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[0004] Today, some video compression methods apply a certain type of discrete

transform such as Discrete Cosine Transform (DCT) for reducing remaining spatial
redundancy in a prediction residual, which is generated using either temporal or spatial
prediction techniques. Some video compression techniques also involve quantization.
Quantization can either be scalar quantization or vector quantization.  After
quantization, quantized coefficients may be entropy coded and placed into a compressed
video bit stream. The compressed bit stream is then sent to a decoder, which will
decompress the bit stream and recover a close approximation of the original video data.

[0005] Video compression techniques may benefit consumers of various forms of
media. For example, in broadcast engineering, digital television may be made practical
by video compression. Television (TV) stations can broadcast High-Definition

television (HDTV) and multiple virtual channels on the same physical channel. Digital



the MPEG 2 standard video conpression format. However,

H 264/ MPEG- 4 and VC-1 are beginning to energe as new
wWe@ndss3ds in video conpression. [0006] UnfortRCEUS1097/064914

known systens and nethods for coding information in

vi deo conpression may suffer £rom various drawbacks.

Accordingly, benefits may be realized by inproved

systens and net hods for coding information in video
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illustrating one configuration of a nethod to decode

eompmssoeted vi deo sequence; [0011] Figure 5 illustrates
one configuration of a picture frane divided into a

plurality of macrobl ocks; [0012] Figure 6 illustrates
BRIEFINESORIPTION OF THRDPRAWING S gni ficant and
refrnenment coeffrcrents, [0013] Figure 7 illustrates

HWE7L onfRigwe dtis eblask daagramlibusfativg dec venfusiraiod of adealable video

| e 0014] Figure 8 illustrates pseudo code for
%ﬁ%ﬁpﬁﬁr M decodi ng for codebook O (the unary code);
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and decodi ng for codebook 1; Figure 1
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godgbook 2; [0017] Figure 11 illustrates one
guratlon of a variable length coding (VLC) table
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[0010] Figure 4 is a flow chart illustrating one configuration of a method to decode
an encoded video sequence;

[0011] Figure 5 illustrates one configuration of a picture frame divided into a
plurality of macroblocks;

[0012] Figure 6 illustrates one configuration of classifying significant and
refinement coefficients;

[0013] Figure 7 illustrates one configuration of a table of code words and code
lengths;

[0014] Figure 8 illustrates pseudo code for encoding and decoding for codebook 0
(the unary code);

[0015] Figure 9 illustrates pseudo code for encoding and decoding for codebook 1;
[0016] Figure 10 illustrates pseudo code for encoding and decoding for codebook 2;
[0017] Figure 11 illustrates one configuration of a variable length coding (VLC)
table used to code the codebook selection table entries;

[0018] Figure 12 is one configuration of a rectangle-shaped codebook selection

table;



tabl e; [0019] Figure 13 is one configuration of a
triangl e-shaped codebook sel ection table; [0020]

woe@ane3ixn il | ustrates pseudo code for codi ng BCPUSRET064914

codebook sel ection table; and [0021] Figure 15 is a

bl ock diagramillustrating thd major hardware

conponents typically utilized to process digital

i mges and/or digital video. DETAI LED DESCRI PTI ON
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plurality of transformcoefficients is quantized. A
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one of a significance run and end-of-block are coded using the selected codebook.

[0024] A method for decoding significance coefficients in an encoded video
sequence is described. An encoded video bitstream is received. Codebook table
information is retrieved from the bitstream. Significance symbols are decoded using the
retrieved codebook table information. Significance coefficients are decoded using the
significance symbols. A plurality of transform coefficients is dequantized. An inverse
transform is applied to a residual signal. A video sequence is constructed.

[0025] An end-of-block may be coded using the selected codebook. The codebook

table information may be coded within a video slice. The codebook table information



[ 0025] An end-of -bl ock may be coded using the sel ected

codebook. The codebook table informati on may be coded
wawaoniime3as vi deo slice. The codebook table PCT/US2007/064914

i nformati onmay i nclude a codebook sel ection table. The

codebook sel ection table may fnclude each entry

correspondi ng to each pair of coding cycle nunbers and

a LEBL (last encoded coefficient in the base | ayer)
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is triangular. [0027] The codebook sel ection table may
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ver si on of anot her codebook. [0028] A codebook
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codebook table information may include a codebook selection table mapping cycle
number and a LEBL (last encoded coefficient in the base layer) position. The codebook
table information may include a codebook selection table mapping cycle number.

[0031] The codebook table information may include a table shape and a table
dimension. In one configuration, the table shape may be rectangular. In an additional

configuration, the table shape is triangular.



di mension. In one configuration, the table shape nmay
be rectangular. In an additional configuration, the

W are1siape is triangul ar.[0032] The codebookPCT/US2007/064914

sel ection table may be dynamically determ ned froma
statistics estimation. The codebook selection table

may be dynam cally determ ned from a nei ghbori ng
correlation. [0033] An electronic device that is
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epneral ly described and illustrated in the Figures
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| nter.changeabi.l;i t f hard e .and sof t war vari ous :
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My tnk el ang Rty 10F dbidWre Bkt scftidic, viBlbesresth@drc@R will be described
generally in terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design constraints
imposed on the overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application, but such implementation
decisions should not be interpreted as causing a departure from the scope of the present
systems and methods.

[0036] Where the described functionality is implemented as computer software,

such software may include any type of computer instruction or computer/machine



deci si ons should not be interpreted as causing a
departure fromthe scope of the present systens and
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i npl enented as conputer software, such software may

i ncl ude any type of conputer Pnstruction or

conput er/ machi neexecut abl e code |located within a
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owentablepdt Grated svitnn aetenmrk deBod anvdortranyaittddmslcéavbntis signals
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ARh] guUrR | QB&d " heRIME OtheMEBmSONfal JUp@id PRfon." " I88 W iguration,”
configurations," "certain configurations,"” "one
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ooking up (e.qg., Iooklng up 1n a table, a database or
&
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93Pl essihenphygset drsccapa” Kaownot miarr'basgdronly @ao unless expressly

co SSj on.steps,. such ,a redi ctd on, transfor apd
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ARGL pQNIC Vided compressiot steps, such as prediction, trans

next step is to perform entropy coding on syntax elements and quantized coefficients to
form a bitstream. In a video decoder, an inverse process is performed. Syntax elements
and the quantized coefficients are decoded from the bitstream. Then the inverse
quantization and inverse transform steps are performed. Finally, the reconstructed
residual is added to the prediction to reconstruct the video signal.

[0041] 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/Advanced Video Coding (AVC). The common software, called

Joint Scalable Video Model (JSVM), is being used by the participants. JSVM may



quanti zation and inverse transform steps are
perfornmed. Finally, the reconstructed residual is

w@eoded123#3 t he prediction to reconstruct the viBEDUS2007/064914

signal. [0041] Currently, a Joint Video Team (JVT),

whi ch consists of video coding experts from|SQ | EC

MPEG and | TU-T VCEG is working on a Scal abl e Video

Codi ng (SVC) extension to H. 264/ Advanced Vi deo Codi ng
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Vi . Mode]. (JSVM., is bein ed by the partici ts.
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odee grality degveplalspiepd ovbrerossethe dRER Vided Simehas oppesad to being

desi d,ir t hat. i [ id Lit :
s a MR o iR ButeToled TRy s R BBy bk witt ve
ORPABLShjE@iohS10E BOREEMKREED W thin only a certain

spatial area of the frane, since the latter case w |
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QP, then the current enhancenent |ayer video may be
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Refi nenent coefficients refer to those coefficients
significaits i fhecbagy ondroraews layere, Their values will be refined in the current

enhancement layer.

