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[0004] Video compression generally includes spatial prediction and/or temporal
prediction. In particular, intra-coding relies on spatial prediction to reduce or remove
spatial redundancy between video blocks within a given coded unit, which may
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relies on temporal prediction to reduce or remove temporal redundancy between video
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unit. For inter-coding, the video encoder performs motion estimation and motion
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block occur earlier in the one-dimensional vector and the transform coefficients in the
lower-right part of a video block occur later. High energy transform coefficients
typically reside near the upper left corner following the transform, so zig-zag scanning is
effective to group non-zero transform coefficients near the beginning of the one-
dimensional vector. The scanning order can significantly affect the level of compression
that can be achieved in entropy coding.
[0008] Examples of entropy coding processes include content adaptive variable length

coding (CAVLC) and context adaptive binary arithmetic coding (CABAC). CAVLC is
one type of entropy coding technique supported by the ITU H.264/MPEG4 Part 10 AVC
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techni ques described in this disclosure adapt the
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scanning, the scanning techniques described in this disclosure adapt the scanning order
of coefficients in a block based on statistics associated with previously coded blocks of
coefficients that were coded in the same prediction mode. For each prediction mode,
statistics of the coefficients are stored, e¢.g., indicating probabilities that given
coefficients have zero or non-zero values. Periodically, adjustments to the scanning
order can be made in order to better ensure that non-zero coefficients are grouped

together toward the beginning of the one-dimensional vector and zero value coefficients



coefficients have zero or non-zero val ues.
Periodically, adjustnents to the scanning order can be
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prediction modes, and entropy coding the coefficient values.

[0013] In another example, this disclosure provides an apparatus that codes coefficients
of video blocks, the apparatus comprising a scan unit and an entropy coding unit. The
scan unit stores statistics associated with coefficient values of the video blocks for each
of a plurality of prediction modes, counts the video blocks associated with each of the
prediction modes, scans the coefficient values of the video blocks based on scan orders

defined for each of the prediction modes, and evaluates a given scan order associated
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[0016] In another example, this disclosure provides a device comprising a wireless
receiver that receives a bitstream comprising entropy coded coefficient values of video
blocks in one-dimensional vectors, an entropy coding unit that entropy decodes the
cocfficient values of the video blocks, and a scan unit. In this case, the scan unit stores
statistics associated with coefficient values of the video blocks for each of a plurality of
prediction modes, counts the video blocks associated with each of the prediction modes,

scans the coefficient values of the video blocks from the one-dimensional vectors to
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accompanying drawings and the description below. Other features, objects, and
advantages of the techniques described in this disclosure will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is an exemplary block diagram illustrating a video encoding and decoding

System.
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coefficients of video blocks, e.g., quantized
@%Qﬁ@ﬂ@rn1coefficients. In this disclosure, the term
"coefficient block™ generally refers to a set of
transform coefficients associated with a video bl ock.
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format . The scanni ng techniques of this disclosure
028 h &his slisclorere deseribes phnignes R seanameosnpEigiants pf aifico blocks,

EE? qh@ﬁm@ﬁ%ﬁo%adoeﬁic?&h&f A TR d¥sglotsﬁ%, fRediRRSIARRht block”

generally refers to a set of transform coefficients associated with a video block.

Cocfficient blocks can be represented in a two-dimensional block format or one-
dimensional vector format. The scanning techniques of this disclosure define how the
coefficient blocks are converted from the two-dimensional block format to the one-
dimensional vector format by an encoder, and how the coefficient blocks are converted
from the one-dimensional vector format to the two-dimensional block format by a
decoder. Although this disclosure primarily describes the scanning techniques as being
applied to transformed and quantized video blocks, the scanning techniques described
herein may also be applied to convert other types of video data (e.g., a video block in the
pixel domain) from two-dimensional block format into one-dimensional vector format.

[0029] Conventionally, the scanning of coefficient blocks from the two-dimensional
block format to the one-dimensional vector format follows a zig-zag scanning order. In
this case, coefficients in the upper-left of a coefficient block occur earlier in the

one-dimensional vector and the coefficients in the lower-right of a coefficient block
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scanning order or another fixed scanning order), but may quickly adapt to a different
scanning order if statistics of coefficient blocks for a given prediction mode indicate that
a different scanning order would be more effective to group non-zero and zero value
coefficients.

[0031] Adjustment of the scanning order, however, can be computationally intensive.
Therefore, the techniques of this disclosure impose thresholds and threshold adjustments

that can reduce the frequency at which the scanning order adjustments occur, yet still
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need not receive any indication of the scanning order applied by video encoder 22;
rather, the scanning order can be derived in essentially the same way at both video
encoder 22 and video decoder 28.

[0034] The illustrated system 10 of FIG. 1 is merely exemplary. The scanning
techniques of this disclosure may be performed by any encoding or decoding device that
supports any of a wide variety of entropy coding methodologies, such as content

adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding



limted to wireless applications or settings. [0033]
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nodul at or/ denodul ator (noden) 23 and a transmitter 24.

Desti nati on device 16 may inc{yude a receiver 26, a

nodem 27, a video decoder 28, and a display device 30.
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video camera, source device 12 and destination device 16 may form so-called camera
phones or video phones. In each case, the captured, pre-captured or computer-generated
video may be encoded by video encoder 22. The encoded video information may then
be modulated by modem 23 according to a communication standard, e.g., such as code
division multiple access (CDMA) or another communication standard or technique, and
transmitted to destination device 16 via transmitter 24.

[0038] Receiver 26 of destination device 16 receives information over channel 15, and

modem 27 demodulates the information. The video decoding process performed by

video decoder 28 may perform entropy decoding and adaptive scanning as part of the
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[0041] Although not shown in FIG. 1, in some aspects, video encoder 22 and video
decoder 28 may each be integrated with an audio encoder and decoder, and may include
appropriate MUX-DEMUX units, or other hardware and software, to handle encoding of
both audio and video in a common data stream or separate data streams. If applicable,

MUX-DEMUX units may conform to the ITU H.223 multiplexer protocol, or other

protocols such as the user datagram protocol (UDP).
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data from source device 12 to destination device 16.
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luma components, and 8x8 for chroma components, as well as inter prediction in various
block sizes, such as 16 by 16, 16 by &, 8 by 16, 8 by 8, 8 by 4, 4 by 8 and 4 by 4 for
luma components and corresponding scaled sizes for chroma components. In this
disclosure, the term video blocks may refer to blocks of coefficients, e.g., transform
coefficients, following a transform process such as discrete cosine transform or a
conceptually similar transformation process in which a set of pixel values are

transformed into the frequency domain. The transform coefficients may be quantized.

The scanning techniques of this disclosure typically apply with respect to quantized
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transform DCT), quantization may be performed. Other transformation techniques such
as wavelet-based compression may be used. Quantization generally refers to a process
in which coefficients are quantized to possibly reduce the amount of data used to
represent the coefficients. The quantization process may reduce the bit depth associated
with some or all of the coefficients. For example, an 8-bit value may be rounded down
to a 7-bit value during quantization.

[0048] Following quantization, scanning and entropy coding may be performed

according to the techniques described herein. In particular, video blocks of transform
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gonnlvtentional scanning order (such as a zig-zag scanning order) may adapt to a scanning
order that groups non-zero coefficients more toward the beginning of the one-
dimensional vector representations of the coefficient blocks. The decoder can calculate
the same statistics and thereby determine the scanning order that was used in the
encoding process. Accordingly, reciprocal adaptive scanning orders can be applied by
the decoder in order to convert the one-dimensional vector representation of the
coefficient blocks back to the two-dimensional block format.

[0050] As noted, the scanning order (and adaptive changes thereto) may differ for each

different predictive mode. That is, statistics are maintained for each different prediction



and may begin in a conventional manner (e.g., the
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plus horizontal, DC plus vertical, DC plus horizontal, diagonal downleft plus horizontal,

diagonal downright plus vertical, vertical right plus horizontal, horizontal down plus
vertical, vertical left plus horizontal and horizontal up plus vertical. Details of these
particular modes are set forth in the following document, which is incorporated herein
by reference: Y. Ye and M. Karczewicz, “Improved Intra Coding,” ITU-T Q.6/SG16
VCEG, C257, Geneva, Switzerland, June 2007. In any case, this disclosure is not
limited to any particular number of modes, or types of modes. Basically, a predictive

mode may define the size of the encoded block, the size of the predictive block, the size



different predictive node. That is, statistics are
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transform unit 38 applies a transform, such as a discrete cosine transform (DCT) or a
conceptually similar transform, to the residual block, producing a video block
comprising residual transform block coefficients. Block transform unit 38, for example,
may perform other transforms defined by the H.264 standard, which are conceptually
similar to DCT.

