, the entropy encoder encodes run sequences of
symbols through a zig-zag type pattern. The first three 8x8 luma blocks of the
macroblock 504 contain the symbol “0” to indicate that these blocks do not contain
coded transform coefficients. The entropy encoder encodes the run “3” using the

Exponential Golomb code resulting in the code “011” being added to the bitstream. The
fourth 8x8 luma block of the first 16x16 macroblock 504 contains the symbol “1” to



illustrates five separate 16x16 |uma bl ocks in five
macr obl ocks 504, 506, 508, 510, and 512. Each 16x16
wo eova/1id40tk is further partitioned into 4 8x8 PCIES2007/065294

bl ocks. Each 8x8 luma bl ock may or may not contain

coded nonzero transform coeffiXkients. Because of the

nei ghboring correlation, luma CBP bits of the

helighbed thy 88% Burbd blolls nafyeopfairesodell nbheers aaksfviah U@efﬁbionts As
t he depicted configuration, an entroF)(%/ encoder is

ed
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aspect en ropy en er enco run O
sg&nhftgs Exmmﬁimﬁauahg Gad8olmacbldeks {)Dﬁﬁih]obl%&kdiﬂ& Cﬂ"hd rum sequences
gure 5, t he ntropy encoder _encodes run sequences

g@}ﬁb@épgort%?r@dgﬁlaél%kgwlh@etsy@éolpeﬁ’ ‘thstg engpgedrgsy d¢” one 3 block
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51 gge @Q"?Eédﬁ?q‘?ﬁés“?ﬁﬁq BT D Fx8 T gk it he symbol
k-t Jﬁﬁclglx tyrc%egd %dcg Yid R8s Qlﬁ%ﬁ%ﬁftlaf %%lornb code as

f| rst rmcro 04 contai n
t@oiddcat e t hat the 8x8 luma bl ock may cont al n coded

f ff
it 844 e BIGORE e@&fﬁt')f%ﬁ% tﬂnﬁﬁA‘iedSB‘@‘aZtEé‘ t A ﬂ%q F‘lg? illustrated
%grob%ﬁs bth@%ﬁlc%m %9@&11’199.4( 980 "E H@doﬁclt hp S(M'fb@blhO

he entropy e CO er encodes t run usi ng t
E&Qi@ﬁdaﬁt Tak sl et obzﬂ:f’ astht0otkrdon reprdsdntsl & oo lima CBP bit

HOE GuSe" & sobfie bt Brongrashigstpgn, ﬂmnbteéﬁﬂﬁ“ 302 value is

%an&@ofﬂh@%ﬁe Y5ihB Yy hb&s 7l Bro2Re rﬁﬁkécﬁl’eﬁ‘ce tZW)% deeddeary
encoder continues to encode the synbols in

[OBSA] ni m@c&esodlug@r(tdcsmkﬁthefblmwm haelked Sﬁ)ﬂFlgu'fhé lregims with the

SO Her S 38 3B R R . Ot Skt vate wi
B@lg t8Y BRQder &crnk%eﬂh@ QaRIACHARE s ?r%bol% in O @irdt 384 s&iBnldd rr@he next
bl ock of macrobl ock 508 as we as the remal ni ng el ght

& dagndedois SOk $” phidmiodebice eken 3d@tlandtiBd2 CBIPI bitsantth¢ scanning

the synbol '0." Thus, there .a,, sequence. of 9

pies G sTHE OB sforoded 1544102 RGP Tiies e feneth of
ﬁQQQﬁe&tst 1'ﬂ$hé &tﬁnm%g ok B ‘e fxQpenti al Gol onb code

as "0001001. 005 After fhe entropy encoder has

H¥9S4Hed Higura @BE’ @)fbl()(ﬁ@ didgvem i llustsatingt eabther configuration 600 of
scanning the CBP bits within a plurality of macroblocks 604, 606, 608, 610, and 612.
The entropy encoder encodes the run sequences in the same manner as that described in
Figure 5, but the entropy encoder may scan the macroblocks differently so that the
distance from one 8x8 block to another is minimal in order to statistically increase the
run length and reduce the number of runs to be coded. An initial value 602 is also
encoded and added to the bitstream to indicate the value of the first run sequence.

[0055] Figure 7 is a flow chart diagram illustrating one configuration of a method

700 to code luma CBP in an enhancement layer, such as a SNR enhancement layer. In



macr obl ocks, the following bitstreamis sent to the

decoder " 1 0 11 001 10 1 1 0001001." The first val ue
WwW@200711241h t he bitstream represents an initi al PC/OS20CBA5294

bit 502, which is a 1-bit flag of value 1. In one

configuration, the initial CBP 502 value is the

inverse of the value of the synbols in the first run

e quRaeRgtdisdassicls SO enhn0&hait [djlve caleboditlitg apRBSESNRAbyer or a

t he bltstream encoded in Figure 5 begins with the
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&@075 Figure 7 is a flow chart diagram

F’fH Yreé]PP e configuration of a method 700 to code
CBRA IeRRRAREERRY Ht Ry i gis

Ldr?g?% QX?B oc 66 @ a)h"f’ow ng RS f‘é@}l éNll?ndlcatlng that

ancenent ayer. I nt | SCUS )
thexdcldnenin theytease daer khes eondeer caeffiEic®sSNR thajuema 6BPabit in the

oar s ranul arity SNR [ayer. If the |yma CBP to , .,
%Ngeﬁﬁﬁagcqm?nf ﬁaaesmm%rﬂ?aﬂm mif%ﬁﬁé‘rm%iaﬁé t@wlvﬁbf hepne bit is
%&E@?E@e{ﬁﬁgghlé %/lﬁ% dﬁpﬁ‘ot%a% 'ECPBQ e)g[gfc'it @ﬁdoa&i Wbl et &i€if the actual

base [ ayer. ITTustrated in
Félgcu Déth% limel iR esthmehahleememt laydr i$ hex” thenmisgBPdictiont hthe value
{1 |ayer |s to be coded. %005 The ngc}hod
ot e dums SR, thg sphsiiee et tevet e b go2 $U bR vHg SyRigx level.