[0044] Because refinement coefficients have different statistics from other
coefficients, they are coded separately in the FGS layer. Similar to H.264/AVC, there
may be two entropy coding modes in SVC: Context-based Adaptive Binary Arithmetic
Coding (CABAC) mode and Context-based Adaptive Variable Length Coding
(CAVLC) mode. Details for an improved significant coefficient coding system in the

CAVLC mode are provided that may deliver higher coding performance.



significant) in the base or previous |layer. Their
values will be refined in the current enhancenent
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different statistics fromother coefficients, they are
coded separately in the FGS | 8yer. Similar to
H. 264/ AVC, there nmay be two entropy codi ng nodes in
SVC. Cont ext-based Adaptive Binary Arithnetic Coding
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performance. [ 0045] Figure 1 1s a block diagram

tWd lagtrsatd bage dmyer d 00 fandjan ahhanverbont loferal Odc ahablustratediddGS may
odi n it eam structure nly referred to as
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600k BAscAhydrN®6V D8 L audneditRndl dnhRh&ldny 1ahaScddBe after the base
| onest quality of the video sequence. The enhancenent

lagge t 06l Gesuldth ahénokeased nhdiiy @ighg vidgg erguen0@ Hmwddition, an FGS

s Sndien Bt Ve Y i aflor e oy g Geraining
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qual ity of the video sequence. In addition, an F

beduningtha biarsteomnsl thingicfdecadnd pidvemquadieytinaeal dmd. nghisprovides

ft. encodi n the bi.ts pertaining to.the, enhancenment
Ayl SBESCH e Msrhibin AR Rt Mo S SHSRIAPSEESE 104 and
thewa adndandcnRet GiyBd 10260 etadi it @ndatthuse dAdasleeRdadission bit
picture quality) in real tine. This provides flexible

wdhtrol over the transmitted bit rate and all ows the

cenent liayer 104 d.the N-I hancene ayers
A7 o T lrg 20K o ook A o AR i oeCtef o5, 202 and
Ri dnhbAdeaent BAB] 207 BIAE seht iffond aR @h¥RIcK 208 Q6tosdlh R@F@ITk 210 to a
200 illustrating the base |l ayer 202 and N enhancenent

fleppders 2 P4 Thei drgodamni 1 maph degodmendiase ogbaserloxe 202 and all or
ne%vvork 210 to_a decoder 212, Th%OQecc%gerd 21(? ) truct
RIS OF P4 ¥ eMPHe SHELETEY Y S0 2 % nd TAY 19699 ot £i ggtructs an
eptiraileapProximaore DNABE eleestigiha kel LdfencEMdodemasiercodtiduration,
constructs an optimal approximation 214 of the

thei gptived! appowdmgbeudnt ds 2layed eme deplty gipasidinas gheomputer
%h{t%he&%ﬁ%é&me@ﬁ%ﬁ@i@fi&ﬁasisgta%{ %gx %gojgaor‘?} egci.spsl Aeo sequence
206 is encoded as a base layer 202 and one or more enhancement layers 204. The lower
quality base layer 202 represents the minimum quality standard, and each of the
enhancement layers 204 are improvements upon the base layer 202 picture quality.

[0048] In one configuration, the video sequence 206 is encoded using the FGS
video coding format as explained in Figure 1. The FGS coding format is particularly
useful for video streaming and broadcasting applications where the available
transmission bandwidth may not be known in advance. During or after encoding, the
enhancement layers 204 may be truncated arbitrarily to match the available transmission

bit rate. As the available bit rate changes, the enhancement layers 204 can be truncated



noni tor, television, personal digital assistant (PDA),

projector, etc. A video sequence 206 is encoded as a
wha®e/113yer 202 and one or nore enhancenent | apEr/ESD07064914

The [ ower quality base |layer 202 represents the

m ni num qual ity standard, and%each of the enhancenent
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picture quality. [0048] In one configuration, the
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referred to as a video CODEC whi ch encodes a source '
nerglforioe Wdaddrneesquid werstiugting 30 o nindession @f therawrmgnidoriginal video

d d his.t. d d [ foth )
N T N

g0 PACBHEIMpe@SRIng B i8R AnAcybAREerSBE BRRES. AlrBsi@g signal is then

confl%uratlon, t he video sequence is an unconpressed

{irened 398 divaubtraiimgdhe perdictivadrame fromctbengetagkcurtrat/oiigiaal frame.
guence. by, expl oiti.ng.si-miarities between -

R SRR RBG fheo!r HiRad ik bt ork Figiritg piglay of the prodiction

srRidhcbireducefpdtherdund it/ ori gi nal video signal. The
rediction is forned from one or nore previous or

0964k e frherraethethd0q eontinpesdespplying dhp e fraasiprrg t e residual signal
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nmakes use of simlarities between neighboring sanples

bhe tcpeffisicats afej gpntized 312 to remove insignificant values, leaving a small
number of significant coefficients that provide a more compact representation of the
residual samples. In one configuration, the prediction residual being encoded using the
method 300 may be in an enhancement layer. If the previous layer of the video frame or
the base layer of the video frame were quantized 312 using the quantization parameter
QP, then the current enhancement layer is quantized 312 using a quantization parameter

typically around QP-6, where QP is the quantization parameter used in the base layer.

This effectively reduces the quantization step size in half. As a result of a reduced



residual to reduce spatial redundancy. [0051] The
nmet hod 300 continues by applying 310 a transformto

we b@7nesikdiual signal to reduce remai ni ng spat i BCT/US2007/064914
redundancy. The transform converts the prediction
residual signals into anotherlMomain in which they are
represented by transform coefficients. The
coefficients are quantized 312 to renove insignificant
gadntiesd stbe sive,rag ivcrsasadl kuanditp ef trafsfeangencffigents will become nonzero
co ffICI g¥$%;hat provi de a nore conpact

n of the residual sanples. In one
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becone nonzero in the current frame. [0052] |In one

aopdrt gflthatviden, shtseh elmawtier sorfigmatione dodabebk fablemfamiation may be
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ﬁﬁ?ﬁﬁdlﬁd%&@deb&&@@&ctlﬁﬁ ty¥H1é lanclpﬁlecﬂllﬁg YSHREndIGH 8ddshae. Then the
VLC (variable I ength cod |n% codebook is chosen to
ius

gguiéicancelramend BAB 25¢ cedad Yhivbingahe eeleated eadeb®iB

Ioc T us, bef the S|g i fi cance r.un_a
IRIL o RGNS Sise Mg ol R IR o TRt aTRS JiiiaRli0a 400 0
8&HE gl reat;cbdéa,waéa)ese@lga@aoomel @ec@@llng%ﬁgocﬁlélo Hial @ e inverse of
codebook selection table, as wl e di scussed bel ow.

the medmgrm@tg@d 209 of, Figoigeb o giict @@bélngﬁﬁ@hnéﬂﬂarbe@w 402 by a

e PgSrair g o B eheslie vl iR i shecigf Bled Seauence may

glk® rtﬁdre%rre‘dht% anaRdsistRE. t B deRRedeasdck ™08l thal codebook table
states. The codebook table informati on may include a

k. skl oot iconfigurtien, aihd qodebackbtadles ifpimgationomanidclude a

en.th nlflcan e.r nd e
FRRGok AORie ekl W dacBBE St 0 eAf i T b aRL B o7 e
ggﬁ%aﬁtlswfozbrsalfsinggh@mec@&nfddgwo&tl on of a method 400
to decode an encoded vi deo sequence. The decodi ng

[ﬂé‘ﬁﬁbd ATG@ m@owoé)h@mhm@r%@ the dmd@né@@ﬂm4%ﬁh¢o@lgmﬁcwce
%oeg Sltlltér 91{&9 tfi)’e r%cerelﬂde etcR%e X r§1(‘g611 conce glgl NSy O&eco&er then

el vi quen
YRR Ct@d@dluynﬂiem1$eﬁ1@ed&6ddmmgﬁﬂfﬁ@nd@ecdeeﬁ@éﬂt§d THe @sthod 400

the bitstream The decoder decodes 406 the codebook

proseasls by applying 412 an inverse transform to the dequantized coefficients. In one
configuration, the inverse transform may include the inverse discrete cosine transform.
After the decoder applies 412 the inverse transform to the coefficients, the decoder
constructs 414 an approximation of the original video sequence as it existed before the
encoding method 300 of Figure 3.