[0057] Quantization unit 40 quantizes the residual transform coefficients to further
reduce bit rate. Quantization unit 40, for example, may limit the number of bits used to

code each of the coefficients. After quantization, adaptive scan unit 45 scans the
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zilecgeea%esb‘lh(e)%ﬁreshold based on whether the new scan order is the same as a previous
scan order. For example, if the new scan order is the same as a previous scan order,
adaptive scan unit 45 may increase the threshold of the given one of the prediction
modes, ¢.g., by a factor of two subject to an upper limit. Similarly, if the new scan order
is different than the previous scan order, adaptive scan unit 45 may decrease the
threshold of the given one of the prediction modes, e.g., by a factor of two subject to a

lower limit. Upon determining the scan order of the given one of the prediction modes,

adaptive scan unit 45 may re-set the count value associated with the given one of the



conprising residual transform bl ock coefficients.
Bl ock transformunit 38, for exanple, may perform
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OR8] Bl Y51 AHRPHE VR %ﬁct??‘!r&sié’éal HBIQKE® the prediction block
statistics associated with coefficlent values of the
piodeccdbby pkeslidtion watc3? 6f peodpteirakédngtroftep vakdp dtlodnfor storage in
des ounts t i deo bl.ocks associated . wi th each of
R G i HhalSE e Rt ERER TIORE A a0 through
h Beb1vtdROfiRbAGKSnBASHRWUNY BeREabiRs Si6Fcd ifl ifthRaet frihe §REN34. The
of the prediction nodes, and evaluates a given scan

medestruged odilen blockinmgy be ghadeby orrslicfontynet $2 esliactcfasence block to
des ;based on the,statist.i,cs.of the given one t he. .
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bloek giimantheRemetodddampr edi cti on nodes satisfies a

t hreshol d of the %i.ven one of the prediction nodes.

t96H] FHG13 vt Bigck Riagraie Ahmtratng pbexaanle oherddgp decoder 60, which
&&%??é BOiHEH GedtRn&D ?&q a3 e%@@deﬂuﬁn{HeZEingﬁfrﬂ%@E%é@ herein.  Video

coefficients according to an entropy codi

defoled@) ogluded 80 58FoAddrbling wwetai? thai perfvmealye reciprocal decoding
eternm ne a new.scan .order, associ ated with .t [ )

g’r’i‘é“%‘f of i ﬁ?@\g{iﬂlﬁ PHEPTHSHEY FAERY Shfofig g%?g ARG g Video

18848 HENsO MR IREs bA @daﬁﬁﬁg Is&4n @3t @%?Fmﬂlstiﬂ&‘erééoééﬁﬁning that is
val ue associated with the given one orf the prediction

reoghescas &t the feamsingrerformeshphdhpofc sdas witidrofdite. df t he

i ¢ction node In additi.o adapti ve scan it . 45. . .
A2, G5 0rtePRET P a BT BB et G BBE of BlokikSBighin video
BhABS. - InTthe xhidpleSHfi TG St 91desl dBdbdeF 80 hisk ndG@R dptielicddn unit 54,
may conprise statistics indicative of the probabilit

of IvREse swantfZatipe Hpit VA] Yemvest tgnsiers usit SSopnd mwferengerframe store
| - o .
§%:X?&()%r%g}e%c§der %8 %%%lle(guc\?me%?sﬁm%ﬂe'é%éi 0 qghﬁéf%?ﬁ%?)ﬁfgc&{%ww also may

Fassocl at vVen on
icRdk atdcbldckipd €idtcb@me shown )t fisteAtthsbutpst effsubiheergiyven

Fﬂr(])%3]o{30rt i?l‘?ra %g(?ig:g,cgrle(%gtior? 1(1jne1tS 54 %gg clorrrllcf)lrri(seea a? SI)Sati(a)llr prediction unit, while
for inter coding, prediction unit 54 may comprise a motion compensation unit. Inverse
quantization unit 56 performs inverse quantization, and inverse transform unit 58
performs inverse transforms to change the coefficients of the video blocks back to the
pixel domain. Summer combines a prediction block from unit 54 with the reconstructed
residual block from inverse transform unit 58 to generate a reconstructed block, which is

stored in reference frame store 62. If desired, the reconstructed video block may also go

through a deblocking filter unit (not shown) before being stored in reference frame store



decreases the threshol d based on whet her the new scan
order is the sanme as a previous scan order. For

wexaspsees i f the new scan order is the same asPEI/US2008/066796

previ ous scan order, adaptive scan unit 45 may

i ncrease the threshold of thejgiven one of the

predi ction nodes, e.g., by a factor of two subject to
an upper limt. Sinilarly, if the new scan order is

i ff.e t an t s._scan ar adapt i ca
Bt PEER g Do b OB O e B R P 7 @M M st B beck 0
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to alower limt. Upon deternm ning the scan order of
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nt r opy, encodi ng unlt 4 tro encodes h anti zed
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be transmtted to another device or archive
plaz’detlon mmﬂsm cssmts theovideeblotlevasbocidted et eaguafthe patdigon modes,

42 a rse ansf or. nit 44 apply |nverse
S, (e g e KR o/ Bl Ak D e S e BRI for each of
ihe predieisit meats, bhe emﬁat@y algivhogkn bfdeh RgsoRiaxdl wHRBIfen one of
Sunmer 5 1 adds the reconstructed residual block to
theeprpdietderc modes bassé lonpthe dtatisdcshyt the ey ¢Im0ﬁﬁhretprgizcm@ modes
%51019 la‘llcceou%t raﬁﬁg ggstor u‘[:eded 11\1/ 't}?e& ké)Ill oo%le( f % re 1c Iel r{lgdes satisfies a

?erence rane s % % 87 %g

ﬂl@é‘shﬁb‘dt sfugitadven d@obﬂﬁ%ﬁedﬁ&&orﬁhﬁﬂego Babicglg hidaptive scan unit 55
deblockln filter unit (not shown) before being stored
peforEpeina %refufletsmé e pdrRiiva gcan it Aeclyi dlops, 89 enthyirgessse manner.

E}n?sc Ky TR %3@ Q%{ uBE[ T{c%h? BotAbibntBioBS Rof® %c‘?—ﬂﬁﬁensional
nt er-co

ock to i | oc subsequent Vi
farmaetor dno- dimbmmrmd)dﬁmmt fpntou me en&olgsh bnxrddng kaldxqﬁkze scan unit 55
FI G i s a block

W thin coded unit 1
Shaay) F%ﬁ‘ﬁ[.l?lF’Ptfﬁﬁ%t fiagy t q*&rpn@&\ Tb% foympf @e%e Jup-gansipal format

WG HERRPGUcBodhge0 sequence that is encoded in the
manner descii bed herein. Video decoder 60 includes an

B}%SbELG dédedi mgnozﬂpmal SHagrivat ilbetritorgneigfng seohmgochla 4 by 4

BP0 by septn S el RElop R s p G20 an s by

8 @Qéf‘ﬁdi%ﬁt ﬁecladﬂpé ilﬁ-%ag @@e&mﬁ@ s‘hos'i_?ﬁ it PRGS Pesddos Aly be performed by
i nverse scannlng t I'S reci rocal to the scannlng

DTy Aeanby wdadt pBcdsaimnig of bs cofinEIGIecs: KPOOBERd unt. As
B CH PR ST RUoPRRROE R BP0t i edgm vt on the

@dtuﬁlsﬁatlst&s a‘$$cﬁbﬁ@e(ﬂ®ﬁ@ﬂ&falﬁ:@dﬁb(ﬁdédlcﬁéﬂﬁuiéﬁsblaclw edi ct | on
unit 54, an inverse quantization unit 56, an_invers
{008AK B¢ seauRing agder @ﬁ dueterigraag seanming ghosyioeF1GS. 4 and 5 follows

the arrow through video blocks 80 and 90, and the coefficients are labeled in the
scanning order. In particular, the numerical values shown in FIGS. 4 and 5 indicate
positions of the coefficients within a sequential one-dimensional vector, and do not
represent values of the coefficients. At initialization, the techniques of this disclosure
are not limited to any particular scanning order or technique. For example, the initial
scanning orders used in this disclosure may be the zig-zag scanning orders shown in
FIGS. 4 and 5. Or, alternatively, the initial scanning orders used in this disclosure may

be a set of fixed scanning orders that may be specially trained for each one of a plurality



62. Video decoder 60 al so includes sumer 64.
Optional ly, video decoder 60 also nmay include a

waleBoskihg filter (not shown) that filters theCDUSI08/066796

of sunmer 64. [0063] For intra coding, prediction unit
54 may conprise a spatial preghction unit, while for
inter coding, prediction unit 54 nmay conprise a notion
conmpensation unit. |nverse quantization unit 56
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predlctlon nodes, counts the V|deo bl ocks associ at e
W Me éa%ﬁlaéffbetci?é'mﬁﬁi SYidcHEEAS FHHBEIE EsaTs ap halows: (Sl S2 S5, S9,

8Ges] i ¢ ant oyg! $?35 9y Whe ¥4 deo @13 K$e0afed d@@asécﬁlg numbered
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Mﬁmamtemraemomém the amatigicd eliat asssmont@Eretinstdtities oskedd of FIG. 6.

dlctlon desbs n the statistjc f .
H%ntgw%n%& [qetipgs %ﬁ%‘“ﬁ & BEmpH %o@e%sméﬁé E@Eﬂmi for a given
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g-zag scanning of a 4 by 4 coefficient block.

FI G
th§ SgAC RS, éﬁaagmaﬁé.qr 50 $Rayzadiyrg theithreshold dewnwridg and if the
Xan B dBYs not change, scan unit 45 or 55 may adjust the threshold upward.