B Qe gk 16 AP AR Cenh @Y @chP 1dyBE iCeHdo8 N BuBsy-06Kkd fr cach sub-

t he enhancenent |ayer has nonzero transform
bloek hddiiem synthi cletvenc are @Eipdi ﬁtdthﬁ@im&rlbtmﬂichn whegher there are

base | ayer s the i.ndi cat.i ng .t he

D Surel eSS i ReGRPr GikenT b minareAEt Ao dhikime GBP bit in
R éiilﬁﬁﬂefﬂeﬁﬁ 1ag@0atl the (SR8 HIOUIK ROE BXP bBlcBEctbd af I sub-block level
enhancenent |ayer is further coded as four sub-bl ocks.
withtrbletiealy senll o8zl otke adilitidral eosémame mﬂmtraledy)efrthcr method 700

BYEEHE L0 e eaEat e Lol T8 I Fopal st luma CBP
bt iRliédHBE 18hzdrB@oé¥iRicnts as well as the 8x8 block in the enhancement layer to
be coded as four sub-blocks before the 8x8 block CBP bit in the enhancement layer is
not encoded.

[0058] In one configuration, the Alternating Run Length coding is applied to those
enhancement layer luma CBP bits where either their corresponding luma CBP bits in
the base layer are zero or the enhancement layer luma CBP bits must be explicitly

encoded because the 8x8 block is not coded as four sub-blocks. In one configuration,



condi tions provided 704, 706 are not net, the |uma CBP
bit of the current 8x8 block is explicitly encoded

W@ 1®71[{B067] An 8x8 block in the base | ayer naRCT/US087/065294

the synbol "1" indicating that the 8x8 block in the
base | ayer has nonzero coeffilients. If the |uma CBP
bit in the SNR enhancenent |ayer is not encoded and
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appl i t hose, enhanpc nt er | uma CBP bits where. .
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must be expl i ci t y enco ecause the 8x8
tvoén 88l ebdbcksmfthej basubybl thek bas the synﬁmtéhT irglicadine ahe lpt’ﬁeence of

BESHOEP SRy e dbddn PRIEHE el SrsunGiock HOghds dbo further
w&ﬁqm&suboﬁgél&g(nbh ﬁldega A%Bﬁldsﬁlatte@ ethg(éﬁtrbﬁ'&' %ﬁcod@r bi¥Rses this

bit whose correspon I'n the base
fmlytfhr8xi8§ol@:k| diednelr doesl nbbemcfﬂymae@dd uhcmm}BQBlBl tisgssemated with

fhis By Br0 Ploi MOGAT (87 1l 28, Bt JaRewer fuohomysy pytivol 17
b&aB&Ce T6ABspoRBR ARGk InUB bERPaDLL Bas@h& CBIIGE of “17 and the

using Alternating Run Length coding: The two scans may
8)788 blonle 8844 ireiutther paytiti@redtiteysubrnodse hemrfemmﬁguratlon the entropy

S GBS ek B SOALLSNERL hotk LS DB code o
%ﬁ”laﬁdﬁﬁb@u&@mpﬁﬁﬂﬁsmm&%r [0059] Figure 8 is a

bl ock diagramillustrating one configuration 800 of
{0960 et Hide ?ﬁ)@opjesmccpwedfumelacscmsdmﬁceewnﬂhlﬁxtﬁjrlem? block in

macrolblocl%t Ogt elql’re of ﬁlelf% gxé %[mks possess tlhe symbol “1” indicating the
presence of nonzero coefficients. The fourth 8x8 block 806A corresponds to an 8x8
block in the base layer that has the symbol “1” indicating the presence of nonzero
coefficients in the base layer. In one configuration, this fourth 8x8 block 806A is
further coded into sub-blocks (not shown). The entropy encoder bypasses this fourth
8x8 block 806A and does not explicitly encode the luma CBP associated with such
block. The entropy encoder continues in a similar manner scanning the remaining 8x8

blocks within the macroblocks, bypassing an 8x8 block 810A that is further coded as



macr obl ocks 804, 806, 808, 810, and 812 in the SNR
enhancenent | ayer are encoded by an entropy encoder.

WO poosnedeonfi guration, the entropy encoder enchPdBEES100T865294

CBP bits for each 8x8 block in the macrobl ocks. As
depicted, three 8x8 blocks inl@he first macrobl ock 804

have the synbol "0" indicating there are no nonzero
anebibtia #dtvehdsa comepon@ng 8k§ bRk in HedabolayEha8x8yhiborkl.” The
804A in the first nmacrobl ock 804 corresponds
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expli.citly encode the | uma CBP associated with such
mbe%lﬂp_f%%e‘)@ﬁﬁ%tdwcaﬁwa SR PARIGETH 1§ bEskiPpSf Completely. Tn

RS wRE YR, When {h%f%iu’a'g&‘ In&8r P(ln{gg%@s Wid QbR ofF REna CBP bits
macr obl ocks,” bypassi ng an 3%X8 bl ock OA that i1s

fusotihted votdibd tiasd olactvblck S0antdic whoster skips dspiondh ngebock 910

bl ock in the base | ayer . a b "1." Th )
il BTG Bt aimisibe Sl e of HE Bl adisroblocki91g. ffhe resulting
PRHAMARRILAS Tumat BB Re<i notii ado1bi t 08P REikNheSEkial OBP bit 902
"1," the i nverse of the value of the first coded | uma

B8R bi‘tl,” hoGddrscFofhe evabici of the hinoe KB® Ay reded in the first run. This

jllustrati one confiquration 900 of utplizi

RS My X RBIFoBYGh WBBE i o omnathEr oy clements
b&ordit Gheiosid Becbli@g bit is defined and bypassing the
encodi ng of a conpl ete macrobl ock 910. The first three