[0056] Figure 5 illustrates one configuration of a video frame 500 divided into a

plurality of macroblocks. Macroblocks are basic data units in the decoding process. As

illustrated, the video frame 500 may be partitioned into a plurality of fixed-sized



information. In one configuration, the codebook table
i nformati on may include a codebook sel ection table

wo bar/1is4part of the slice. The decoder decodeBCHOS200T1@64914
significant synbols using the sel ected codebook.
[ 0055] The method 400 continukls and the decoder
decodes 408 the significance coefficients using the
recently decoded significance synbols. The decoder

therblwche thetisachandedpsantangde dfl hetvideodened8¢0. In one configuration,
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[0056] Figure 5 illustrates one configuration of
0 ebice Bahed, 500 fdhCVIQZlé.6I m oliee Fﬂ mrsaluenge of rnacroblocks which are
it a um
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éathtolmfe Rar dnhbh@ARMt 1289 afd Bhderlaydrt y of slices, sli Ce
A 502, slice B 504, and slice C506. Aslice is a

a@qmnc@l@ﬂe Frdr gt scRsewmpEnofiesy 5t gy adefficients. A base layer

i gertain codi ord X :
RSEH LSt X0h Ml i PR Uy S aiciont Riack QR pyovided.
T\héQﬂ’anknﬁpac@@ itneodest ayer $6Mtantiotht heéhdesaaar 15 R W08 represent
slice B 504 and slice C 506. As an additional feature,

eardfigierts of Geroe nElrse wgeffisientsaare gefsrred ite as newsignEEant egedficients.

ige re qm%g QSAJ&?,I gbg, Qldéaeatg(ggé)éjoegachéptjgfen cloE{f%r%t that may

exa enco sen

Hzﬁfécuj@dnzbl%f@l& tllﬁ%n@tobﬁﬁg&hh@rﬁ‘&he ®isildyRF bysffislehCBloék 602 is in a
506 may be encoded and sent to the decoder before the

BeNys tabartensat layes cysingadhobiCoe iden eofingyfprnat.  As previously
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SOAREE P s FhE SPRDRFSR EIBE S0, 8o B8 s
figized. 6 Aftbmqtmatzeﬁoxanthexmb@ obeftiodnts OinC thas snfayicement layer
coefficients. A base |ayer

coefficient block 604 with corresponding coefficients in the base layer coefficient block
602 equal to zero are referred to as significant coefficients 606. Coefficients whose
corresponding coefficients in the base layer are nonzero are referred to as refinement
coefficients 608. Because significant coefficients 606 and refinement coefficients 608
have different statistics, they are coded separately in the enhancement layer 604
following the FGS coding format.

[0058] In one configuration, significant coefficients 606c, 606d are those

coefficients whose corresponding coefficients 606a and 606b (the coefficient



coefficient block 602 and an enhancenent | ayer
coefficient block 604 are provided. The bl ank spaces

wo poorhesihse | ayer 602 and t he enhancenent | ayRCT/682007/064914
represent coefficients of zero. These coefficients are
referred to as non-significant2 coefficients. The
remai ni ng spaces, 606, 608, 608a, and 608b each
represent a coefficient that nmay have a nonzero val ue.
toprospgingoihici gurcasubbmd)tinethbdwec oayerviaselkjércirerrerd| Eekinement
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encoder goes through the enhancenment | ayer coeffi cient
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gefficie The ncod t he encod s t he
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ni fi cance run. For exanple, the first significant
@f;grgﬂrecé ew=2608Lbe¢ senEfaiheseond sigaifisantgoefficign €06d. Then a bit 0
R Byt s LB BT e AfodsAanOP TR hnext lock
M aliDiocks e thel sgetirldi oyareee sdnp 1S coded using
start-step-stop or S3 code. See Thomas W egand, Gary

Eﬂ%ﬂ] varn ﬂmlhiréﬁyﬁﬁi “hB0B (prd-REbIekambol trianivier Hledaéock shown
1gt11§: 6] po 1n81c%8% tt a}r)]rexsllco%s@.?;ﬁﬁed[ m%@%ccq coe@iﬁient] 18 the lafst ong in

anuar koK
thRibso ko 8b fﬁhrﬁiee ﬂifoﬂrﬁatfoﬁdﬁﬂ RSedt foPihis lf)lbaganUubiquent codlng cycles.

ndi catlng post Ll Ve yal ue pnd 1 kndi caling negative o foms
symbol set. The index of EOB in this symbol set is assigned “Igop.” The index of a run
value “R” is “Ig.” “IR” can be derived from “R” and “Igop” as, Ix = R if R < Iggp,
otherwise, Ix = R +1. The index of each symbol in this symbol set may be coded using
S3 code. The number of bits spent on coding a smaller index is either less than or equal
to the number of bits spent on coding a larger index. Because the probability of EOB

symbol has certain correlation with the coding cycle number (EOB becomes more likely

in later cycles), an array specifying the offsets of EOB symbols in each cycle is encoded



then noves on to the next block until all blocks in

the slice have been covered. This concludes the first
w@r@nifade¢ance codi ng cycle. [0060] Wen t he neRE€T/US2007/064914

significance coding cycle starts, the encoder cones

back to the first block and sBans for the next

significant coefficient in the block. In the exanple

of Figure 6, run=3 will be sent for the second
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on co ecause
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FB3P) o A, S3 LY il p8 IRRCQRAR T DAL Yl s probability
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Heveicthe asmalgpraBability et ibupnsiof syaiacangeies. arggften inconsistent
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ex of IS co as 4 e fir
phtorspaend cycle, and as Q(nost |ikely synbpl) in al

subsequent cycl es. [0062] The S3 code used in
Y064} £ | éarﬁlaf‘eSYéE?er?gldﬁa%t edsereifreqnerout oh &ve gnss pf VLC codebooks

IS%S §’é'1]10[h %08% hfe a@nﬁé{%@? 1run an_drﬁOB h %E) %\Je %f&&?ﬂgggs 47@/?1 B8referred to

unary
hadmohsvmotihbca;km e;fodedoo@k It madéboohes cqddbosh 3aind oadshnfoklzb( Each of
For exanple, the table shown

WS;P‘&?P@O@ villks e%n%%mgl.ila Esyer W@P diveznedchass maynbg peed in some
Cut faﬁﬁ%ﬂg' n%xdltdglo'ﬁlal‘ry, mofe R e LBRIROLS %%’ HeNdsed%h other

res
configurations. The use of five codebooks herein is only illustrative and is not meant to

be limiting.

[0065] Figure 8 illustrates pseudo code for codebook 0. Codebook 0 uses the unary
code. The unary code encodes a symbol s with (s-1) “1”s and then one “0.” This
codebook has code length {1, 2, 3, ...}. It is suited for input symbols with very biased
probability distribution. The pseudo code in Figure 8 shows the encoding 802 and
decoding 804 using the unary code.

[0066] Figure 9 illustrates pseudo code for codebook 1. Codebook 1 encodes the

input symbol s with a prefix of s/2 “1”’s and then a suffix of 2 bits to code the remainder



m for each cycle nunber (0, 1 . . . 15) and each
| ocation of the | ast encoded coefficient in the base

wo 200en1BEBL) (0, 1 . ... 15) is sent as part PET/UR®07/064914
slice. [0063] The S3 code may be best suited to code
synbol s whose probability distdibution is biased for
smal | synbol s and becones nore flat for bigger
synbol s. However the actual probability distributions
obd&iYnivhicamod(Or stasdsafee the treedule epesitist.e nthigi dokdethdokshas code

REISVE Zotiind: ber-f o hiarbk® [BoBa sYopha 0y @pny ea itribution
BEhHRES tNEE @iy QA8 UL pRfudhic¥8e Iy PigareS shiwls (%@ gﬁ}cﬁ@ﬁ@m and

I's chosen to code the significance run and EOB.
fi¢opdingdd swigsodilidokde referred to herein as codebook

dehook .codebook 2. codebook n epook. 4.
bagsFP of Towss A0 FmtoRse i Fodoesepriod: RBRRTok hapeodes the
fop¥es,3 sl RAGKS 2 FRAIDES UBGD ¢ 17s SATBIGON Sl AR IRDI RS0 represent the
Addi tionally, nore than five codebooks may be used in
onivender orfdi g 3).aThiswedebbok has eodsflefgthe {2 @debbdk 4, hier, 6i.n} which
is only.illustrative and i,s nat ant to be limtin
BouBe er e cohly| isPuied SnplendPORoGeTPEF (3 dRAGHRE 1. The
Pscuf9dehoak Momeer LBy BRS ¥ncoafi. 1002eattAE0dHIE004 using this
encodes a synbol s with (s-1) "lI"s and then one "0."