[0069] The threshold is basically a mechanism that can limit the occurrence of scan
order changes, which usually requires computationally intensive sorting process, and
can ensure that sufficient statistics are accumulated for a given mode of video block
prior to evaluating the scan order. In particular, a new scan order can only be selected
for a given mode of video block when the count of the given mode satisfies the
threshold of the given mode. Furthermore, the threshold may adjust over time in order

to accelerate the occurrence of scan order evaluations when new scan orders are



8 coefficient block. The zig-zag scanning shown in
FIGS. 4 and 5 may be perforned by adaptive scanni ng

w@rios/1826st t he begi nning of the codi ng procesBCT/U82088/066796

coded unit. As discussed in greater detail bel ow,

however, the scanning order npy adapt based on the

actual statistics associated with the already coded

coefficient blocks. [0066] The scanning order for such

éfgref Sc?env%uns g’r? ey | Or t%l %c 311 andcursr Ifloel Ifo W érrdgr evaluations
F oW ghoViSaE0 h e k's 080  and 9, and the

caei hew ls@mt (&daﬁ eerhab&heeghnhdhstmev@@mwh dgdeed. derthislway, for cach of
particul ar, the nunerical values shown in FIGS. 4 and

5 plwidlity &f erqdessioninensiss.dhe tashniguest daseritedthereip msiyrpegform scan order

é&%@ﬁhé %orgnﬁqul W%F%é“beg ?ﬁltng of ﬁl%dcoqi% 8t until the scan order
represent valu e coefficrents.

raatlidsad btzady ani, désivablicetdiai a:qﬂemayaftheﬁﬂmafaﬂmsmammai@ saleetions less

FOt I|n1ted to any particular sca |ng order or

r%@lﬂ‘ﬁ&l?}%c 4ogrs ’é‘)@ﬁﬁ‘gPréierSt EOMA 1SSt Ykel¥canni ng or ders

Hﬁﬁﬁ] FiGphk 8 cgﬂlc%guéﬁs&'lﬁgraﬁﬁﬂugﬁat%?% hgpgfh%ﬁ‘&l %Q E'egnsmtent with

orders shown in ternative
thnd diselbswgcanmiting coadples caesBdentn atchlabeldd siclitosy r7éAnayi ”b@ as cl-

FHe Aubetegr Eikeh TIHE BF BN ir wor ) 67Dpb Balk oy ghblock 3 (74) and
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provides a good starting point for discussion of the

agdpt Blasks Edrninbe efded i scagprast osure.  Agai n, accor di ng
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unit, the scanning order may begin with a conventiona
scanni ng order, such as zig-zag scanning, but adapts

as Stgcfl é%fcgsc@%%“k@tc‘? $9 o PORIA] c‘ihﬁélka P%%%Scl pded

inth erent ‘predi’ction’ nodes ‘W t at co
unit. As noted above, however, zig-zag scanning is not

the only possible startin int for a aptiv o
IR R R h b RIS ks Ny dpipid tgi)ﬁﬁﬁiZﬁ@ stgfistics 1 (76)

%?Yesbﬂk ttl'l@kta?iﬁﬁ@ R rb@octkep *E“g q %h%u&%ﬂ&f%‘#oﬁ%nﬁ coefficient that is
arting pOI nt for he a ap | ve scanni ng t echni ques

derseerd bed vhleredizerd @tﬁ@?l}f cg‘tﬁcwet fhet ascoratepefuaio. Statistics 2 (77)

diagram,!|lustratin r t of statisti

RO srBRR pB R o BTBei0e i Zoc B ERERNER probabitiy
PAIgSY inticeivdBUehetRaIdhartoafrRamk ld%ml&p%s sheit zafb ihblobks 1 and 2.
techni ques of this disclosure. As shown, the initial

bethfiriang thy prmabredaprpbeibtytdbs ot vbefels - nsigeddaock 1 had a non-

gej’g Icn%ﬁc%ét ﬁééétq%é‘rﬁggz&ﬁ%gdcﬂ% %doas%gg %Iilﬁ 08%5]8%%%‘((&& location.
Sth’ﬁstlc§a§5(78$l@r’esdnfs’ ﬂhbic’ﬁrnba;‘sﬁ stdtl"sﬁcﬁdi”fbbbﬁijl 2 and 3 as normalized
coefficients correspond to the statjstics that

PiokpRibes. ppd stetstics th (8%) IPERSRNtEhe gembprines! stgtistiey @.ﬁt%iq(%baé 2,3 and
a()a? g&frﬁanﬁéd O‘B%ﬁﬂheso frig MﬁEechroMbﬂﬁﬁ rﬁ%‘ﬂlﬂrﬁe M?qgerage of

the Values of one or zero for every given location, wherein the value of one is given for a
particular location of the block if that location of the block defines a non-zero
coefficient. In the descriptions above, zig-zag scan is used as the initial scanning order
and the statistics of the coefficient blocks are initialized to be all zero. Such
initializations are given only as an example, and alternative initialization of the scanning

order and the coefficient statistics may be used.



coded unit. Wth each increnent of Count(node X) the
statistics (SI -S16) may change to reflect the

waeasiissgs of the coefficients, as affected bRCT/H82008066796
bl ock in node X. [0068] Algorithm60 of FIG 6 may be
i nvoked at predefined update pnterval in the coding of
a coded unit (e.g., a frane or slice), such as when
nacroblock boundari es are encount er ed. According to
@82 g g}%%’ll}glle S?f gr % t’ {Q{a%tapsm 63h%t2[*16 res%of'(ii is set at a value of 4.
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sorting process, and can ensure that sufficient
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bl ock prior to evaluating the scan order. In

particular, a new scan order can only be selected for
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gi ven node satisfie@s the threshold of the given node.
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until the scan order reagches a.steady angﬁdeS|rab
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Ede@ﬁé{@tﬂg | % 8% GOARGRS SRR, AVEER SisPEGRTEen €9 fth the statistical
likely. [0070] FIG 7 is a conceptual diagram

flistribstiombf thy cchicpothef the azldeek)qukis d-€6Msi731 Bht/Sihvceded in a given
thi,s .di sclosure. In this ffi.cients

PRYBg e e AW Hh T 1R 0 GRED HELEHR rdth e techniques
60@fsf disdl ke May gﬁﬁn ro%?ﬁl\grbf inBn RO ctfidichdy neal kiRChegining of a
(73), block 3 ock 4 (75). Blocks 1-4 may
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stanni n
ﬁdﬂ%d@ﬂ@ﬁﬁﬁgam&bpyh@ﬁﬁ@ﬂ in the follow ng order, which
is consistent with the illustration of FIG 4 ; (c

{0973 Burthagmoges thrgsholds are defined jtplimg the ogquareneg of sc%lgorder changes
Ghée s&h%ha@e@equlre computationally intensive sorting process, and to help ensure
that sufficient statistics are accumulated for a given mode of a video block prior to
evaluating the scan order. In this case, a new scan order can only be selected for a given
mode of video block when the count of the given mode satisfies the threshold of the
given mode. The threshold may adjust upward or downward over time (subject to upper
and lower bounds). For example, if a scan order evaluation results in scan order
changes, the threshold may be reduced so that a subsequent scan order evaluation occurs

more quickly. In this case, since the scan orders are changing, it may be desirable to



Assumi ng the statistics of coefficient blocks are
initialized to be all zero, statistics 1 (76)
wo epBasem s the statistics of block 1, e.g., wWE€TUS2008/066796

val ues of one for any coefficient that is non-zero and
val ues of zero for any coeffigjent that has a val ue of
zero. Statistics 2 (77) represents the conbi ned
statistics of blocks 1 and 2, e.g., with nornalized
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one-di nensi onal vector, and zero coefficients at the

dimensioarl eseffipet vestarseaqaeding dbatsian erglerst definsdt fos n@ach of the

%%g%ﬂgn gx? éi%%?é%% %?igévaitﬁgégs ng%ne déag %%érrgatsg @atéds gvhtﬁ a given one of

theagreditgorofrmddes badall ioketht Reatizii Q- efadic Sgﬁ@dﬂlnd)ﬂtgoﬁ/\ihle%edlctlon modes
al ternates between the horizontal dinension_ and the
VEER QU HEH 8p9Rtatsguaith yhe giyen ag of dhs Pesdisgien modes satisfies a

gﬁ&'hmdtéf il %ﬁ%ﬂ She O Elﬁeg{grb&)i@%ﬂ I’I%désn(Sté@.e T}{@I{,tfbﬁajving this scanning
I mensi on. at 1s, t

process, entropy encoding unit 46 encodes the one-dimensional coefficient vectors
according to an entropy coding methodology (85).

[0076] Adaptive scan unit 45 may determine a new scan order associated with the given
one of the prediction modes based on the statistics of the given one of the prediction
modes when the count value associated with the given one of the prediction modes

satisfies the threshold of the given one of the prediction modes. In addition, adaptive

scan unit 45 may adjust the threshold upon determining the given scan order. As



new scan order goes through coefficients in the

vertical dinension faster than the coefficients in the
wherosasnssal di nensi on, which is consistent w tPCT/H82008/066796

statistical distribution of the coefficients of the

video bl ocks 1-4 (72, 73, 74,245) coded in a given

predi ction node. Thus, by using past statistics to

define the scan order, the techniques of this

gllgéc’l?s]s IOCI etﬁ%srﬁayclcgs}lretn?he %cgt{s%ﬁg 8 ngd y (Pag)%igeﬁ %cgaa unit 45 may comprise

shestids MRRNGIO B lf théﬁp‘rbbziblﬁﬂi& Aah® codticientcadidsibeirgicso or non-zero,
near the end of the scanned one-di nensional vector.

ghpassibishothgr Wpe&:%statiﬁﬁi%@éﬁqaﬁée pEthel prebabilgips o sa¢féisicnts values.
i__lhgﬁeh&& aﬁglﬂ %glf gﬁ'ﬁ 48 Qie%%{n%p nc‘eW:i CQH orcﬁeQQiZs%Jmated with the
urther r es

S are |ne
gi(velm rdnemfethaf prediation mokefes dhaactyes the nm&lsﬁusc bf alimrgg&ﬁ one of the
QU|re utationally iptensiv sortlgg g& cessh ﬁ
SIEPD KEbr 610 RgFaw 1B e b direntio on whether the new

?&ﬁ%%@r%ﬁg sgrﬁé a@aﬁf @Pﬁeorgér a video block prior to

eval uating the sca In this case, a new scan
&) Foraexaopley ifathe seWecetIE@rdf:Ims tlee sgurrweas apdeoud soan deder, adaptive

ock en the coupt ,of .t at i sfies the .
SR SR Gt RS UREHBE e e % TREEAERY TihisCEig fdpper fimit.
UM, OF the QWA o RMETs diFfBRn{ ﬁidﬁ]tl@&f)rebﬁ)ub‘ BRI ord®d adaptive scan
| ower Bounds For exanple, if a scan order eval uati on
pis 4p trgay de@@a&ﬂ the duesholthregesby tahfactonoé e sgbigalytope lower limit.
ﬁ?c uﬁgt%rnngl(rl)lé& h%te ngwssléepr}s gr %ﬁ natdapitgvge&c% gn%rf 4§2@aé/ur%tsle{) {fle count value

Asa€ined avieh Gli'@ggileﬂg)nel of 1heyprodictias hfoabé e Dagpseshnblénto a one-
occurrence of future changes to bring the scan qrder
fimcasignaltferprf. eitiopy cnexdinhanibtherrapairacodes the celfjpient vectors.