08626 | vacdylonks thaymbrasgiipflagoksy O 4seddidcodanpdofA8 enhancement

[llustrated in Figure 9 are identical to those .
s strich £ e exm@lelin PSRl S8k Grpyerity SNR
SicBaRdBfdat 1dYcF. N€f the slice in the enhancement layer is not intra-predicted. In

non-scalable video coding, an intra-predicted slice is a slice that is predicted based on
samples within the current slice. In scalable video coding, intra-predicted slice in the
enhancement layer may be so defined that the prediction can be constructed from the
samples in the corresponding frame in the base layer. When Variable Length Coding
(VLC) is used as the entropy coding method, the mb skip flag’s are coded as
mb_skip run’s using the same method as that defined in the H.264/AVC standards. In



macr obl ocks and encodes the |luma CBP bit val ue unl ess
the 8x8 block is further coded i nto sub-bl ocks and the

weoanraspondi ng 8x8 bl ock in the base | ayer hasPEr/vusi00t065294

of "1." As previously explained in Figures 7 and 8,
t hese 8x8 bl ocks 904A and 906 are bypassed and their
corresponding luma CBP bits are not encoded. In one

aifidrgigpedt, o, ma skipnphetie cddedhiGidgunBteimbhoek Riuf Length coding as it
macrobl ock 910 nay be bypassed by the entropy encoder.
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skip flag I1s coded using Alternating Run Length
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re 10 i.s a block.diagramillustratin
OO 1B B0 Moo By 15 SHIEDTL E U Bl B 1 to indicate the

BRbER P Y8iuRdn Md RENRNLLEEEdRNRokE CHIN&HOR BhBNGor cxample, the
transition flags. The bl ock diagram of Figure 10 may
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bitstream after the run of chroma CBP of value two 1006 to indicate the next run of
chroma CBP 1008 has the value of 0 and so on. A transition flag of value 0 may be
inserted in the bitstream after the run of chroma CBP of value zero 1008 to indicate the

next run of chroma CBP 1010 has the value of one. In one configuration, the decoder
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fual Hewirngitiey gag. Chﬁ[n) Iil’ﬁtuﬁl s isl Gofedhiave thistrvah lhbf(ﬁe any other

t he fO||OMAng four chroma bl ocks 1008 have the val u

mforgidion pelated dauths Ghgoms (B cared 191 stk derivsithe ralve Otf H};e Chroma

&PUE e fikfu@ne configuration, the entropy encoder
g gesl%%éggnbalues usi ng the Exponential Gol onb code.

[IU%6I I r 9h an uddiibndiaxpegrtbs nibdifLhr@ne0BPdddahs 1"@dlrun of chroma

" The run sequence of seven blocks 1006, wi t h_val ue
§B|Ps,0%ﬁ%la%|édarasnotobﬁferﬂtlate% ore- Bing af rzgR chiogip £BEgand runs of
ﬁ&%rosp%ﬁl)a ¢Bpld é%&&e%d R‘?Ee}"’%ﬁéh fne S&upie %Cﬁﬂelgn th i s “n.” of
runs. I'n one con i guration, e transitio lag ma
aswegneldotiieCBRlisIdeqided, ‘o ddditnhhblite atceddchdedctor mlaﬂtlfy Whether
CBP value In the next encoded chrona P run sequence.

%f‘rrm eph“PIH% CBFayrdiasiiyf oF | agAIbF“ Vawe1s paypdyR the bitstream
b&%ﬁera b Riforfifioh 401aR GNhO Peibt; %ﬁéﬁﬁié‘s’?%lﬁgal% of 0 is

zero t i cate t e next run o roma
us;:lduzfs the 1ﬁ1t1aF@hlluewf ﬁg: fitse chmma/\CBlﬁ' toehe podednss@guiitemating Run
Ioc 006, the e opy encod codes the run of
f 158 NI0BRs QBT S5 e AT 10f Uvs (BsriBied ot
nsqhio rftleRds Rt MBYokg BS hii th:
[ tsfr eam aﬁ er t fcr u%é 0 1?1r ona CB¢P o%q%ﬁpe ngetd following the
Z006R B ¢0‘dﬂhg: sxﬂlerrtelmsadoeﬂ nungat hidbeauCBP z&l@@&)efms a nonzero

the v e d SQ O transitjon flag of val.ue )
ﬁ%wmsgll?% g@wb@ofo 7 piee ﬂ\et@ippagﬁﬂ%éo mp g u/;n agéltlonaq one-bit
ﬂﬁ% ANBJIEBR ﬁ’ifdlc‘é%l dv'ﬁ‘etﬂé:%rtﬁe 20084 Ghrbidicant @alﬁ@% N&X3. THR feature
of“chrona CBP 1010 has the val ue of one. In one

didfefd Homah¢ pryioukle dderbdé coeigwasns ethaevorsbewiva nGBRro chroma

ue fromthe |as hrona CBP and the transition flag

B G A M SRR MRS (| st ehr omaChp

(f()%@g'et i rEaﬂ ﬂlujs)raté% 3 d&sQ&BFﬂOdr Q@nﬁétﬁ‘@c? itd 'Iﬁ’@cegé Q%ital images

Ined 1n different ways. In one
@tuﬁcbn g}ugrtalt v1dm tlhe deveasilon onayf teapgesamyombe rreplememedl in a digital
from.a | ooku| ble which is indexed

4o chehie ﬁa@ﬁbﬁﬁlnatwel@wcaa@mnmﬂ%edevwe a
FESABE digifhl %&1@3{1@ PHRPKYRaptop computer, a desktop computer, a digital

camera, a digital recording device, a network-enabled digital television, a cellular or

satellite radio telephone, or any telecommunication device with video telephony (VT)
capabilities.

[0069] The device 1100 may process, encode, decode, transmit and/or receive
image and/or video data. The video data may be captured by a video camera, such as a

video capture unit (or image sensor) 1112, retrieved from a video archive, or obtained in



tabl e is defined which can be used to derive
newchromaCbp fromthe | astchromaCbp and the transition

wo b@gi112am7 initial value is stored in the bitstPERNS2007/065294
before any other information related to the chroma CBP
is coded to help derive the vil ue of the Chroma CBP in
the first run. [0066] In an additional aspect, the run
afotiedtmeamcCBR vadeovalditgy dniahdl Oridrthetevdbs 0N &BY ued a video coding
value 2 are not differentiated. The runs of zero

RRdsiih seBP 2adPEURS JU-Adhz26d.ol IdmToRettéBpT 0 ebefetideo coding
, X 5 - M n . n f .