Jdeboddodebook has code length {1, 2, 3, . ..}. It is

i.ted for, in 0 i,th.ver i.ase r opabi |t
BHt6BE o siidshodn S5 IBE 53 Bhcaithri BiRBee ShBGESYs lshtens 11,5
eneodisng. 802t and wdaradh et BR4codshetk it R&hHRAMErSOHEF codebook 2.
[ 006 Figure 9 illustrates pseudo code for codebook

066
It er@@%@ﬁb@ knput spoddes=Q mathi the (it 8y riisslallsothett syrabqds ef itxuses the
of,s/2 ~l"s .and th uffix of 2 bits to code the
?&ﬁ@?ﬁ%%?ﬁ%d@@gﬁr?g§H§F “mod() stands for the nodul e
gmzpt I QbdeBbuls 4Ciodeaakd Residhose cdBebNS {sBowR inIFigde 9). It

, 4, . ..}. It is suited for input synmbols with nore
encededitst mpbusyrobolcoWpaitbdhe dit Ae Beraply othstesynibhls s, it uses the

seud ode .in _Fi gur S the encodi ng 902 and
E%dﬁeﬁa?%‘éwt&n tisxﬁlgeﬁs&g&?o 2L [0067] Figure 10

[007UBt r ARRLASBUAO taden f T ars OdRbORkctAcd CasiRBER, 2 For cortain
encodes the input synbol s with a prefix of (s/3)*2

implementatieth dh mey sugft fliexnasessarybiot goreoa leghrers tabic phihe encoder and
%%ggéggg%uagg%an%éwﬁxﬂ%%%%g%gggpok has code | engt hs

-V which is suited for

[0o7€] evanlywsis hbiifkbesdn it Uity BRal tstat QFPiRE @8dddoks are shown
codebook 1. The pseudo code in Frgure 10 shows the

@mtd)igqus@ed]_l@@gnamgiea@d@dﬁ emgi éh_g@zsirggliyﬁ@ifteﬁi@rsion of codebooks 2 and

1, respectively. This is an important feature that could be exploited to greatly simplify
the decoder implementation.

[0072] The optimal codebook “c” depends on the probability distribution of the
symbol set formed with significance runs and EOB symbol, which varies not only
between sequences but also between frames within a given sequence.

[0073] In one configuration, a codebook selection table is explicitly coded as part of
the slice. Each entry in the table is the index of the codebook used for decoding the
next significance run or EOB under certain condition. The codebook selection table
may contain an entry for each coding cycle number “CCN”, without depending on other

parameters. In a different implementation, the codebook selection table may contain an



codebook. [0068] Codebook 3 uses the S3 code with m=0
(Figure 7), with code lengths {1, 3, 3, 3, 5 5, 5.

WO 2007/112343 s to be noted that this codebook is BCEHBIDBOH4914

ver si on of codebook 2. It encodes the input synbol s=0

with the bit 0. For all otherlsynbols s, it uses the
codebook 2 with input synmbol (s+1). [0069] Codebook 4

is a shifted version of codebook 1 (shown in Figure

try for cecicpdesf ¢dueng eyplt neybdySICEEDand thh LEH. positién. For coding

F I.I .other . ols ' ses. t he codebook ith, .
phbiPlognBrns T oy | BB a3 BioncBui b Rees (DAY bughusive: In
Gl @add, lthS bhdibt Hedd&ogebRAlSof ERN &R & e table to optimize the
i npl enentation, it may not be necessary to store a

tabikg pprfomdnec.at Int hieotearcoest, drdsdedodeof He ogtiradll godebook for

G e R0 A BT BB B Ptk Sedbna it The
SHaNn @WdbelLs EUSI&IAe8ERINon GRABRBIKSLS dRAD oA Btimated during
sinply shifted version of codebooks 2 and 1,

rewpedime endsthe Thighborsngagorictgiont ant feat ure that coul d

lqQited. t tl inpljfy the d d
R P VAT e o oTauerhis Bkl s Ep S0 Rver and the codebook
seRend a8 id 8 1iBRIPRAJAE i the Alisd, if RUbIcANalhailthE cSIBBOL sclection
set fornmed with significance runs and EOB synbol

whlec Hsalabt edebeffominglybiet mesmizebit enedsabutneiciat coding of the

REl g U ARR et ShabpSo He g e TR i8he 7 ML bt Aiskon (peak
ﬁ%ﬂzﬂi@jnbis)é.rﬁtﬁmeg wAsraR3cirf fol AR BGS ¢8er. BRGH s@¥hdcY akdlintroduced
the table is the i ndex of the codebook used for

easbiva gffiomnt neding of theichilchnk ecleeipngrblEOB under

i dition..T book, sel.ecti table.
o n A 1% i Bl R ESERHSD SR Rthan B ediserved tht
et PopilatisP e ehlg codebebielk dpdrameras VLA AbR MiobfigFaffe 11 may
i mpl ement ati on, the codebook sel ection table may

bonsed 9 eavlenthe woehookawkrigsap rreddcecibeiamgragy dite spentivar coding the
'éﬁ)gt@nd the LEBL position. For coding of 4x4 bl ocks,
BSEH™ESN and t he LEBL position are in the range

[0d76P] . ThrRab @§1i1ﬁ/%1ratld’1h, et RRICHERE EtheldpEnRD 6&_@@_601@81@1k@%§ends on
the value of each entry in the table to optimze the

s dlodmepicteorunehee € CONY, anidt ¢taeh cadipesycletmmbse pereespording to the

of, th tial codehopk f.or coding,the.nex :

BigihicF, BENA o RT TRRE #ancil BT T Eiliygpirigy e coded as
RAlolvsOfAttfire, 8 NhiGsble Thgn Gt ividBkcl6@EBL 0o des t&BldRatcatle number of
based on the probability distribution estinmated during

cadehpoly tselvstoand thite At gisberdedg tor g atlfitieam,  followed by
“num_sig vlc_ selectors” codebook selectors. Each codebook selector is coded using a
variable length code defined in the VLC table 1102. There is one codebook selector for
cach coding cycle number. The decoding process is a simple reverse of the encoding
process. The codebook selectors which are not coded in the slice have the default value
of 0. For example, for coding 4x4 blocks, 16 codebook selectors are needed. If
“num_sig vlc selectors” is 5, it means the first 5 codebook selectors are explicitly
coded. The remaining 11 codebook selectors are zero.

[0077] In another aspect, the codebook selection table may contain an entry for each
pair of coding cycle number “CCN” and the LEBL position. The probability of
codebook 0 (the unary code) being chosen generally becomes very high for large cycle



[0074] When there is limted bit budget for the FGS

| ayer and the codebook selection table is explicitly
w@owed123m3 t he slice, it is essential that the POUER®OK064914

selection table itself be coded efficiently to

mnimze bit overhead. Ineffilient coding of the

codebook sel ection table can also delay the rising

sl ope of the rate-distortion (peak signal-to-noise

nanbe and LHBIL pmsmicay Pbuw et hight bémnfeGRinkegseary tawamd codebooks for

chenes are intro e efficjent .coding
e Eotenbok SErots et Tt bl i5iarion gty Huer i e tble
Ainte@tidh a8f added @5 ROY @%% §lehﬁn@ rﬂtﬁ@ S&nthif HOslicd. Hereinafter two table
observed that the "popularity" of these codebooks is

sliapterentdelifidte ¢L@nglab(see Fig@ei h2)Fanrliteangie feee begunsdd). Two

B B P B Rt Had BDER aFf PPosfor] GSRERe, Fole end one
SRBfi b AtdnRAer, BB GbRAL [0 BerRffof hﬁar%‘l’é 'tal[:@é meﬁt@[%kshape and

only depends on the codi ng cycle nunbe CCN',
élamftmsmo dienlgled;,y@ﬂ]e tahlerbetrice drat dalp onidim glet mun¢detabhdb302oﬂ 302 are

N7 pRER WP G el 4L Fidis 1 2ATp B A ¢ Sfics, J 264, 1384 Sithe table

erﬁHE@ hOdo/hét ﬁ@%t%é pruned €IS Grd foti sl @ taSsuln to be 0.
nunber of codebook selectors that are encoded in the

K081 r edlim okft@ihlthﬁ/\rablewapmm dingnude, thel @dibmodebook selectlon table

odebook t Each book t
B mge o & b THRG R TEUad dath 86 THY PR PPE Hhfte column

dik&btion The! @licwcansy GeAsRRkecaS), a6k ed BY t1RAGRgGRAMdRECtion (note
cycl e nunber. The ‘decodi ng process is a sinple reverse

t’ﬁfat thoevea i dlk n@chclo eas shooppany cmi@dyof@k pswiie®t deke Hisi elumns for