(ﬁg FRYaE%' %?%gﬂﬂﬁ @n%{%/ dg?ﬂhtlllusrﬂraﬁ %ﬁ%dggt%rscannmg process

increased: so 1
Ehabmag beperfemanl or chan ueit db wdtvideo dnaddes SDRN&r2)taad scan unit 55 of

occur t hi ase, since sca rder has not .chan
V‘tde‘?réiﬁ%g égsﬁ%.léb?é e RS of HAOf r%e%?éﬁ%RFabifor &R Sied unit,
Rﬁﬁlnu%d&lnmﬁ{s ReP bR ﬁs@ﬁﬁ%l@ﬁﬂ%an‘fé@a&g@%dé's@&@en%@eﬁcﬁtlons of

eval uations require the use of processing resources.
fthmse(sugtpassliots)t orrawthst dldaplqndsmlwechttogdaidy uey af yztdeo sepaance.

PO S ESSEART o B o G BAE RIE o e oot

Lhifr91)t | Jth&@awerisy atoﬁhe fb%gfﬂn PpOET a EdAleUR d10BSthdScanning order is
changes becone less |ikely 074] FIG 8 is a flow

tiitdizedn The eyt g@lpﬁsgfog CYAIH m@e(aire @,et to eqve.caidrie tresholds are set to
%F Eﬁgéénv%lue 1? n soaUSalgé) s 4% todgg ﬁlgt E&te% &{ds léP %g "“blocks and a
f e video

rate rom pers

€41600£2 f&tnods @lﬁzarcoﬁSSpbh@ tS8 @p SGflo@km rAaple B@;ﬂmrﬁgg 084 8pw coded
85) is after the step of scanning From t he

paif. sidistiesef @effigiang Jeﬁwb& Baeqve@omoeéwegfsep}nw@hm eihgy to all zero

or other statistics based on empirical training. Scan unit 45 applies its initial scanning
order (e.g., zig-zag scanning). In doing so, scan unit 45 collects block coefficient
statistics and increments count(mode) for each mode identified for the scanned blocks
(92). This process continues until a preset update interval is reached (93). For example,
the preset update interval may correspond to a macroblock boundary, or another pre-
determined interval.

[0080] When the pre-set update interval is identified (“yes” 93), scan unit 45 evaluates

the scan order. In particular, scan unit 45 determines whether count(mode) satisfies the



codi ng (step 85) would precede the step of scanning

(step 83). For exanple, fromthe perspective of video
welewsdeneHs0, the steps shown in FIG 8 may be PEF/82008066796

in the followi ng order (step 85, step 83, step 81,

step 82, step 84). For purposgs of sinmplicity, FIG 8

is described bel ow fromthe perspective of video

encoder 50. [0075] As shown in FIG 8, adaptive scan

Va?s‘ﬁgﬂ'ist R E@toedse géégt IIF tﬁé n?or glg%ﬁle 1%1%’\41% g ot aelrs the 0%%61‘ modes,

pEeain€it hiothdmdass 48 kkamaid (COWNt Eortdhe gi{zéilefho@é Qﬁlﬁfe count(mode)
associated with each of the prediction nodes (82).

dishey the t@éﬁwl%hb’ﬁs’w)t fvam usi 4pdnvokes & saiting dnelen, which updates
Ml ??rrc‘ idﬁ puas Ak %‘85@111!11% LRSS EOHLRBLe. . If the scan order
coefii cien vec ors accor o scan orders défined

ﬂmmgaaabaoéaﬂmefﬂmedpwﬁennﬂnndﬂﬁ(ﬁ&ﬁ)C&aﬁd%svahuahﬁs4ﬁrahwes

freneddor fsaawbadlh ohensaoufy ors oot ay vt of s
htOin Hﬁgscgﬁ %gdéft(* W IDISSNRIEN 48 ifQERES ﬂﬁkéﬂﬁod%@r that mode

aSSOC|ate he gi ven one of the prediction
€D HNsi agfse>a1ntph¢ ehd:solldcredses I(]%)gar\reduo(anes O¥7) tilmn¢he thresholds may be

rEeCl BBRany e RbumnlPhnt ZabThEed) BpEEARTONE and upper

PAErddl RO $dvedRahd Ql?ﬁérfuo%h@snﬁlay 86 fsém 4&6?%6&%@ &rBpond to 4 by
entropy codi ng net hodol ogy (85). [00764 Adapti ve scan

ﬂ: P@ﬂqck& gndmy/ahﬂéwé anﬁOﬁ sodenthat sersgsponditer 8 hx Sddpeksedn whis gxample,
]tngia]t t%resﬁglﬁ {nra]lg 8 s\e/tg art] %geklégvg?gglﬂ%(sj ?nsorgastt%qn\(f)o ¢ sal%ng as quickly

mﬂﬁmﬁbhﬁmﬂﬁw&@1Mﬁkugnﬁ@500|ated mnth t he given one of
t he ﬁredlctlon nodes satjsfies the threshold of t

HIO§Eh Onefe therscrmm ards & & 8iveh Madds updatedfidithe ﬁount(n?ode) for that
%%ﬂ@ﬁ 5t 3§ %}o @? i ﬁBé{esQ‘fJﬁ etrﬁ?l K AU ggﬁilﬂgﬁ in%odes need

eterm ning Iven 'scan or discusse
thi lse:émunai (1t0|0¢ %aq)rm:‘esscmnsmmm byivad apdddvenis Gan, a frame or a
rise statjstic ndlcatlve of the
Q Cbitorre SEAh A U FRETERt) T4y pesuhheigths @y qaded unit is
BRRuEefQ, Or possibly other types of statistics
i ndicative of the probabilities of coefficients
{0982k he tqqhmqeess)fahipld@clquapnawbe sebpneduinia wiglg variety of devices or

t
S R R T PO Haee AR S5 gl cholf DG Fetcs die.
L RRiPis¥en AR @impoRentp) BRGIE U} WREEBaveabénl AGEAB&E Provided to
or decreases the threshold based on whether the new

eapirsedapctionat pepestsrrad gdpea net aeqesisils exire rrgaization by different
ngwlknng exanple, if the new scan order is the sane
a previous scan order, adaptive scan unit 45 may

[MBBPASieortiiﬂglyt hﬁ@@blﬁhqiuesﬁlegcrlbebmeﬂauﬁ atlyde iafpldivdnted in hardware
subject to an upper limt. Simlarly, if the new sca
stteare. frmyyare.cRteiiy qombinatioe thireek o@@/ Eaamnepiieeribed as modules or

@&ﬁlp&ﬂe}{f‘s m&Phk implemented together in an integrated logic device or separately as
discrete but interoperable logic devices. If implemented in software, the techniques may
be realized at least in part by a computer-readable medium comprising instructions that,
when executed, performs one or more of the methods described above. The computer-
readable data storage medium may form part of a computer program product, which
may include packaging materials. The computer-readable medium may comprise
random access memory (RAM) such as synchronous dynamic random access memory

(SDRAM), read-only memory (ROM), non-volatile random access memory (NVRAM),



unit 45 may decrease the threshold, e.g., by a factor

of two subject to a lower limt. Upon determ ning the
W@ewWsssams or der, adaptive scan unit 45 may re-BEL/US1968/066796

count val ue associated with the given one of the

predi cti on nodes. Once scannegg i nto a onedi mensi ona

format, entropy encoding unit 46 entropy encodes the

coef fici ent vectors [0078] FIG 9 is an exenplary

¥ ustrat an adaptive
e S8 i haBb e BTeRRARE S TFEEROND. B G emony.
ﬁﬁglﬁdﬂccér @tlcahdats G;ﬂﬁlagmﬂnbd155arﬁf theéi @0 Tee Qﬂﬁﬁlqﬁ& &dﬁht@nally, or
The process of FIG 9 may repeat for each coded

alﬁﬁmatlmbfa.rﬁay boawdizethpt arteip Y idsEMMgrvE iRl communication
a‘ﬁﬁrc'thg{ a%gé &e&ﬁﬁ %Sﬁ&ecod%qgttﬁeo{aﬁng; nflsr S'ns(osr%pa tructures

as s |cess, or anot her 1 ndependent eco e unit ot

andvihdieande quensel, re[aﬁQaﬁﬁlYorAﬁec&hm/\by a norﬁplﬁer 9 scan unit

45 initializes its scanning order for a new coded unit

@ﬁ‘l The, cadharaywisr geecu I?Shén‘{‘oéélf?ﬂ{? GOBPSAUS:f USRS g or more
1,t:Ce, er [ u

§1§|hgle gléglre gd\}g%k%ggpg)r ege'élzlial [Béﬁ'g&e&'re oﬁl?&ioprgb(ﬁs&@ ik application

sfiecdEhotegmtat araes (ASIGy), field tpredrammlable, logia ahrags (PGAs), or other

val.u f. 41 nodes that. cor spo dt b

SR ed ipGetefia S RgTe datis TR A talduely ths Tam otCessor,” as
dedesoin Maytréfer ;yrHlntlﬁhgfo@é ot EMIcRPEISTarydther structure suitable for
statistics of coefficient blocks for every node are