Aeh Bl ol o2 D Q2L By ot P ISl oo s

aemotdadediimnatide ahd totioh ebmpensadet) adll idthefrime ceding rehifits, such

values is 1. or 2. . Aninjtial value is stored in the
# tetipleostimpemand iaky-resdieion; sedmeriaghngich el ated to the

AR, TR 5T L e, 4908 B4R 2.
candrg oAlvideonahieny thuaptuengidges odivitigoissqueaoesesral store the captured

O herwise, the value of 1 is used as the initial .
{raag5e Or [SOUETFes I & Memarkel! 14s et tmagehddeq, REOCETSIg Fijfrg 102 may
P £ 0l | t ' -
BRI alR A0 0 L0, I gy MO8 55000 (RHATR e
nidoa e¢cquendes boforCBi aftey stich wodksdingsi ng t he Exponenti al
GolLomb code. An additional aqne-bit flag is coded to
[00diL L at &\ WiaBIasBIET tIAE ABHZ8PEVE ARG RE temsoniy spded Yideq sguences to

gnotlge!}i Rvicgatie ?ﬁaﬁéc{el@% $1id A% L5 RERWSE U&h%uﬂﬁ§ﬁ5ﬂ ard such

confi gurations consecuti ve nonzero chrona
¥akods dadigom atulgplo greckst @TBEVIAGY . EXO0E8] oFi@viA dthndards include

e AL T RNV

W%L ePrEReM mGfe &@m?ﬂ@ bERMSRe 1M0f n%iy%et c"%}mmurgcatively coupled

ision, a digital direct broadcast “system
wiaraedomsaum cationrtive dtl i & nIrdedditie tosorpestsaina the elginteats shown in FIG,

Eomibi rmodss gyt b incBlbda SE¥iG: 1 .+ BiaRisgpure itustrated in
ice, = ena gL al “evi 5d.0n, :

PR, PP 2D LIS S SRl b mplemon

tvéth@ecamtynifodicr archdestines. wi t h vi deo t el ephony (VT)

c bilities. [0069] The device 1100 nmay process,
0730, Thedpermoryy FidAemY ey G S e MGRAJY SRR/ orhe memory

yiﬁe&aQ%tgglgﬁﬁg RiyMhAROraA8E A JFBYss qgerﬁ@rezt( eoﬂrxeglrvrgy oR FYA%EP memory.

camer a,; as“a video capture unit ge sensor)

Thd thenroey 1 i Bvedy fcomprise VINOBS oar DAV’ gate nodybariy nedhnology, or any
i nangt her manner. A video_coding . unit 1110 in e )
aldg g PRy hnalesya ﬂa aer %@&%}4@5, dhe gy é&@ﬂ%f comprise a

MSER Ty T B gy ot ner 1o
Hogdbr t Thetiemgé/iv'aine peadsseg et hhi2qmey compade a chip set for a mobile
radiotelephone or other mobile device, which may include hardware, software,
firmware, and/or one or more microprocessors, digital signal processors (DSPs),
application specific integrated circuits (ASICs), field programmable gate arrays
(FPGAs), or various combinations thereof. The processing unit 1102 may include a
local memory 1104 coupled to a front-end image/video processing unit 1108 and an
image/video coding unit 1119. The coding unit 1119 may comprise an encoder/decoder

(CODEQC) for encoding (or compressing) and decoding (or decompressing) digital video
data.



as notion estimation and notion conpensati on, and
intra- franme coding techni ques, such as spatia
we@sgaorire4ton and i ntra-prediction codi ng techniPUEES2007/065294
[0070] The device 1100 may include an inmage/video
capture device 1112, such as 20 canera or video canera,
to capture imges or video sequences and store the
FRPSUr edrHenBgd SmehoyeHWanaes compasd® iikaierldntifasn rnernory space
I mage/ vi deo processing unit 1102 may process inmm

EiPsr tovihgeBerseyubhidies Forrgampleothy Ipralameaprisd &9 mqyecomprlse
LIRARS /) n%frﬁ%l?%%% at%QéJsﬁ %e?ﬁorgﬁé%%é\ﬁ‘j" g HEL Iﬁ&ﬁ&y 1104 may

r 0CesSI ng. ranscel v receive
edttiprive tonactsp incandgdntegded Witk uen oter tcOm@ﬂﬁﬁdﬂ@bf the processing
devi ce. The transceiver 1116 may use a W rel ess
B caPropds faghacsess Qudda A4ripy dePTarSPArBHFNHYE tcPBIng process.

B iR a2 101 ER IR AR Wimay be

{nvfemEyted éh c. nfr@BA2¢f &her oonfiguiaiodk ermﬁh&nﬁlfy tdmgroller 1106 may
devi ce 1100 may be connunlcatlvely coupled via a
AcEwry Beﬁclwaénwi@e backs fytedpGhmesiosy 114t ead of

t I
BGEL SRS Ay R0, o S RO o o
irhdgesproa¢seitgi fechirliies lori shemihmky ofire eiieoplcquentbeo improve image

t echni ques descri bed herein nay be jnplenmented with a
Gualitet @ndoftheé%% Pmpo¥s; the Gughiys of [aomls? SPREENGRNOF Y gyemaple, the

ﬁ%{t BV &nd é/@ 1qab | ¥1§Jc¥ss Ny gﬁ‘ntngrf@g ymsct @rfo@ete%éé such as

may o nprise dynam—c ran on1acc nenory
demedaASig, memorofloffTb@rdveonr yealind Acatery c@mqnbnseolomvemlon and
gate nol ogy, or any ot her