Slaulle BRI b0y 5T RuliRg o S BB S e p benatey that

sal B@Emﬁeameﬂﬁﬁﬂ@dslgmﬁcaney Uhcﬁh?dué o SseRtiag %oddb%oﬁ 0 for the
it means the first 5 codebook selectors are explicitly

epftiadl. corisbogle fmg- nqugs Qllfcaibeﬁébek cgelcedndhis enlempetlegady choose
tab

%%c%%qk i nngt 1ne tﬁSB% a\mé%ls 0 plgr%glt%l%f ﬁlg 88|u%m0t6 18 en rles as the

entry ng cy C

pThekd’ dGQ% nansi:ntih% tlhEs%Ltam@%ntmsgrper Tllreevnmkaatel ihiftiyurefl1 (e.g.,
codebook 0 (the unary code belng chosen generally

.Se](ﬁ)b,résslf@ﬂreptrmsgmﬂﬂ@eolp@n 08¢0 ehoold). CEtben this column of
h
gee%ﬂgg gslsf &Ediﬁ dtﬁer@m% tthl? %81%%1 ﬁr}n%?n ? MY 1n§telﬁ ghe column

ese cont ex

@@U@n dtopendidaie pidheng ialthe reh dﬁ@ctﬁﬁdstatrﬁe Thl@ l}ir@mng process proves
di mensi on_are added as new syntax elenents and sent in

tonlee sy sfectiey i adapting tor e tarap it BiRpesveay éovgbitirafes: when there
(SRR RTERTE B  GHAIE AR A gy o
fentith gavdde by anglgetht adptidsdl @debcdke When this is the case, the pruning
process may even prune out the entire table. At higher bit rates, the pruned table tends
to have bigger dimensions for the opposite reason. The complexity of this table pruning
process is very low as the bit penalty of pruning every table entry can be pre-stored
while forming the codebook selection table. The pseudo-code 1402 in Figure 14
summarizes how to send the pruned table.

[0079] Figure 15 illustrates a device 1600 configured to process digital images

and/or digital video. The device 1600 may represent or be implemented in a digital

television, a digital direct broadcast system, a wireless communication device, a PDA, a



addi ti onal paraneter, called depth, is sent for
triangle table. Wth table shape and di nensi on
woelewrdess3 only table entries that fall wthin PE¢EBEUS2007/064914
pruned table 1202, 1302 are sent using the VLC code in
Figure 11. All other table entties 1204, 1304 (the
table entries that do not fall wthin the pruned
tabl e) are not sent and assuned to be 0. [0078] To
biptopi corothetert abdeskteohapenparted, aidngtedicemerat hedigBd IiGcording device, a

d k. sel ectj tabl e i d i : :
Retenareblit Aoriab geieRoeBy valiinar it grlispdhhon, or any
e ordusiatidh HeGhd Q/ﬂgfviic{e%tetele_ IRy QvaY chavtiiesr ow

direction, followed by i agonal "direction (note
[0980] hdlbevdevict HEO@Mumderoccss ahods edeange, dratemitf and/or receive

runi nq). Take the col.ynms for exanple. Define the
e s vie el BRIt Gath T B ATyt Loa ST such as &
Bidto paR@ltnit BAfmadelsbndd®) 1610 WetiRd el &b a Gidbd BRhive, or obtained in

si gni ficance coding due to substituting codebook 0 for
aighayphammet.  Souddoowklingeyrgt 1610 ingh@ deficall 60Mbmay ec a video coding

Tefifdpine’ Bebrt ThT 08 BT Badig SF e ‘Biupideo coding
Ghnda?®! €h&0ided @8diAS uhfig 6o hﬁﬁgg abﬂfﬂ&_.ﬁan@gadiﬁgeféehﬂques, such

these table entries per the VL le in Figure 11
¢semgtion Stin@tioh fagd nfotigh comnenspaen, iand iiasirarot aeding Fegbsigues, such

codebook..0).. |f > C then this colum of table

B O o sttt Do g b 1 5 ret ai ned,
10081 Pr UniRAckTtct1BEo0 Gy URTIuH LEGhdeRRifoRPurdB&iddN B 12, such as a
pruning in the row difection starts. This pruning

prrode 95 Vpleovesard theapteroyingdge ot ividsoisaqumtapt imigstors thheaptured
t t bit rate. At lLow bjt . rat when there .
HIECS 0 APAURES i TS, T LA ey B Ce i 1502 may

proRedsaRhLesemtifor €5dcd BeqiRicdsy Sthefierhhl§ 1f69Wn{hhfts$or§ &eeichaBys and/or
using the opti mal codebook. Wen this is the case, the

Prda esentes betose prd/afeoy enchopraeessivgt the entire table.

jgheyr bit rat t he pruned bl e tends,t ave
fogale" o ahisebt TPis M REHSnd B hnkEh S5qLidR Sequences to
sdrephicy. The tldhsclhvabll €1 @mEPURYa RIRESS SorSuMRENod §¥dard such
as the bit penalty of pruning every table entry can be

py eodst divesdomvmiylieple orcagss o AN AQ o dBxrseidess of éd?Ménsteadrirds include

exdas 2. 1402 i n Figure .SU [ t
CERRIREY S B i banF o0 BEFUPEMYuRE MBS RT8e
fmssre I6R0orCAab Jeth@fls bPthRIARERS S 600 Gldyvale dofBB@Scatively coupled
and/or digital video. The device 1600 nmay represent or

Bie 4 qppawEertod Hus 18180 §i edditioretoewri istensl ofgheliclginieats shown in FIG.
irect broadcast ,system,a wrel.es nication . .
o RORRRRL R B R P B TR TR BBl g in

Hi@ilteais re@6BT @, ex@nthldi Taé téchaRued BeceBad B&eindmay be implemented
net wor k- enabl ed digital television, a cellular or
yitha|variey af ailics archltegishe, or any tel ecommuni cation

ﬂﬁ,\éi“fe wf.“htehmé/rhgr%rol élglrgapy%)a% a(r\e/ﬂ;l)[ivgl%qugr%ie lniletniloerg’r 'space. The memory
1614 may comprise dynamic random access memory (DRAM), or FLASH memory.
The memory 1614 may comprise “NOR” or “NAND” gate memory technology, or any
other data storage technology. In other examples, the memory 1614 may comprise a
non-volatile memory or any other type of data storage unit.

[0085] The image/video processing unit 1602 may comprise a chip set for a mobile

radiotelephone, which may include hardware, software, firmware, and/or one or more



[ 0080] The device 1600 may process, encode, decode,
transmt and/or receive image and/or video data. The

waeep@en13at a may be captured by a video caner a, PEBIIUR208%064914

a video capture unit (or inmmge sensor) 1612, retrieved
froma video archive, or obtalthed in another nanner. A
video coding unit 1610 in the device 1600 may use a

vi deo codi ng standard such as MPEG 4, I TU- T H. 263,
iidgefliobbs864, dogitahnyigml hprocessdiso (RBBN)ngepplicatidar specifive integrated

vi deo j.ng [t 1610 npy support i -frame .coding, . .
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HRMENTAL F%essﬁ%%ditnlf G0 rhdyAEBluBO 1] FeRbBR} MiRSooupk8 o a front-
as spatial estimation and’infra-prediction coding
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e winap i’ ey capPire aBeEeyie oo s OB dn ke SigRgine (or
SdBpessifls afdRbadat (oFBERIREssHRIHRNEERdEddAa NENDT Y

1614. An i mage/ vi deo processing unit 1602 may process

[(Wﬁglés ai/ localunelaarys Effdemeae somphse aemelgr agiDthstenynemory space

the i id bef d :
G407 GUBR Broeas TRy, FDsEIrPiR (haRegemyar L gteh fay comprise
§ReRionBudiHaflic FnadmNctess Aet@tbry i IBRAMEAUBRCIBSal tiRemory 1604 may
anot her device. The transceiver 1616 nay use a

emptises Pnednpiu nicowry ortegateddwitl tha ofhicasompeecndy of gicoprocessing

|t CDVA) . | es of CDVA standards .
PR SRR B B oA o der RO R BN Cogig process.
AeGRsS, (hGRRYricsetdd 4 dhB0884 nfdyereUoniBA&l BlEHMEmeFy, or may be

the device 1600 may be connunicat|veL% coupled via a
oortemeitedtin onnwyuser 1§l 8then ponftgicationn. t4 oemotyseandigllof 1606 may