Enplempriptompf tl@dteclmlwﬁérdes@ﬂmdl hergipo I@raddttwéls in some aspects, the
uncflona 1t§{ flest%?‘l & orlrél gcal LI (r:][grlowtda Wlthnlg dec§ a%ed so \ézar%Smodules or

sﬁawatelwddulégbo@ﬁgﬂ@ds& cr6ding Und Hedbalirg bt ﬁl@bli‘pobit@.tﬂﬁ a combined
coefficient statistics and increnents count(nmde)

widen chender-rerodet (GQAECHr Alire i tenbrigues weldsbe 53l mnnlﬁrgented in
Bﬁ&&ﬁﬁﬁﬁqgggﬁp@ﬁggggkhgn% preset update interval is

reache or exanp , the preset update interva

[85 L Variesspaspdcts ofaheaiischishimc kaveoboed adegeritaxd. afibe hniques have
re etern1ne i nt erval 0080] . When th re:set

Bistadssciibate Pelghirem %f fa 0@?593 bogfligient pf tragsformed

%ﬂ@d) BRICRS, ﬁlﬁ' ni ﬁtaﬂs@ LASI - to s@atﬁfi’ﬁé bEBINRF typ€ 8P cHéf‘ﬁheﬂé of video
det erm nes whether count (node) satlsfles het hr eshol

b]hp]%h@m;@ea)mplgﬂr)f schifining tof (Pixad"vaduiy orsozthq:r uypq:st of} Bon- transforrned
co ers t al | des. .

%?ezﬁ(‘elﬁré‘[ﬁ]Oﬁg u?sleb%?matg% Wltin‘g}&@gl?}gﬂ(sﬁ%ﬁg 1mp]f:m[eﬂtgd e ?echmques of

R BisE10BEe )cog Rt ép?)ﬂ}l' @ shdheschhigs hottdsd aN®stheP4dpecBCaB within the
unit 45 i nvokes sorting function, which updates the

@E@ﬁoﬁﬂ@ébUQ@@¥Cb@§éd on the accunul ated statistics

for that node. If the scan order changes as a result

of this update in the scan order ("yes" 96), scan unit

45 reduces thres(node) for that node (97). If the scan
order does not change as a result of this update in

the scan order ("no" 96), scan unit 45 increases

thres(node) for that node




(98). As an exanple, these increases (98) or
reductions (97) in the thresholds my be changed by a
wWo 208057266 two (i.e., nmultiply by 2 or divide BYI/B2008/066796
subject to |l ower and upper bounds. The | ower and upper
bounds may be set to 4 for nogles that correspond to 4
by 4 bl ocks and a value of 2 for nobdes that correspond
to 8 by 8 blocks. In this exanple, the initial
biégégglds may be set at the |l ower bounds in order to
'sorting as quickly as possible follow ng

initialization. [0081] Once the scan order for a given
node i s ugdated (95), the count(node) for that node is

Feset Ataethed of qogeng Copfficigiitpeiosdea hepksy Bcangthodeomprising:
whet hﬁBrlﬁg gtlaﬁétﬁ Qéso%%ﬂ%mﬂ?@o%fﬁ&exﬁ% ﬁ%@gf 1@1@@ ({eg)%q)acks for each
The process con ‘hues as a given cod
6fapmwmmyafphdm&@nnﬂdagded That is, a new
|n|t|aI|zat|on occur . when t he. pext coded n|t

i s entVWHNE Ffé‘dv %lsg? S appRe! t?—;chHﬁﬁﬁfé’so fhe pigliction modes:
di scl gSHh&e @Weycoté?ﬁ&@[ﬁ |V'al%1%§jof ﬂﬂe Fiddb P ke 'bhs%ﬁ%n%f:an orders defined
devi ces or apparatuses including a wireless andse
emcta¢nofee ateddtionmendics; (1 C) or a set of ICs (i.e., a
chip se Any . co one nmodul.es . or .units
descr ?@i%ﬁtlag A R SR R R Q‘E%%P@ﬁ%sﬂan
088 hiRtd B ARSSATEYOMBILINVER of & thE BddRRioR Yndlic§ H@ESRount
hardware units. [0083] Accordingly, the techniques
veue pispelatop evit the BWH pec bl erashation merch sstéhiias e threshold of the
sof twar e flr o ANY conbi nation thereof. Any

1ven onc of t(l:} pred 108 CRc

edtures de ul es or conponents may be
inple&ﬁnk@donm@eh&@kﬁﬁﬂaanmhmgegrated | ogi c device or
separately as discrete but interoperable |ogic

devices. If inplenented in softmare t he techni ques
BBy DL ARINASE cim!1CAftthel Dorfitidind) 2

conmput er - readabl e nedlun1co i sihg instructions that,
vvhen éotecnihimg,a reev fcan oElco asoointetovich the givee OITEDflﬂﬂ?pl‘edlCtlon

crlbe The ¢ ut err ea bIe data stora

?%}?ﬁswﬂg%n ?@@Fﬁﬂﬁ%ﬁofag VEDARUR RS Brediiampdsy ng?n the count
Vz‘ﬁlh@ B sBEMtel Q\ﬁih‘%ﬁ@ g%ﬁ KRIbNG e TR B R rﬁode}:@ﬁlsﬁes the threshold of the
conput er - r eadabl e”nmedi um may conpri se random access

gemwpye ¢iRAMpraslintionasodsy.nchr onous dynami ¢ random access
menory (SDRAM, read-only nmenory (ROM, non-volatile
random access nenory (NVRAM, el ectrically erasable

Br ogr RFBRIRIE_RIAN FurtRMEBspridEE?ROM , FLASH menory,
magnetic or optical dat a storage nedia, and the |ike.

The t @bhﬁlﬂgd@%tha%dipkda odrilag giyen ene eff the prediction mpdesragorpastjusting
{h% iV Srdereg‘f5 h éﬂleﬁ ﬁg% oP%e%r&Q%%tﬁgd [eadabl e

ni ca ion ne carries or connunlcates code
|n the formof instructions or data structures

4. The method of claim 1, wherein storing the statistics comprises for each of the
plurality of prediction modes:
storing statistics indicative of probabilities of the coefficient values being zero or

non-z<ro.

5. The method of claim 1, further comprising:
determining a new scan order associated with the given one of the prediction

modes based on the statistics of the given one of the prediction modes;



and that can be accessed, read, and/or executed by a

conputer. [0084] The code may be executed by one or
WOorR0s/1§eeessor s, such as one or nore digital BCYHS2008/066796

processors (DSPs), general purpose m croprocessors, an

application specific integratgg circuits (ASICs),

field programmabl e | ogic arrays (FPGAs), or other

equi val ent integrated or discrete logic circuitry.

Accor di.ngl the term,"processqr," as usea her ei n.
AT or oty st & e RERE 85 2 Blovipud Spdt G fled HoFlalind e

thiréshioldusfehsgilve@bneofl the predfttienemdas;i on of the

techni ques described herein. In addition, in some

as pectfdhe neve sqagpedqrondificrapt Hhaa dhq pewioneswn Rrdpydagecasing the
Hﬁ%}ﬁpﬁ%‘% i éi%tporgeegf} tﬁé‘br%ﬁic%gﬁ VR dul es or hardware

nodul es confi gured for encodi ng and ecodi ng, or

i ncor pescatirpctht townt velb iassediatiddeith thio@ivbarondef dagirediction modes.
(CODEC). Also, the techniques could be fully

i mpl emented in one or nore circuits or |logic elenents.

600851 VAl RUSrRRRAAL Wheieid fME gqgilgr\; %g gfe%iéi‘i%}{ SdeRe t@%nelprise a

descri bed. The techni ques hav scribed In

plurdliex of fra poaietiongnades tindn phualitg of oveffredictarm modds.
transfornmed vi deo bl ocks, but mght also apply to

scanni ng of other types of coefficients of video

bl ock$he Rtho@%6EREMB 6, | f scanni ng of pixel val ues or

ot her types of non-transformed coefficients or val ues
assocWheisth thi iragradietion wedes eparpsise apluatitioéd, byt/hlema intra
techni ques, of this discl re .could apply to sugh ..
DR a gty SRR HER R SRR R A Dl 16 b
06 Iinteintre lpkatidtivg neddk rmmdQLpNilybty df.8 By $reliloan iffra prRdictign modes;
coefficients of video blocks, the nethod conpri sing:
@Fbring statistics associated with coefficient val ues

of th i . . pl i t-v,-

or edi SR BATE4L A ARG @Bkl mades, o
vertdspealihg wfa 4 he 4l @i stAci and anBdesy blsclasine.ng t he

coefficient values of the video bl ocks based on scan
orders defined for each of the prediction nodes;

gval Ught ﬁﬁt@dgﬂf\éﬁamga/ﬂel%m&%m%ge&ihgtc&qpﬂ@és%ﬁaab Yl

one of the prediction nodes baséd onthe statistics

tdreng)(GAVLEONer afntext edantivd ibotarparithowts codieg (GABAGNt
val ue associated with the given one of the prediction
nodes satisfies a threshold of the given one of the

pr Iedi Thé ARtHRAGESlaidNdfi@ihef BMpe@sl Hhet i g eRedderidi@tvalues via a
val ues.
transform of the video blocks from a pixel domain to a transformed domain.

10. The method of claim 1, wherein coding comprises encoding,

wherein scanning the coefficient values of the video blocks comprises generating
one-dimensional vectors of coefficients from two-dimensional blocks of coefficients
based on scan orders defined for each of the prediction modes,

wherein entropy coding comprises entropy encoding the one-dimensional vectors

after scanning the coefficient values.