" NA| mory tech dat a
gta&ygége%&: hri o%gﬂt-epﬁ BRIV IdER ARTEENS (URE h@?rmy plsggperform
e -
G SPROLST 18 LRl MRl o T TRFbRts Ot Aol ok MR referred to
oy Ot@essindy imagd protGRingetychndques ibseavae diui eclsBqudsqreade coding by
ﬂ%blle r adi ot Iephon? or other nobile device, which
JRgyigae cotipaiRil d110sof tware, firmmare, and/or one

re tial
AZEE) © THoarARE eSS e ¢l 2 ) GBI GRS RANGS that include
(AGH Gdtpr afrapd CBADgraapRD| @ gatuefaac redytbe (sléﬁ’&abs) Front end image
vari ous co ions th eof The processing it 1102
RGOS He) RFd aeq B R 1 mtn Ampmlypiibc sty of Wmlgf%aequence
Jc::egﬁd%i né \ydge og?lﬁ?eeﬁﬁ’ﬂt Ng 12Ny, Je;c%{)l%n%eaﬂoﬁtr@ﬁeﬁrﬁbég%ﬁg unit 1108

g anit 1119. The codi ng uni may conprise-an
enmtadbée cddogdert 1({ TODECFomprisendigdalnggrad processpr €3S )mgdgrammed

BRSO € SEPBL SRl 0ol AT A M oy 110
&Tehdrifdry an ) RS 8cd TBIMBYtY ARRAGR] image processing purposes and for other
storage purposes.

[0078] The image/video coding unit 1110 may perform image and/or video coding,
which may include one or more video compression techniques, such as inter-frame
compression and/or intra-frame compression. For example, the coding unit 1110 may
implement motion estimation and motion compensation techniques to exploit temporal
or inter-frame data correlation to provide inter-frame compression. Alternatively or
additionally, the coding unit 1110 may perform spatial estimation and intra-prediction
techniques to exploit spatial or intra-frame data correlation to provide intra-frame

compression. The output of motion compensation (or intra-prediction) is referred to as



relative to the nenory 1114. For exanple, the |oca
menory 1104 may conprise synchronous dynam ¢ random
waecweas4nenory (SDRAM . The | ocal nenory 1104 P&l/US2007/065294
conprise "on-chip" nmenory integrated with the other
conponents of the processing ZInit 1102 to provide fast
access to data during a processor-intensive coding
prcoides s’ andamBvainprish@ bietwfidas idditdivansd diff@éndmBYetdeen a current
conbi ned into one nenory, or. na¥ be inmplenented in a .
Hidad okt topbhepdedoand gurratiction blogknidgptiede by tefiqnegstimation or
ontrol menory fetches and wite-backs to the
%%%gﬂ&%éﬁggg 1104. [0076] The front-end inmage/ vi deo
008EessiAeruntht  kdOBgnmeynhiped fiar npafignsr motieén | b&@pensation  (or
processi ng techni ques on the frames of a_ video

seguERdietiqn to fpatviac rerdrel.quarice 9t adiéonahsierpipay Bppeifermed to
ﬂ?ﬁleg Wghd e Plsidhal LEE %R Uefress FRL t(ﬁlﬁg‘glhgéadhnfon]glo ?tﬁPs may

ront -end |na§e vi deo processing uni y per
tgehoicguths dinly asnddehbsiap aised), but @ns gedraldf feferred to as “residual
corregction, scaling, color correction, color , ,
e T coding ugllsgill%mavmeffemn)@.e ot eore of fpesg ygdeo compression

%?ﬁggﬁééi tg%dlgge%g%ﬁoﬂgt gf H&tla ’]njetgcﬁed%yc &niPRE fao\;i?%or ?FE ence to

techniques. | n genera e techni ques per
mpotidrelcuice vialthOamceiveefidred to as "front-end" i mage
rocessing t echni ques because_ t he technjques precede

dPhg dyformationggd) Ueteo RaydPhgeRtssenters yoing ay79f arariety of
j ' t b 111 ri,se ;i
TRASH LORBIERR M et FoP Rk AL dfffons. command.
afsrangied, apnds,shitsf agabalk, adieclsipn steit snayFbonéfended thagezshout the
processi ng. performed by tgi unit 1108 may inprove the

CRAYFT 4YCTaMihRaY | RfetsPEEERIEROY CUIFEEY UTBYISt ACEptancHe waves,
kot libgas SrarRXATB Rl HES bf ARECIEOR, ef%%e&ﬁﬁh&%nutﬂateof.

8 an he coding unit may conprise a
[iogi} al BicgnabupillnstesaserogiRiPlogis.agodutee dirtwitspamtagerithm steps

i mages, captured by the capture unit 1112 The sane.
droeRoes lwr&%rsgﬂomﬁﬁ (Rt cordrayrafiony ﬁkﬁy‘%ﬁ%ﬁ hefswgmpy pe gplgmented
by QUcri6RE hdFBYSreP EEIRT "GRG ofildafils BF MBfh.  To cloarly

st orage pur poses. e |1 mage/ video codi ng un
fluiRatraship emtachmnporbgléty and/ bardwate aind odofingarewhiaciousrailustrative

i ncl ude ope or noyre videq conpressjon techni ques, . such
SMpaiIcRfs: pioske s e SEF e %n?ﬁ?tsw Hergen APsbes abSV generatly
W@@P’ﬂh@ﬁ-fuf&fon?lﬁ?%thér%cl‘f AeicRBEnHA §s il OndRYd as hardware

I mpl ement notion estimation and notion conpensati on
vegifiwayedspdands epgi dict pargenbaor apiplicationrandrdefiga menstatiits imposed on

Bl e SR RS MBS 8 A ygiomats i
URYinReN4yRr0t SRt JaRlcubs tappRLation, ARduéihReRERNiGT 1QKions should
not be interpreted as causing a departure from the scope of the present systems and
methods.