T RBITT R My PR hi s B InFeBTRRE ™ °°

[0087pt I attRdfréril-oill Gnad&vidso P RbAn@n€N 80P &y Pdidrm one or more
techni ques descri bed herein may be |$I emented with a

eadceprpcesingt teelmigyeshint dist freess of GO8ilco TequanspoP yimpaE image

may.. have relativel ar ge,. ry ace, The nor

TRt AT Bt Ly e RRUTGRT RS S, Thritymote. e
BontFndISHAREDIdYe  FRRIIRIFD it G548 May C BIGIS CtecPRicsOkuch  as
"NAND' gate nenory technol ogy, or any other data .
deraesaiseng. detrm esiliodly correstipnheqalingaprlpe sorreciennegtor yomgyon, and
nay- I.lse n-volatile penory. or. any.o r tvp
IR RIBENET 28s YHlERY PGy TR setof Wigcl 0% mby 8o pertorm

Phe€ R8I §gksU Th lgcAQBR tetéc ipefoan&hbyptheainitl 108 are referred to
nobi | e radi ot el ephone, which may include hardware, )
goffremreaad” impgaproscssagdedmipise bepause thenfcelimapics deessde soding by

%%?@é?%y@ia%@&inﬁ%?éﬁ?rS (DSPs), application specific

[0088] The image/video capture unit 1612 may comprise image sensors that include
color filter arrays (CFAs) arranged on a surface of the sensors. Front-end image
processing performed by the unit 1608 may improve the quality of the video sequence
captured by the capture unit 1612. For example, the front-end processing unit 1608
and/or the coding unit 1610 may comprise a DSP programmed to process images
captured by the capture unit 1612. The same area of memory 1604 (or memory 1614)
may used for both front-end image processing purposes and for other storage purposes.
[0089] The image/video coding unit 1610 may perform image and/or video coding,

which may include one or more video compression techniques, such as inter-frame



circuits (ASICs), field programmabl e gate arrays
(FPGAs), or various conbinations thereof. The
Wee@cessing unit 1602 may include a | ocal nenoPGI/UEMA7/064914
coupled to a frontend |nage/V|deo processing unit 1608
and an image/vi deo coding uni 2 1610. The codi ng unit
1610 may conpri se an encoder/decoder (CODEC) for
encodi ng (or conpressing) and decodi ng (or
deuepri@s sidig) inthdianad camplessiaiat Bor f{xtaﬁﬁ)&] titheoding ahit 1610 may

nmenory 1604 may. conpri se smal | er an ster nor. y.
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BERFRSIGH. - ThY SRPUVEr rﬁ&%ﬂ"&a QSRR (oFMMRYREdich ferred t
menories 1614 a%d 1604 mayn%ge COﬂbl(ﬁed I\rzlltﬁo 18n(2tﬁ is referred to as

sndua}la” apxd wd@@rlsﬁplbéqrétmfeidtal indigatemerdd el ff@fnass bhetween a current

nf |@ur ali p%, g@d TR YrefRLL %h%c‘i[ wé%? S By rlrf@?%gofp;gsltlmatlon or

3684t csliffa8dh. The front-end i mage/ vi deo processing unit
1608 may perform one or nore i nage processing
t098Ahi queiseronthe hesoflingmesniof 1610/i dedorssqueniden t gompensation  (or

t t her eb e the al it
SRR 88 sRch kRGO oI Rl b g b med o
furmge/cydd e [’Hs%ﬁﬁﬁhd‘%ﬂﬂ%r%olr@@ssmﬁ&‘ daef f ah@ additional steps may
technlques such as denpsai cin | ens roll of f

dencné i iba, codingl stmgiard:btlog us ,rte@tarrfogenqr@iboreferred to as “residual
, d L SEE0S: The. !
FRINET v oo fRE uBRIb I maxi et lsh s o Harkes hssf Sidigo compression

RthdfudseohBiigieede ahfdudeoLiah nebd@ foesomhaiMEsc REVIlQS BRfence to
by the unit 1608 are referred to as "front-end" inmage

proslecs sleving viadb Hpgpgeychelduse t he technlques precede

g t he | g /video coding unit 0088
FRRAEP b TGTIRE kiR 1ER2bRs PR S g0t o Wiy of
SRS SedhdlogiddCandd &:chRigEs. T IFot @k ampleaital Gidiktions, commands,
arranged on a surface of the sensors. Front-end inmage

prioswudionngepds.fismepmbgist sl clips e geaynhy rﬁﬁ@ﬂ@@ﬁetkrfwghout the
uaI | cieéit%gtlofggﬁlaélb%epe[p?e%g?l{e% %er on{) : & gc%rrgxtét hl%ct%grggﬁunlreflc waves,

un| eSS|ng

AR R tRTH @ ortﬂaﬁldli&dbﬁ’tgsaUﬁélﬁs 61613&16[%/ o€ @ﬂﬂ%drﬁlﬁn@ﬂd&ﬁﬁereof.
angranned to process images captured by the capture
| 161the Wﬁeueﬁh@rﬁrvedogiﬁalrbé@ﬁiﬁﬁ yma@das, Cispuitsenst glgorithm steps

&escrl%ecm%ty con ﬁgalofnovrv%tﬁ nfrogg%atl% 9 dlsn%ged Rergl%er%gy B implemented

purposes an or o
as electronic hardware, computer software, or cornblnatlons of both. To clearly

illustrate this interchangeability of hardware and software, various illustrative
components, blocks, modules, circuits, and steps have been described above generally
in terms of their functionality. Whether such functionality is implemented as hardware
or software depends upon the particular application and design constraints imposed on
the overall system. Skilled artisans may implement the described functionality in
varying ways for each particular application, but such implementation decisions should
not be interpreted as causing a departure from the scope of the present systems and

methods.



[0089] The inmage/video coding unit 1610 may perform

i mge and/ or video codi ng, which may include one or
woreog/1va3deo conpressi on techni ques, such as PCT/US2007/064914

i nter-franmeconpression and/or_intra-franme conpression.

For exanple, the coding unit 2610 may i npl enent notion

estimation and noti on conpensation techniques to

exploit tenporal or inter-frane data correlation to

[088] de Thet eriolus allesteonp lessil diockd) tednkzs.i el yirarits described in

additional]y, the coding unit 1610 may perfarm spati al

BTE AT B oI BB R SR EOP S e ok GPER B gF performed

SRALA Ben@hl hifpose HtRTBs otk aiGied1 M Sl I RBckQrPITMYd@n application

infra-frame conpression. The output of notion ~

sroapenwaigraed Cocuif MABIK-)pa datild progngmingble efabr areay signaS(FPGA) or

"residual ," and may, conpr,i se a block of. data. ..

e piersbmafie et PPEHE S St weEh Oakfawas@ﬁtlo%lm@acrete hardware

RsdnchR, BE arPdefbARboR tIRE&H febighBd B fekornt &t fuht@shsiescribed

motion estimation or spatial estimation. [0090] After

héreinc g gergral putpos s p®cpwspf mryrbe pmiicoprasessos bsiain the altenative, the

infra-grediEtion) to cgeaLe t he resiqqﬂk a.seri slof tat
BOSPYPoRRY 8¢ By FRIY CRLBE YOG FeMFiehnBYCrReyrofif or state
rashidslal Aap@dclsdbt RRE SIS ffplbMentddta. a TmbLARLA | M@ mputing
steps may depend on"the coding standard being used,

Bemicear ec.generainbynatisheof el PSPagnd r @sindueproessadrnga "plurality of
The coding unit 1610 ma erfornmone.ortnore ofﬁ#ﬂpse

W ARt esi In"PECHT YU 1 B° Fe U TR YErblint> of ™ OF 1Y
fRbAsRB REGUridgonMMuni cat e a vi deo sequence to anot her
device via the transceiver 1616. [0091] Information '
HI9Q4ki gnidics stapsy ofea meqsheds ent agonithinndessripedfin acopaegtemy with the

of different fechnol ogies.,and techni,ques.. For . exanpl e,
G B RS el B BE RS e R ol HERTS i T RAROR £ software
Blotisle S¥ARE By adftfc&boror ihatconBinabien betiey e software module
t hroughout the above description may be represented by

Vel t wgds , iIncrandemt gcceed aamasyraldievl).c tagly escmarpg eadianly memory

M B E b RBBp v iBhub P GO RSl v

progkimirhale Yeadl gy 6RimoRy PEKBRONDAHg@ers, dHak € Hisk Sa radtflable disk, a

al gorithm steps described in connection with the .

ewnpach st icadonlli Bsmese dCReREM), Rl eotherpfosmesit slgrags medium
| ectronic _h war e onput er ftware, or

BRI e s “orOBist mettih dy Sl I Epraper e drt the processor

t4it edadhiafgaakbibh i fiom Ofind afrdvah Rrantors &, t thar foray@icdifin. In the
illustrative conmponents, blocks, nodules, circuits,
alfpnaivephe tpyegcheedivgaser bhairea do Ereguneassdr] hiprecspses and the
f thejr,f i onal i t j.onal i LS .
PR RO ATELOR BYEC s OIS ina.
har hiteuhtave, apl brbison ad tite Sthge anatitial May kdsRsad discrete

gonmponents in a user terminal.