11.  The method of claim 1, wherein coding comprises decoding,



2. The method of claim1, further conprising:

determ ning a new scan order associated with the given
wor@sns726the predi ction nodes based on the statPGL/USR0%666796

the given one of the prediction nodes when the count

val ue associated with the givepn one of the prediction

nodes satisfies the threshold of the given one of the

prediction nndes 3. The net hod of clain12 further

g?n{)rhleﬁﬁ dsca]tl 1ihe (%g%fhcwnt[ Halﬁ%sh E Hlde? EFOCE conrllprlsg%ﬁeneratlng

@Vdi&fmdhfsmhﬁlleol@dks of c@éfﬁm@ﬁtstﬂw‘n @ﬂi@dﬂn@dnls@ﬁal%d’@ﬁs offeocTfiteents
nmet hod of claim 1, wherein storing the statistics

basa PN se2d greers daineddpr £38 opithe Rpdicyorpmogesedi ct i on
mod eswh&Ieﬂ];éf i ngtcg&hgl b e@n e@%h&%z& X@coafngﬁﬁé’m&h{eﬁlg‘aﬁal vectors

of the coe elng ero or “non-zero

phier tostdmcheothe codtinieds, valwost her conpri si ng: det er m ni ng
a new scan order associated with the given one of the
predi ction nodes based on the statistics of the given

@@e Ofnd Hl%th%%@'c&%qnfdml@{?éoﬂléraﬁﬁgeeﬁ%ﬁ e s‘%‘éﬂ' Sfde!rssdeﬁned for

the same as a previous scan o |ncre sing t

tdvhed ol wrediftierhmodésvat a posrectapdathentpveldi ct i on m)des i f
the new scan order is different than the previous scan
order, decreasing the threshold of the given one of

ihe pTﬁQhﬁiﬁo@%f@ﬁﬁﬁﬂ wabdin e $RtRddNY rdpeeted @ Hacly 8f #Blurality of
associated with the glven one of the Eredlctlon nodes.

edettvaitprienhtoamar Vldqxamuqncewthé iesithpd fyet ﬁil anﬂmristrgg of
B{ Zgl gn:l : agl%ln%gee gca%oo ers %ﬁe s%at?sltltég éa 4ﬁ1¥ olds otrregch ?f thg prediction

mode&spriof.to ﬂfé&nﬂﬁ@@@ﬁn@fep@ht@d mr@acN\BEﬂle Iplhrﬁlh? off Béded units.
predi ction nodes conprise a plurality of 4 by 4 [uma
intra prediction nodes, a plurality of 8 by 8 |unma

M‘t rasR', gér £uls k¢ B0, @%06@10%'11 Wi deb b@(ﬁckg'ﬁtppgp%ﬁatgy%nprlsmg

tra pr I ction no plurality o
chronmsumhmathﬁedlctlon nodes; and wherein the inter

predi cti on nodes .conprise inter dlctl

cor r espondftAEFS S %%Pcwt%f che&stigeaat %"ngl%eo blocks for
bIockeém%@apﬁﬂﬂﬂg%fgggmggnq&xggaln11 wher ei n entropy
codi ng conprises variable | ength

counts the video blocks associated with each of the prediction modes;

scans the coefficient values of the video blocks based on scan orders
defined for each of the prediction modes; and

evaluates a given scan order associated with a given one of the prediction
modes based on the statistics of the given one of the prediction modes when a
count value associated with the given one of the prediction modes satisfies a
threshold of the given one of the prediction modes; and

an entropy coding unit that entropy codes the coefficient values.

15. The apparatus of claim 14, wherein the scan unit:

determines a new scan order associated with the given one of the prediction
modes based on the statistics of the given one of the prediction modes when the count
value associated with the given one of the prediction modes satisfies the threshold of the

given one of the prediction modes.



codi ng (CAVLC) or context adaptive binary arithnetic
coding (CABAC). 9. The nethod of claim1, further
W@ vpns=essg generating the coefficient val ues RCEHUS2008/066796

transformof the video blocks froma pixel domain to a
transforned domain. 10. The mgghod of claim 1, wherein
codi ng conprises encodi ng, wherein scanning the
coefficient val ues of the video bl ocks conprises

nerating. one-di nensional vectors of. coefficients
?&on1?&%? e %?d%% g?@@fgﬂ% CCEHYHEi ents based on
scan adjdgs thedplchiigd of Qi g@adldnelof tHeeradietbnCibddd uppa@gjusting the
wherei n entropy codi ng conprises entropy encodi ng the
BIYEL searerdqr o Hic gieen Yresofahe piedisHamAIodes-t he coeffi ci ent
val ues. 11. The nethod of claim1, wherein coding
conpri ses decodi ng, wherei n scanning the coefficient
Val ueThoippakrauyeftiéambl 4 eksraotherscaesnigfen eadt dfibe plurality of
tmg:dinensiqnal bl ocks of coefficients from
BRElCHPIBIgESnal vectors of coefficients based on scan

or der gofAetiRestsfiRdicRAcd g%btajﬂﬁiti@g §6IhE bR ARAETues bteihn§ ZEero or

wherei n entropy codi ng conprises entropy decodi ng
oorezaddrensi onal vectors prior to scanning the
coefficient values. 12. The nethod of claim1, further
conprising examning the scan orders defined for each
of. t henpa et GCIARORS whredn MeQc&Einitpdat e interval .

13. The nmethod of claim1, wherein the nmethod is o

r epeat@erniings arpvhseh oadgslagiogiatqdywigh thepdieat angiof shetprediction

;n%[i?s] Baa‘s\e/& 8'1? DheSEMROCS thé h'%eﬂnoertleih ﬁfdthg u{etdpc%tron%?ora%g'l sing.
|n||a|2|ngtescanor ers, e statistics and

t hr es{fehdsew sdan@addt iofhclshiic s & gicdidueRcaEes:, fiickdakestthe threshold
the nethod being repeated for each of the plurality of
elhe givgniops of the prodictigniaedasus t hat codes coefficients

of vi ﬁecﬁ’e 1%\)9 %ﬁﬁ'or&é}qs &’i@i@%mﬂﬁéﬁ tlcféé[g@{lf&:otﬁ%%h o) c?,cc?e@re;dggstthe

that: stores statistics associ at coefficien
tha¢shekl affthd fiecv otteal thé prdictibomoglacandf a plurality of

redi ction, nodes; counts.the vi deo.bl ocks associ.ated
Wi th B BF oW valug dpoeia mg@;glm of prédiction modes.
coefficient values of the video bl ocks based on scan
orders defined for each of the prediction nodes; and
€Val udhesprmraguveliclgoalt, shdmin Hepbobtyed prddidtioa ngddesigomprise a

n. the statistics of

ORE By obTa REG BN 2bf & T BA b luiRaRo G Modd:
20. The apparatus of claim 19,

wherein the intra prediction modes comprise a plurality of 4 by 4 luma intra
prediction modes, a plurality of 8 by 8 luma intra prediction modes, a plurality of 16 by
16 luma intra prediction modes, and a plurality of 8 by 8 chroma intra prediction modes;
and

wherein the inter prediction modes comprise inter prediction modes

corresponding to a 4 by 4 block size and an 8 by 8 block size.

21. The apparatus of claim 14, wherein the entropy coding unit performs variable

length coding (CAVLC) or context adaptive binary arithmetic coding (CABAC).



count val ue associated with the given one of the
predi ction nodes satisfies a threshold of the given
woe@sas72ethe predi ction nodes; and an entropy cROI/H§R008/066796
unit that entropy codes the coefficient values. 15.
The apparatus of claim 14, whgrein the scan unit:
determ nes a new scan order associated wth the given
one of the prediction nodes based on the statistics of
Vg leugll"ﬁen glna sog ctle;]l{enh 4{ Edrltlgetr cé&prg'sérgg 3 ]tra{lﬁg p}mla (f‘hogig%nerates the
caudgsicsatalgh visa ﬁrhﬁfdrhfcﬁ&ﬁ@bﬂe@Bloblaefrgﬂn\aqﬁxamengtn fohe
redi cti on npdes. 16. The apparatus of claim 15,
@medtdegraiiban unit: adjusts the threshold of the
gi ven one of the prediction nodes upon adjusting the
gi ven scan order of the given one of the prediction
P desThd dppatdies @fpamatd) svhefeirc thai ap”pfirét;us wherdes ﬂletvﬁ&oslﬂmks
uni t fgt each of the plurality o redicfion no
st or eWNEiCHY 116 pFARINE M SRFIYES SPCHHBTSIANA YSCius 8 Coceiﬁfémnts from
GRS Gk onk1 t}{&%klé ©F c@&‘ﬁ&gn% %ﬁ&docin Seen o?a%fsodeﬁﬁgd folR&ch of the
apparatus of claim 14, wherein the scan unit
ﬁeﬂ@ﬁnﬁn&@eaanéMIscan order associated with the gi ven
one of thetﬁredictio%4nndes ased 0 Ef St?%IStICS of
the gMIEHTHAE CBFORHLIBIHICITORY FRRASS thePneRIMANoTEE Yyptors
Qﬁ&ﬁﬁeyﬁn&h?uﬁﬂ@&m@%ﬁﬂxﬁﬂﬁﬂ&ﬁwﬁhé§an Ofdef, i ncreases
the threshold of the given one of the prediction
nodes; if the new scan order is different than the
gjli \e/\éln(ﬂéf] epsp%?a 1ttsnofd c?arlgl n C;\:)vrh(eeﬁe?ne taggartap eco es Ehe Vi 9 et)locks
count whaﬂeﬁﬁhasmm@tm gihéatck Iﬂ@ogiimemcmaEbloékst dfeoefﬁments from
predi ction nodes. 19. The apparatus of claim 14
onfefidensiond visrigreefiqogftisienty kaged on sranoperes defdied ipiseach of the
tra prediction nodes and a plurality of
ﬁ%ﬂg@hg%§> %f&gn nodes. 20. The apparatus of claim 19,
wher eivherehethe Bnﬂr@ypafoeldtgatmmmtmpyi dscodoshcione-damensional vectors
lLurality of 4 b | uma, i ntra predjction nodes, a
Ei"arrtaiﬂiﬁt agjing uﬁi S ifghg ?ﬂqfﬁmfﬁtevail@@-i on nodes, a
plurality of 16 by 16 luma intra prediction nodes, and

a plurality of 8 by 8 chroma intra prediction nodes;
2ahd The apparatus of claim 14, wherein the scanning unit examines the scan orders

defined for each of the prediction modes at a pre-set update interval.