[0082] The various illustrative logical blocks, modules, and circuits described in
connection with the configurations disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array signal (FPGA) or
other programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thercof designed to perform the functions described

herein. A general purpose processor may be a microprocessor, but in the alternative, the



techniques to exploit spatial or intra-franme data
correlation to provide intra-franme conpression. The

wW@eiopai240f noti on conpensation (or intra-predi BCT/O8007/665294

referred to as"residual,” and may conprise a bl ock of
data indicative of difference®¥ between a current video
bl ock to be coded and a prediction block identified by
proceRor @sdyi batingncavestaial Procsiormasntasiler,| Bf8fonkboller, or state
the coding unit 1110 performs noti on conpensation (or
maehipe. prédpr@@ﬁ:SéW) may ¢lpe dceinplemerisd digat combisfipa ofogomputing
I t PSrPer t de, t
B LT ary FRMRRon SrFDSPRA (8 SISt o Mfatiy of
ﬁﬁ@pproﬁ@syoxd epenek @oret e r@@dta’gors ﬁraa@igm@bubﬁlvwgl wsIHP core, or any
but are gepnerally referred to as "residual coding."
%@ ﬁﬂ@ﬁ@ﬁW¥HH110 may perform one or nore of these
L’P %4 QR d ‘%ﬁé?ﬁ‘é %?Sal%@r J[lﬁld ld@s%n%@c? iRt w1th the
ata nee t connunlca eo sequence to anot
Ctﬁlﬂg@.@.tﬂ)h@. dissstd aasoemde rbelérﬂ.lﬁodlefc[)@ﬁédtlyl inf e deedre Oin a software
and signals na be represented using any of a variety
podulerexarued b Yédﬁﬂ%ﬁsé‘?jr 85 Hhmoméeﬁﬁpla Qéshe sy éxs&#waée module

gﬁ%aresﬂdg n%of‘a‘ﬁtdblgﬂ cce | s t By be > e?ﬂgbrmo'%ggpéﬂdgbnly memory

(RO®Lg Iemsable nﬁogianmbdahe seadi-otly anemary  (EPR@PD e skotrizdllpyerasable
volta es, currents, el ectromn etIC waves ne iC
PliOéraaeﬂ@?r paadrandy eemoab@%%lﬁoﬁ)ere&st% fﬁéﬁ fhn@i pEemgyable disk, a

@(Fr%f%&? CNARL %Hla; {glgfn%g)? Eg@é?:r/lo)a-gfj %n\}a(fth&uﬁ)rm of storpge medium

strative I o circuits,
khayar it thenastt efpys cel@aplarybedrage nmdhmeq:st ¢0:umledn tbhthd bﬁ)cessor such that
e B S ion eh g gl ST S6reE mectum.

PRI MBI QRS tH{ Stg&rgg met arrfglv\lng%reﬂe)a/lmtfg“{ 96 B ol B, The processor

I nterchangeabi ity nd “sof t ware, vari ous

and st statalgvem@cbmqnomeyltrssiddalimaksASIlﬁJdlIIhesASKE rrmayl teside in a user
and.sL s hav been descri bed aboye generally in terns
FmimG; rIng it ﬁesmvetﬁi TRETTR; 184, b RS B jaygreside as

hﬁH‘eﬁe‘B% g%ﬁex%nf‘@ﬁ&%@e’r&n&ﬁ sof tware depends upon the
particul ar application and design constraints inposed

[1]@814]1 e Ohter mkihody diselvsedSkereine doraptisesaums ormayore rsfEpe roe ra‘ctlons for

bt os e G5, e b A R et Gy B inerchanged

%ﬁ'o%e ARSthshRHh&t @Qéargﬁ% iR R Afe FRYS tRYst8ms and methods.
departure fromthe scope of the resent systefrs and

hrebHedsvorld@08dpssTh espvca'ﬁ'r: omrderi bf wipps atri aation®gs geduired for proper
bl ocks, dul e and its PeSCFI ed | conne&%lon.

OPTHIYTHS (B AP IO S Vi APGOEH 8 WR ajFpp@ndlor actions may
bRl BITRALAthodl dBRGQ R i &po OB GHALy AYKBAS End methods

processor, a digital” signal processor
ap@i8S¢at i Wﬂmle specific configurations and applications of the present systems and
methods have been illustrated and described, it is to be understood that the systems and
methods are not limited to the precise configuration and components disclosed herein.
Various modifications, changes, and variations which will be apparent to those skilled
in the art may be made in the arrangement, operation, and details of the methods and

systems disclosed herein without departing from the spirit and scope of the systems and

methods.



specific integrated circuit (ASIC), a field

progranmabl e gate array signal (FPGA) or other
wee@gnsawnbl e | ogi ¢ device, discrete gate or tPERERRDT065294

| ogi c, discrete hardware conponents, or any

conbi nati on thereof designed 32 performthe functions

descri bed herein. A general purpose processor nay be a

m croprocessor, but in the@ABMpative, theprocessor

may be any conventional processor, controller,

m crocontroller, or state machi ne. A processor may

@l so hanttipd BrRbbRd iSrattdRbdbadtbPRitR video EBHpkddGion

devices, e.g., a conbination of a DSP and a

pRpREcessor, a plurality of mcroprocessors, one or

nor e 1m’cc.rvo rocessor s icré, conjunction with a DSP core,

or anﬁzgkhé% Suth ggﬁ?lguratlon. [0083] The steps of a

et hogroeesslggné VidoaselRiesdd iRachli@liguTTReidson Wi th the

configurations disclosed herein may be enbodi ed

di r ecplogessingtraehifiame of the rdursbeyt afdraanayoe a phirelis of magrapjocks;

a progcessor.. or jn i nat..on.of t t

sof L Lo s o LTI NA iB ahlf en B g of e

(RAM, fl aplacieBliRkyin al@a@nOfidnic, TR idMequeicasabl e

pr ogr ammabl e read-onIY menory electrically

(EPROM) .~ ¢ :
er asafsirains bpsidnpeal besehialive hemsrdictamrpamriginal video

e onty ARG ol BT et o

st or agsplyiagiaunmkfoawto the rtdiéualikignalAn exenpl ary st orage
mediumis coupled to the processor such that the

pr oc eSEBHIZRgR Hwalty qfft@mﬁfgrm@ﬁeﬁmmfs; and write

i nfor i: QF ' g
al t or Rp e £pof o AORAIEA TS e i defings 4 hapygprisi
processor . offihe r@iduaesigedl; @anrid t he storage nmedi um may
reside in an ASIC, The ASIC may reside in a user

t er mi fRAINg pnkaleolthe at lsattope syrtpeclpmerted egpms sategery together.
storage nedium may reside as discrete conponents in a

user termnal. [0084] The nethods discl osed herein

donpr TBemgthedof clibnd, wheisin endingcthp oyrgbels pf et bastrage syntax
Epﬁlnggﬁkﬁgg Qﬁ&hggki %? ﬁetﬁg%rsteps and/ or actions
rrﬁye e Ranged WtH o

a . .
erc one ‘anot her wi t hout departing
fromthe scope of the present systens and nethods. In

t her rds, ,unl ess .a ecific order of .ste or :
ot onbe MEMedglie R 2 SRCHILRdeBE Fotad O PR comprises
EQfhd AME BF £&Bs atd@n9bHfdnz8RWPlesuse of specific steps
and/ or actions may be nodified w thout departing from

the scope of the present systens and net hods. [0085]