[0095] The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be interchanged
with one another without departing from the scope of the present systems and methods.
In other words, unless a specific order of steps or actions is required for proper

operation of the configuration, the order and/or use of specific steps and/or actions may

be modified without departing from the scope of the present systems and methods.



the overall system Skilled artisans may inplenent the

descri bed functionality in varying ways for each
w@aoriicaskar application, but such inpl enmentatiBPEI/US2007/064914

deci si ons shoul d not be interﬁéeted as causing a

departure fromthe scope of t present systens and

nmet hods. [ 0093] The various illustrative |ogica

bl ocks, nodul es, and circuits described in connection

{100n] t heVbidnspgulii@todnsiradions land egpphesteins ofrelye peesent systems and

llalre%ag; n%ze’e %ggl{j il&%{rgtl%(ri g‘%arfgsérg?eac gtglggtlgatlle[)%gée@gtaﬁd that the present
ARRIMC hd MtRRRCAL fotl IMRET 36 &Rk Prdcfdi &orﬂggﬁa@on #hd components
fiiel d programmabl e gate array signal (FP or ot her
pisdgscalrreadih e Viaugucmdéwicatmns dilsoget endyatrations whwhsiil therapparent
ogi c, .discrete hardware conponents, or any .. .
oo A b eV B b Suiteniehi, PR atiom ! ditils of the
ARaeHL REASRRNAT discldicd BBRIAitROURRES RS ASRSHE kpRYnd SeoBe of the
m croprocéssor, but in the alternative, the processor
spevjenipeandmyetbadsvent i onal processor, controller,
j co ol.ler, or. state machine. A processor nmay
moggpbeakhﬁﬂ%ﬁ@ﬂ?%ﬁwas a conbi nation of conputing
devices, e.g., a conbination of a DSP and a
m croprocessor, a plurality of m croprocessors, one or
nore m croprocessors in conjunction with a DSP core,
or any other such configuration. [0094] The steps of a
met hod or al gorithm described in connection with the
configurations disclosed herein may be enbodi ed
directly in hardware, in a software nodul e executed by
a processor, or in a conbination of the two. A
software nodul e may reside in random access nenory
(RAM, flash nenory, read-only nenory (ROM, erasable
programuabl e read-only nmenory (EPROM, electrically
erasabl e programmabl e read-only nenory ( EEPROV),
regi sters, hard disk, a renovable disk, a conpact disc
read-only nenory (CD-ROM), or any other form of
storage nedium known in the art. A storage nediumis
coupled to the processor such that the processor can
read information from and wite information to, the
storage nedium In the alternative, the storage nmedi um
may be integral to the processor. The processor and
the storage nmediummay reside in an ASIC. The ASIC may
reside in a user termnal. In the alternative, the
processor and the storage nedi um may resi de as
di screte conmponents in a user termnal. [0095] The
met hods di scl osed herein conprise one or nore steps or
actions for



achi eving the described nmethod. The nethod steps

and/ or actions may be interchanged with one anot her
worenows4dieparti ng fromthe scope of the preseP€T/US2007/064914

systens and nethods. In other words, unless a specific

order of steps or actions is ¥equired for proper

operation of the configuration, the order and/or use

of specific steps and/or actions may be nodified

wi t hout departing fromthe scope of the present

systenms and net hods. [ 0096] MW jngsspecific

configurations and appllcatlons of the present systens

and net hods have been illustrated and described, it is

o be i h te

‘iﬂ o n@%ﬂ%ﬁ&ég&gggﬁl %fgéﬁfhc%gger cgoge?fgcg%rfty i &7 ec?ge%élglgpehc%gﬁ)rlsmg

COﬁpOﬁﬁ&hﬁgﬂtﬁd&Qﬁﬂdmﬂ%feln Vari ous nndlflcatlons

changes, and variations which will be aPparent to

t hoseCHRITHFEY 4 methﬁtéorapf amheReipd Videgesigngl fppecurrent frame from the

arrangement. gg@%ﬁ and details of the nethods and

syst ens dISC efeln W t hout departing fromthe

Spi ri foraugs asmmaamgdahby sylstaetibg thereiétiodds’.thd &G video

VWhat is clainmed is:CLAIMS 1, A nethod for coding

si gni fi canvignaddeomt fhejosigingl videq s\gnalds thceiesnt frame;

conpr r uence; constructing a

predi%@#g’ g#ﬁ%ﬁ%ﬁ?ﬁgp%a%ﬁﬁﬁg %ﬁﬂfgnal in a current

franeqwmmﬁmgMQﬂmmdqaﬂaemwbnﬁeodﬁ@mﬁmng a residual

signal by subtracting the prediction of the ori gi na

vi deoSd¢ingR Opﬁ%hﬂom@%a PHIrHEY of pereoRlisgpgpds #f lwéone ofa
current frgr %Rﬁhﬁh %ﬂ?@ﬁﬁ?&ghhﬁ t he residua

signal; qua t|2|ng a plurality of transform
coeffuﬁh@p&&at&ﬂﬂ&@bmﬁgs@ndhdehamhahdeﬁmafbkmkammgyhdﬁﬂeaed
codebooks to g qg at | east one of a significance run

and an end<qsiebpp and coding the at |east one of a
significance run and end- of - bl ock using the sel ected
codebook. 2. The nmethod of claim1, further conprising

godi nghameted-obrlagndekurthsy ﬁgnmﬁén&@d@zﬁ duendoRfdogkusing the
&bg %R&EQ? %{ claim1, further conprising coding
00k tab

e information with a video slice. 4. The
nethod of claim3, wherein the codebook table

g‘nf or Ilrﬁé %n%ﬁlo"c‘l l%pfalmslﬁsfurther comprising coding codebook table information

with a video slice.

4. The method of claim 3, wherein the codebook table information comprises a

codebook selection table.

5. The method of claim 3, wherein the codebook table information comprises a
codebook selection table with each entry corresponding to each pair of coding cycle

numbers and a LEBL (last encoded coefficient in the base layer) position.

6. The method of claim 3, wherein the codebook table information comprises a
codebook selection table with each entry corresponding to only the coding cycle

number.



codebook selection table. 5. The nethod of claim 3,
wherei n the codebook table information conprises a

W@ owehtsk3 sel ection table with each entry correGpOSINTIgH4914
to each pair of coding cycle nunbers and a LEBL (I ast
encoded coefficient in the bakse |ayer) position. 6.
The nethod of claim 3, wherein the codebook table
i nformati on conprises a codebook selection table with
2ach &he my:tlwdrotf els‘lpo ol furgpet coropriisyng ¢velimitic wgdabpok eclection table
nunber..7. The 5%) of claim®6, further conprising
Bt Piea O aRETHOO SFEEHTH Dbl o as a

one- di mensi onal codebook sel ection array. 8. The

met hod. of further conprising coding. a i

dar i aEh%mFﬁ@a 0? peEn{ Bathsr compisingsodingea EHUDIOR Specifics a
aﬁ&ﬁ&tdf% é@@t@m@ﬁ&h&é tepll t@ésgh@wé é;gaelb t &)agg,%erem the

erein the variable is
salabbt o If@llowdﬂidrye@ddebcmkl”sete@d)eb @\dierfsle bm;thtaodebcs)kcsekd:emh is coded
using a. abl e | ength code. 9. The nethod of claim
%?n%ﬁ§W@¥ﬁ l gméﬁéﬁbook tabl e information conprises a
table shape and a table dinmension. 10. The nethod of

aim9, wherein the table shape is rectangular. 11.
%h e nbhhBEthod of claitm3gwhessy BF Godabeok ibleinéapEon gomprises a

&5 q%ggi & thite g, Bt hod of claim 1, wherein a

1 ection table is dynam cal |y determ ned
fron1a statlstlcs estimation. 13. The nethod of claim

wherejin..a bo@k ect i t n1ca||y
fo or SRR SN wRGS G Wbt bl B 3
nmet hod of claim1, mhereln annng the plurality of

deb deho IS t.ed ver.sion of
F o naP Rl G RS et B Bl BEPe SRRt ¢ ner
conpri5|ng pruni ng a codebook selection table to
OVI d co ok. sel e abl e; _and codi n
?Eﬁ@&%ﬁ&gsmqs&fﬁ%@m %?P‘%%‘ﬁ% e&ﬁcflﬁn b5 Felynamictly
éétbﬁﬁnec@ﬁom%tﬁisﬁ@é E@ilfioHlevi ce conprising: a
processor; nmenory In electronic communication with the

processor,
13. The method of claim 1, wherein a codebook selection table is dynamically

determined from a neighboring correlation.