26. The apparatus of claim 14, wherein the scanning unit repeats its store, count,
scan and evaluate operations with respect to each of a plurality of coded units that form
a video sequence, and wherein the scan unit initializes the scan orders, the statistics and
thresholds for each of the prediction modes before the scanning unit repeats its store,

count, scan and evaluate operations for each of the plurality of coded units.
27. The apparatus of claim 14, wherein the apparatus comprises an integrated circuit.

28. The apparatus of claim 14, wherein the apparatus comprises a microprocessor.



wherein the inter prediction nodes conprise inter

predi ction nodes corresponding to a 4 by 4 bl ock size
w@rwsasr28 by 8 bl ock size. 21. The apparatus oPCTUS1008/066796

14, wherein the entropy coding unit perforns variable

| ength codi ng (CAVLC) or contgxt adaptive binary

arithnetic coding (CABAC).22. The apparatus of claim

14, further conprising a transformunit that generates

%ﬁ?e cgef ];Ill N ite%-qrt ad\allg i Vrinaoa %iri%n ?11;5 | n‘giooﬂc té&ﬁe VIil ggeocution ina

‘ocks PrENA le o T8 A NS S e dERAMTS

Yideo Thdin@ppataduse Bk deliat 1o datle cobficeing dfvedcatdedka] wherein the

encodes the video bl ocks, wherein the scanning unit

wetaetions sausadhadavissdPonal vectors of coefficients from

Svo- di . LY '

or der SOFOTH R gsEpAEET b SOl L AR Cor AP PR BIoRE A cach of a

pluedley of priedicon mogdys;codi ng unit entropy encodes the

one-di nensi onal vectors after the scanning unit scans

the cHUMf e adre Rlagkgassocsied itk caghpif wiedishon maey: 14,

wher ejn, ke RAPRALALURIISEAL SRich Bfocks @%d?ﬂ%@é‘ﬁs@rdem defined for

wherei n the scanning unit generates two-di mensiona

tlcb ol shegfredioedrf moident s f r om one- di mensi onal vectors of

coefficients based on,scan orders, defined f each of

Che. pF it f 8 oot asueER it f o Biane opfreGatipgpn modes

baYell of Md RR¥KHIESOHE $iveh 8nd BEHE IphRAGI0ANAd do¥ 8GR a0t WAlue
to the scanning unit scanning the coefficient values.
asocigigd vaphe atvgs oa¢ otthaiprdidionyhedes sitisfisea duaheldef the given
8&§5tﬁxa%hﬂ%% %ﬁ%@s%%ﬁ orders defined for each of the
preJ%C?Pon modes ‘&t pre-set update interval. 26. The
appar aitttHybd€ thai defftienvhglugd. n t he scanni ng unit

repeats its store, count, scan and eval uate operations
with respect to each of a plurality of coded units

gpat frﬁé Brdput Ql%gdéb%&%gﬁﬁx cIARF2 IR LA tﬂeﬂﬁstﬁfcgﬂnél&{u‘se the
initializes the scan orders, the’'statistics an

tidwiestool ds for each of the prediction nodes before the
scanning unit repeats its store, .count, scan d -

eval udt'ETYPRR AV SHY? F1OFT Sxavte] Wftﬁéhwﬁ?wﬁ 3/ 1Bt picgiscan
BRUEShaséd on HR&tARRE SHitkSoi9fn Sﬁ%ﬂgfhé fredvdigh %Edé&ieﬁ _?_ﬁgn the count

apparatus conprises an inRtegrated circuit. 28.
appansadasted fwith the gived onghetheipredidimnapqdes astisdics tepghicsledd of the

a.nicrogétceszﬁr"29. comput er - r eadabl e nedi um
EoHPIS gepﬁf‘?ﬁeﬁ? § that upon execution in a video
codi ng device cause the device to code coefficients of

vi deo bl ocks, wherein the instructions cause the
dbvi c&hg gemputer-readable medium claim 30, wherein the instructions cause the

device to:
adjust the threshold of the given one of the prediction modes upon adjusting the

given scan order of the given one of the prediction modes.

32. The computer-readable medium claim 29, wherein for each of the plurality of
prediction modes the instructions cause the device to:
store statistics indicative of probabilities of the coefficient values being zero or

non-z<ro.

33. The computer-readable medium claim 29, wherein the instructions cause the

device to:



store statistics associated wth coefficient val ues of
the video bl ocks for each of a plurality of prediction
wore@eds726dunt the vi deo bl ocks associ at ed w t hPEEUR200$/066796

t he prediction nodes; scan the coefficient val ues of

t he video bl ocks based on scasgy orders defined for each

of the prediction nodes; evaluate a given scan order

associated with a given one of the prediction nodes

based,gn t.he statisticgs of the,qgiven one of t -

pr edi AP e del Sk ogr acsé%cﬁ%}e‘\ixg“ﬂtﬁe S Lot At %fgﬁ%PEGHICtlon

tddcgbasedo®tiR seitistikohegivei bioMme prediutibh $iddes, a

threshol d of the given one of the prediction nodes;

and eHtthopyv saOrddas beshmp e @ Arevioas gea ordg, inpppase the threshold

- I | aim 29, wherein the

?ﬁ@?#ﬁ%@f@ﬁ?ﬁggﬁggﬂﬁﬂgHﬂ%%%ée to: determ ne a new scan

or der ifassnsy ataadradrtihdifieesngthaenhopreviotis sdae opdeeddectdasmthe
des based on the atistics of the given one of the

&?%sgp&qafé%e WA BaRe PRACESEMOsEIAE associ at ed wi t h

the given RNSuflvARe s SIS LiRMIBIES oA AL hRIickBE mod

thresﬁ%%ﬂ of Phéﬁg$%gn one of tﬁggpre%ictionbnnlés.nu)e&

31. The conputer-readabl e medi um cl ai m 30, wherein the

struyctions caus he device to: adjust, the t.hreshol|.d.
57 R TR R Red et T aTRbtR LB SFpiiction
AU st RS LERNE L HRANpREd86n RbIENEII PIERLIBNEE iffer bRAiction
predi ction nodes. “32. The conput er-readabl e nedi um
glodésm 29, wherein for each of the plurality of
predi ction nodes the instructions cause the device to:
store statistics indicative of probabilities of the

spef f Th¢ esthpitad-te@gaddemodiuaesl®ino34,non- zero. 33. The
conmput er - r eadabl e nedi.um cl ai m 29, wherein the )
i nst r WREICHNEC dH{Aguedipdory@oflesecomprige & dlnlHg of 4havt lemgintra

' . it Bt . ' by
PlcRliofARALS 3fialihidh 105 M@ PRaRhioh Mo SANGRIRTLT 16 by
p6 achhcintre prodbdea;modes;tdnd anyduraligest SOFyde chiomatihtea p@dietias modes;
a(grevious scan order, increase the threshold of the

#fi%en one of the prediction nodes;

wherein the inter prediction modes comprise inter prediction modes

corresponding to a 4 by 4 block size and an 8 by 8 block size.

36.  The computer-readable medium claim 29, wherein the entropy coding unit
performs variable length coding (CAVLC) or context adaptive binary arithmetic coding
(CABACQ).

37. The computer-readable medium claim 29, wherein the instructions cause the
device to:
generate the coefficient values via a transform of the video blocks from a pixel

domain to a transformed domain.