Yhi | eTePREiHL O r e Rfth IRt E’(ﬁﬁprssgﬁj%mg £AhkIN219E s{hBol to

present systens and net hods ha een 1l lustrated and
odgatd the dhitidltvalus df thebedad derssif aes tditurts loé ney=stenduand
net hods are not limted to the precise configuration
and conponents discl osed herein.

5. The method of claim 2, wherein coding the coded block pattern comprises

coding only runs of zeros.

6. The method of claim 1, further comprising inserting a transition symbol to
indicate how the value of a symbol in a current run of symbols changes to the value of a

symbol in a next run of symbols of the at least one syntax element.



Vari ous nodifications, changes, and variati ons which

w Il be apparent to those skilled in the art may be
wore@e/11241T he arrangenent, operation, and det ai PGI/US20011¢65294

met hods and systens disclosed herein w thout departing

fromthe spirit and scope of 3he systens and

nmet hods. CLAIMS 1. A nethod for coding information

ASSOCTTh¢ a@thod tof chaird @ Qwh e &slsigoihe apiepstiodt Bgitax clement

receiving a video sequence; processing the video

SQUBRIEE £04IRg 3 mEcrbledkeslinotyiohmes; processi ng each

frame of the plurality of frames in a plurality of

macr obl ocks; constructing a prediction of an origina
¥i deoTh¢ metiod ofslagrh 1i whercppeading the ahlgast obf exikax ¢lamgnt

current franme, fr e video,sequence; formng a
PO PR R P Relre R T pr e ot on of the
original video signal fromthe original video signha

in th t f ; l yi t f to t

Pesi dnt eitgHar < aRaneRERIY R huor AR SBr i Par Srmemh
EABHHdeS LENhS o deReRldntivAtRG AraYdBdynol.at | east one
syntax el enent that defines a characteristic of the

residual signal; and coding synbols of the at | east
ofe SYRL A%l IeRim A AR AR GAISIR DhilLYRL R um %lnhlgﬁgth of

met hod of claim 1, wherein coding the symbols of t

e symbels ob e & Yautstboneadyetas rtencamnfir besasled.odi ng a coded

bl ock pattern. 3. The nethod of claim2, wherein

codi ng the coded bl ock pattern conprises coding runs

of. zeThsmathddrofiokirafl, fivthzecanprainesanding THeesymbbhsad thé at least

claim3, further conprising coding an initial value

QB M BB GBaHI% | al val ue of the coded runs

of zeros and runs of nonzero values. 5. The nethod of

claim?2, wherein coding the coded bl ock pattern )

Ednpr TBescthedion glagn|ly fuyrihss casprassrmdefingng apkdp fleg ks @népypassing
| ai Lebur [4SRG .J hserti.n tr i t.on

B Tofitiog bty SATRU U AL PRER N By b2

current run of synbols changes to the value of a

T e ae el et bt e i s SRR R i an

eihBandhiaydt. | east one syntax el ement conprises
codi ng a macrobl ock skip synbol

14. The method of claim 1, further comprising coding the symbols of the at least one
syntax element within an enhancement layer based upon corresponding symbols of the

syntax element within a base layer.

15.  An apparatus that is configured to code information associated with video
compression, the apparatus comprising:
a processor;
memory in electronic communication with the processor;
instructions stored in the memory, the instructions being executable to:
receive a video sequence;
process the video sequence in a plurality of frames;
process each frame of the plurality of frames in a plurality of

macroblocks;



8. The nmethod of claim11l, wherein coding the at |east
one syntax el enent conprises coding a macrobl ock type

W@ 09012410, The nethod of claim 1, wherein codpPeiyUs1ee7/065294
at | east one syntax el enent conprises coding a delta
quanti zati on paraneter synbol25 10. The net hod of claim
1, further conprising defining a maxi mumrun | ength of
t he synbol somfruéthepradicti@nst anQﬁ%uS@l RidRY seinalyeticht ie alpart of a
coded. 11. The nethod of claim1, further conprising
scanni ng the syRBeIoBlosk, infeugient fsxge. fime thepadapsequence;
el ement i ngjul t T cl.al: .
T, “Furt her er s Phy i ring HE pRRQRE POl video
bypassi ng the ceaghaldrodi tha opiial eldeasigaeltindlic durenaframe;
| east one syntax el enent synbols. 13. The net hod of

claim12, FMﬂYﬁéﬁnﬂeﬁﬁﬁ?%$ﬁ€“@@%Wﬁpﬂg the skip flag
bit in an gnhance &n&%¥ﬁ&mf <ﬂﬁ10 thod of claim

1, further conprl odin s’ of the at

| east one B&ﬁﬁQM1ghﬁﬁmnmeb$moma@muﬁnmanﬁﬁmﬁmﬂeﬁmyer
based upon correspondi ng synbols of . the s ntax el enment
within a base | gifscterisgic opfhedpHdval siggak A

configured.Jf q ﬁ%@ls’ JHuRy m@dsp&leaﬁ/ﬁg&' e‘l’én%ht Yﬂ? 5 Band %ngry

conpr essi on, e apparatus conprrsing: a processor,
menory in electmgmmerconnunlcatlon with the processor;
instructions stored in the nenory, the instructions
bei ng executable to: receive a video sequence; process