14. The method of claim 1, wherein among the plurality of codebooks, one

codebook is a shifted version of another codebook.

15. The method of claim 1, further comprising:
pruning a codebook selection table to provide a pruned codebook selection table;
and

coding the pruned codebook selection table with a video slice.

16.  An electronic device comprising:
a processor;
memory in electronic communication with the processor;
instructions stored in the memory, the instructions being executable to:

receive a video sequence;



instructions stored in the nenory, the instructions
bei ng executable to: receive a video sequence;
wW@ow3titaied a prediction of an original video sPOHEB200T1064914

a current frame fromthe video sequence; forma
resi dual frame by subtracting4 he prediction of the
original video signal fromthe original video signha
in the current frane; apply a transformto the
resi dual stgnahet aquradtiiaeofanpirigisd] ivideosfgnal mresduorent frame from
coefficients; select a codebook froma plurality of
codebooks to cod¥ YA1°I%4E “Gne of a significance run
and end- of fhockiidaNdr&0dsy, §ubgading BaPEdRMBN QF the original video
significance run and end-of - bl ock using the sel ected
codebook. 17. Thignalfem thenmirginiévidee sighaldh dhqwut@nt frame;
wherein the instructions. are.further executable to
code codeb@%ﬂy?5%P§%??ﬁQﬂ¥Hﬁ$éWﬁ§¥Pﬂ°a video slice.
18. The e'&&ﬁﬁ&@h?hﬂﬁ% &€ trhsf&infbdBidientéher ei n the
codebook table informati on conpri ses a codebook
sel ecti on scdst @.cod¢hoolifioned phwaln vt catsbode totodd atileast one of a
17, wherein the_.codebook taQLe(%aE&r ‘tian conprises a
tabl e shape and™8™{SB1%€ "Bt ARKE SN2 e electronic
device of gdRitR diflcastBRE 8 AgdiNBarcBSUH M dnADST- A& using the
further executable to: prune a codebook sel ection
tabl e to provi declectyst epdebbakodebook sel ection tabl e;
and code the pruned codebook selection table with a
video slice. 2 1. A nethod for decoding significance
toef f The elnttsonindancesfoddedl 6y wheris thguesoeticonge figiheg:
recej vj an encoded vi dep bitstream.retr.ieving
ExsaBBlsRd cash codchogk ARleTRR TR Yila® ideS eligam
decodi ng significance synbols using the retrieved
codebook table information; decoding significance )
Edef f B¢ elseteonisfioides ofelamgly piheteke GWH%QWL‘ table information

t L ZbiSoBk RLbE R ke Of transform coefficients;
applying an inverse transformto a residual signal;
and

19. The electronic device of claim 17, wherein the codebook table information

comprises a table shape and a table dimension.

20. The electronic device of claim 17, wherein the instructions are further
executable to:
prune a codebook selection table to provide a pruned codebook selection table;
and

code the pruned codebook selection table with a video slice.

21. A method for decoding significance coefficients in an encoded video sequence
comprising:
receiving an encoded video bitstream;
retrieving codebook table information from the bitstream;
decoding significance symbols using the retrieved codebook table information;
decoding significance coefficients using the significance symbols;

dequantizing a plurality of transform coefficients;



constructing a video sequence. 22. The nethod of claim
21, further conprising decodi ng codebook table

W0 pdoonnsyd on froma slice. 23. The nethod of cPEI/BISDR]/064914
wherei n the codebook table informati on conprises a
codebook sel ection table. 24.25The nethod of claim 22,
wherei n the codebook table information conprises a
codebook sel ection table mapping cycle nunber and a
LEBL {prdging encoded tooefofidd entsidual sipealbasle | ayer)
position nmet hod of claim 22, wherein the

codebtPRIPY H}ganlﬁ?%Wﬂﬁ?Iinn conpri ses a codebook

sel ection table mapping cycle nunber 26 The net hod
f clajm 2 ein t codebook t i nformat i
%nprif %gleé‘ofigglcg“@ﬁépg‘“gﬁﬂc%lﬁ%ﬁ} pdhanpdapooltblorne

ﬁﬁ&rﬁ%@loﬁf&o‘ﬁ{é‘kﬁ@e% wherein the tabI e shape I's

rectangul ar. . The nethod of claim 26, wherein the
tabl e shape |s trlangular 29. The nethod of claim 21,

gﬁe‘er Cirfle gﬁ@ﬂ%@%ﬁ&n%' &ﬁ%x’efﬁr}hé %’de%oéﬁta@)’eﬁ@@n%%&}’ comprises a

termned froma statistics es
cmicbock @fectibaitabl®1, wherein a codebook sel ection table
is dynamically determ ned from a nei ghboring
correlation. 31. An electronic device conprising: a

P4.0C eFROict Tl B chairh 22 EWBEEIMARE 6o dBOBRI fibah f@Rfamb orhfieses a
processor ; instructions stored in the nenory, the

Fatiebpelctdleshion kbl ngapniag ayeld nember:and addiRle (laﬁ caprdsdegefficient
retrleve codebook table i nformation

ngﬁggﬁlg {é%reanl decode significance synbol s using

t he retrleved codebook table infornmati on; decode

2 ool RRERASAE b 35 BhSiritthe SodsdSorf G BloERASh comprises o

eaRbbdicientisn tﬁn@@hﬁp}ﬁﬁg bj?dl@h&ﬁbér’f ansformto a residual
signal; and construct Vi deo sequence.

26. The method of claim 22, wherein the codebook table information comprises a

table shape and a table dimension.
27. The method of claim 26, wherein the table shape is rectangular.
28. The method of claim 26, wherein the table shape is triangular.

29. The method of claim 21, wherein a codebook selection table is dynamically

determined from a statistics estimation.

30.  The method of claim 21, wherein a codebook selection table is dynamically

determined from a neighboring correlation.

31.  An celectronic device comprising:
a processor;
memory in electronic communication with the processor;
instructions stored in the memory, the instructions being executable to:

receive an encoded video bitstream,;



32. An electronic device that is configured to code
significance coefficients in a video sequence, the
we@b®ettsws c devi ce conprising: neans for proceBGIi/HsR007/064914
means for receiving a video sequence; neans for
constructing a prediction of ¥n original video
sequence in a current frame fromthe video sequence;
nmeans for formng a residual frame by subtracting the
pr edi ct i onraficvelrederdogitataé infoutesiosifigmathefbitsireanne
original videq si | in the current fra ans for
opplying altcodnSedime yiboras il ref i tHRaRa oy
quanti zing a pl {ahddipnof transform coefficients;
means for selecting a codebook froma plurality of
codebooks terododignaicah@aweifommtofsing i greintfi@aecsynthots;

and end- of - bl ock ans for codi the at | east
one of a sﬁﬁ%@?ﬁ%ﬁﬁ@ﬂ”¢§% @m%“ G?HgW%%% usi ng the
sel ected cggppapkaverse transform to a residual signal; and

construct a video sequence.

32.  An electronic device that is configured to code significance coefficients in a
video sequence, the electronic device comprising:
means for processing;
means for receiving a video sequence;
means for constructing a prediction of an original video sequence in a current
frame from the video sequence;
means for forming a residual frame by subtracting the prediction of the original
video signal from the original video signal in the current frame;
means for applying a transform to the residual signal;
means for quantizing a plurality of transform coefficients;
means for selecting a codebook from a plurality of codebooks to code at least one
of a significance run and end-of-block; and
means for coding the at least one of a significance run and end-of-block using the

selected codebook.