1hie VITHespmequestdaiinl 53 whictbithctay Ikt dncagmiax cRhRae&sNprises a

each frame of the plurality of frames in a plurality

efdeddiockinagens; construct a prediction of an origina

vi deo signal, which is a part of a macroblock, in a

current frane fromthe video sequence; forn1a

tési dih¢ almagq’mﬂ oﬁfglalgulfn médetdimthetondedbleeh patteshcampties runs of
fromthe original video signal

Zﬁogﬁ%ﬁgﬂ§9éﬁymgbql1wsapply a transformto the

resi dual S|gnal quantlze a plurality of transform
i ef f %fclo?lﬁ)t er- d%ﬁ“f H{g %{iigmscgnn;?ngllsingfexeactutab?eaﬁltstructl%nss ¥or coémg
‘ene
information associated with video compression, the instructions comprising;:
receiving a video sequence;
processing the video sequence in a plurality of frames;
processing each frame of the plurality of frames in a plurality of macroblocks;
constructing a prediction of an original video signal, which is a part of a
macroblock, in a current frame, from the video sequence;
forming a residual signal by subtracting the prediction of the original video
signal from the original video signal in the current frame;
applying a transform to the residual signal;
quantizing a plurality of transform coefficients;
identifying a symbol of at least one syntax element that defines a characteristic
of the residual signal; and

coding symbols of the at least one syntax element of a same category together.



characteristic of the residual signal; and code
synbol s of the at |east one syntax elenent of a sane
W@ 2002gt4y7 t oget her. 16. The apparatus of cl ai PPABUS2007/065294
wherein the at | east one syntax el enent conprises a
coded bl ock pattern. 17. The Xpparatus of claim 16,
wherein the coded bl ock pattern conprises runs of
1®r os TAs Corhpusr-ehddbdhmedianmved] dism. 18] 8heldin the at least one syntax
conmput er - r eadabl e nmedi um conpri si ng execut abl e
plagenicominsiees ¢ epded pckgattor mat i on associ ated with
vi deo conpression, the instructions conpri sing:
receiving a video sequence; processing the video
3@quehbecompuyepicadails mpdigm ¢irciatast9, phereits ticrgdedllack pattern
fngg of thzgjuaq?i%¥o?Bo&&gnqﬁ én a plurality of
HECPOSP GRS “E8n &ty Ue I'ng d ﬁ%% ®tion of an origi na
video signal, which is a part of a macroblock, in a
rrent frame, fromthe video sequence:; fqQrmng a .
Fhet ananebig FindergiTis, oniafioR s PRl LaRoigr Can
hedidi@dl: video signal fromthe original video signa
in the current frane; applying a transformto the
r esi disabivaiggmaincodpdanddoziengergepl ural ity of transform
coefficients; .identifyi a synbol of at |east one
oynt alr Bl ERE or RIS (3RS alead et °The
resi dy@juasifign@h pludiltly 0 dhidosy RAliSe@s; t he at | east
one syntax el enent o¥ a same category together.19. The
conpugrMying ad abicescrirabionndd a c¢sadual dignalingl ei n t he at
| east _one syntax el.e t conprises a coded bl ock
pat t eP%S?rﬁﬁ¥ngﬁ%ecgg?£ﬁ?%? i ng%?gbl e medi um of claim 19,
wherein the coded bl ock pattern conprises runs of
ros,and runs of. ngnzero yalues. 2 1. A nmethod for :
B8 coat R sehPBE et ich AR Suel Bved T oty i eBhi g ashvith
GRBP EbRpRKion, FEEE IV RH ANvERCRHRRIsMde0 sequence;
decoding a plurality of synbols of "a sane category
t oget merocesbegguant i zing a plurality of transform

coeTTl.ch oDt =i\ aRRLYL NG, 21 L YErSE, Beanslor to @
instructions stored in the memory, the instructions being executable to:
receive an encoded video sequence;
decode a plurality of symbols of a same category together;
dequantize a plurality of transform coefficients;
apply an inverse transform to a residual signal; and

construct a decoded video sequence.

23.  An apparatus that is configured to code information associated with video
compression, the apparatus comprising:

means for processing;

means for receiving a video sequence;

means for processing the video sequence in a plurality of frames;

means for processing each frame of the plurality of frames in a plurality of

macroblocks;



constructing a decoded vi deo sequence. 22. An
el ectronic device that is configured to decode

w0 pdoonmati on associ ated with vi deo conpressi onpCT/Ig2007/065294
el ectroni c device conprising: a processor; nmenory in
el ect roni ¢ communi cation witHh%he processor;
instructions stored in the nmenory, the instructions
bei ngmex@clat adis@uétrig 4 peeicien aNarearigie didbod@tal, which is a part of
sequence; decode a pluralltg of synbols of a sane
category t dguemdlockdeqaicn féarae QR 819 HigerfeqpengRsf or m
coef f | . S| .
Pt I R e T A
appar at us Viasd sighaldesth tglorRindl @ideodnbhihahdredriedn frame;
associated wth video conpression, the apparatus
conpr Mgppgior ﬁ@%ﬁ@gﬁéwnﬁbﬁﬁé%ﬁﬁﬁ@“wﬁééﬁ§ﬂior recei ving
a vi dga, sedy gﬁlaqll%zmg%q{'ﬁra Bf ?f%%&%?rﬁ'cﬁgfftcﬁ g/1 deo
sequence 1 n plurality o ranes; neans
pr oc esghmfoe alchtifyim@esyofibdl bE aglkbast ahé syyntad elémarfelsatideﬁﬂes a
plurality of macrobl ocks; means. for constructing a
predi ct i onCl%?FacéWSGP|0§F1}?5F51W?’dékgn§]| gl , which is a
part Gl ARCIARL Qfifboll Bt die GHIEEEBhe Lilﬁg?%} BERT e carcgory
vi deo sequence; ans orn1ng a Tesi dua
subtractlng@tﬂmrpredlctlon of the original V|deo
signal fromthe original video signal in the current
frame; nmeans for applying a transformto the residua
signal ; nmeans for quantizing a plurality of transform
coefficients; neans for identifying a synbol of at
| east one syntax el enent that defines a characteristic
of the residual signal; and nmeans for coding synbols
of the at |east one syntax el enent of a same category
t oget her.