38. The computer-readable medium claim 29, wherein the instructions cause the
device to encode the video blocks, wherein the instructions cause the device to:
generate one-dimensional vectors of coefficients from two-dimensional blocks of

coefficients based on scan orders defined for each of the prediction modes, and



if the new scan order is different than the previous
scan order, decrease the threshold of the given one of
w0 b@sppsed cti on nodes; and re-set the count vaPCEUS2008/066796
associated with the given one of the prediction nodes.
34. The conputer-readabl e medigm cl ai m 29, wherein the
plurality of prediction nodes conprise a plurality of
intra prediction nDdes and a plurality of inter
predlctlon modes e cQ adabl e
Gl ot e ARG e PP SRR 163 R S kigam
dalpésural ity of 4 by 4 luma intra prediction nodes, a
plurality of 8 by 8 luna intra prediction nodes, a
plurality of 16 by 16 luma intra prediction nodes, and
9. plu ﬁé &Sr}éplﬁ% -%a@%legm%&rugpaaﬁl{lﬁé sz}%?eqﬁi 'tlfétlhﬁﬂlc%gse ’use the
and ere e Inter prediction es conprise
pevech tntdeoasderthd eflec blacks pnzhedam gletmstmcﬁohwca@sé)ihe cdlewse 2ce

and an 8 b ] ock. si mput er - r eadabl e
medi uaﬁr}?raé%f e lm%ﬁepéhztﬁoqﬁ%@f @ﬂ?fﬁsﬁytscfsm AEF- iipqnsional vectors of

BEAFAEAS bXR6IoARLS 4ABARARGHTR Qac(hQﬁ‘\( hisfletg oK, and

aptive binary arithnetic coding

conputropyekzdads! the ne@dlnmnnsioaalmem);rs pmurrte sc:annhg the coefﬁ01ent
igstructlons cause the device to: generate the

C68%¥ i cient values via a transform of the video bl ocks

froma pixel domain to a transforned donain. 38. The

conmput er - r eadabl e nmedi um cl ai m 29, wherein the

#0ist r Gbe PonRutenisedabihmedian deim 0. evhesde theriasticiiers cause the
| ocks, wherein the instructions cause the device to:
cvice t0; S

genér at e one-di nensi onal vectors of coefficients from

t wo- dixueiiae erakabbrdeksicaheteklidhcifand prelirsion ndes&a@pre-set
orders defined for each of the prediction nodes,

- encode the one-di nensional vectors after
scanni ng the coefficient values. 39. The
conmput er - r eadabl e nedi um cl ai m 29, wherein the
#nhst r Tht canputcatsdabihmediewi deint 20, ddeode tiichastwictiens cause the
glocks wherein the instruc |o S cause, the .device to:

BAET BIEPIHS HPiReARINGHSIN Mol ORSEiIon; BitBAewesttgspch of a

ﬁlﬂﬁalﬁiﬂl BB 'ﬂﬁits fhﬁ?fo%sa \Qaecps%ﬁfléﬂc@' Alatwhdeas ek 195‘tr1§&1@ﬁs cause
orders defined for each of e prediction nodes, and

the device to initialize the scan orders, the statistics and thresholds for each of the
prediction modes before the instructions cause the device to repeat its store, count, scan

and evaluate operations for each of the plurality of coded units.

42. A device that codes coefficients of video blocks, the device comprising:

means for storing statistics associated with coefficient values of the video blocks
for each of a plurality of prediction modes;

means for counting the video blocks associated with each of the prediction
modes;

means for scanning the coefficient values of the video blocks based on scan
orders defined for each of the prediction modes;

means for evaluating a given scan order associated with a given one of the
prediction modes based on the statistics of the given one of the prediction modes when a
count value associated with the given one of the prediction modes satisfies a threshold

of the given one of the prediction modes; and



entropy decode the one-di nensional vectors prior to
scanni ng the coefficient values. 40. The

w@opasess r eadabl e medi um cl ai m 29, wher ei n t hBCT/US2008/066796
i nstructions cause the device to: exam ne the scan
orders defined for each of thg prediction nodes at a
pre-set update interval. 4 1. The conputer-readabl e
nediuntclain129 wherein the instructions cause the
devi Ceegﬁj off e[aot ic in tﬁ SoeffQ Iﬂtv’ s an and eval uate
operatr1 Oh's “Wi hl?égé et 10 each of & plurality of
coded units that forma video sequence, and wherein
the instructions cause the device to initialize the
dban Sheidevice efirdaigy B fwthes sompdsingr eshol ds for each of
the Predicbl a0omfS ARLALE bR, LASLENAN AT GARASAL BPthe
device t0 repeat store, count, scan and eval uate
pedicabn anslcd bascé an: Ithecxftattshas @i the givleh y&n@ﬁf o qbeaﬂhcu'ra)intrﬁodes when

1%. A deyi ce that ges coeff|C|e€ f .videq bl oc
{hR SoBNALE BHRHTGIITG e SsOTeaH 88 BRiHo madpefiades the
framGla e y L &@@ffthéiyafeatttl ues of the vi deo bl ocks

for each ura it predi cti on nodes; neans for
counti ng the V|deo bl ocks aSSOC|ated with each of the

di cf | f th ff t
B e bt A o b gl o858 en scan orders
def i ngladsofor 8F6HInRfthé MRcMORIBIEhd PRABAESE th@?@afctfbﬁ fmodes upon

eval uating a given scan order associ ated h a given
atiustof thhelven setinerdaef theaaserpensed thhprefistien aodes. i cs of
the given one of the prediction nodes when a count

val ue associated with the given one of the prediction

1mdesThaldadd &cldmt 47, esbediimehind oL stghiNe theGRisBEs dogrises for
predi cti on nodes; andmeans f or entropy coding the
eas@rof ithe Ipalipaef prediction mages: devi ce of cl ai m 42,

furthgr, &%Pﬁtbﬁgé‘ gtatlﬁﬁgﬂghéa?irve dehRbAb J[l ﬂh@@%&fﬁ&@ﬁt values

order assocl ate gl ven one o e prediction
bxidg gecrbas @adn-atrot he statistics of the glven one of the
predi cti on nodes when the count value associated with
the given one of the prediction nodes satisfies the

h@resﬁﬁé deifc $MGaif 4Qe'f'u19{%?c6’r§1 fiigg:pr edi ction nodes.
. The device of claim 43, further conpri si ng:

means for determining a new scan order associated with the given one of the
prediction modes based on the statistics of the given one of the prediction modes;

means for increasing the threshold of the given one of the prediction modes if the
new scan order is the same as a previous scan order;

means for decreasing the threshold of the given one of the prediction modes if
the new scan order is different than the previous scan order; and

means for re-setting the count value associated with the given one of the

prediction modes.

47. The device of claim 42, wherein the plurality of prediction modes comprise a

plurality of intra prediction modes and a plurality of inter prediction modes.

48. The device of claim 47,
wherein the intra prediction modes comprise a plurality of 4 by 4 luma intra

prediction modes, a plurality of 8 by 8 luma intra prediction modes, a plurality of 16 by



means for adjusting the threshold of the given one of
the prediction nodes upon adjusting the given scan
wW@e@ensu6s t he gi ven one of the predicti on nodeBCT/US2008/066796
The device of claim42, wherein neans for storing the
statistics conprises for eachyef the plurality of
predi ction nodes: neans for storing statistics
i ndicative of probabilities of the coefficient val ues
ing zero ofr .non-zero. 46, T Vil C f claim42, .. )
e PR B Brfo LR AR e S DGt B g Rl flgson modes:
eider associated with the given one of the prediction
nodes based on the statistics of the given one of the
pr edi WOPISH the dESr PrAdishen Mefcs GOEHERS Mg RIPECHH BRI d
QirdsPen by & 2P 4 Yfod NS ALEdh Gl Ay IRAES. 1 f the new
scan’ or i's the sane as a previous scan order; means
for decreasing the threshold of the given one of the
ediction . nodes .if the new scan order is different
fhan ﬂ\%g%‘flwtffi@%‘t%w Ffemeansnr FRIEIRY PBInEcampEIpes mgrns for
@Hﬁg@@l‘éﬂétb‘é@&i&g S(@f@%‘@)%tr Gickad fdi] cBﬁ‘t@xtgild\é?ﬁr;v]éz%ﬁar?farﬁlﬁﬁetic coding

predi ction no 47. "The device of cla , Wherein
(GeBAKOral ity of prediction nodes conprise a plurality

of intra prediction nodes and a plurality of inter

predi ction nodes. 48. The device of claim47, wherein

sthe i Mhé deRELst Ghin0m, FRERS c6APRSihS MeandloH Fg_éﬂelritih Qhe bocfficient
by 4 luma intra prediction nodes, a plurality og 8 by ,
galpesnva ptrepgforn edihetvidne tlenke dromya pixgh éoraiy tof tragsfpymagl domain.
luma intra prediction nodes, and a plurality of 8 by 8
chroma intra prediction nodes; and wherein the inter

pr.edi Thé a¢vicmssaisOM ihetein theeleviet ealdoeies Oidcobbess,
corresponding to a 4 by 4 block size and an 8 b% 8 )
bl ock Wil maas fahwapripe the coeffiaiet wplags ofitheriden biaskhgomprises

In%%ns I%%@g%@%&&m%@séctgmﬁéoe‘fﬁs-e t@!fﬂoﬁmg@o-hﬁ{&giﬁnal
coal ng or neans or context a apt |ve I nary
Bbliockhofisbicfficimel tuged GABAR)ord&O defiitve foieadch ef dfe predictionddodes,
furthe coqgris&gg nmeans f.or eneratig% gye )
coef f MEFIEH MGH)S felsenfiory goding GEMpBrRS Sreanp frenfapy prcgding the
Bﬁ@mn?en@ibﬁa:Ve%fgaaffer%@ananfg&ﬁ@@é&ﬁm Wi n. 51. The

device of claim42, wherein the device encodes video
bl ocks,

52. The device of claim 42, wherein the device decodes video blocks,
wherein means for scanning the coefficient values of the video blocks comprises
means for generating two-dimensional blocks of coefficients from one-dimensional
vectors of coefficients based on scan orders defined for each of the prediction modes,
wherein means for entropy coding comprises means for entropy decoding the

one-dimensional vectors prior to scanning the coefficient values.

53.  The device of claim 42, further comprising means for examining the scan orders

defined for each of the prediction modes at a pre-set update interval.

54.  The device of claim 42, wherein storing, counting, scanning and evaluating
operations are repeated for each of a plurality of coded units that form a video sequence,

the device further comprising means for initializing the scan orders, the statistics and



wherei n neans for scanning the coefficient val ues of
the video bl ocks conprises neans for generating
woer@sdsmessi onal vectors of coefficients fromPCT/US2008/066796
t wo- di mensi onal bl ocks of coefficients based on scan
orders defined for each of thg; prediction nodes,
wherein neans for entropy codi ng conprises neans for
entropy encodi ng the one- dinensional vectors after
res %di%orteuﬁ b §P %%fpltreﬁdlc% élvnlnoc i 8 8r 82%16 \s/tloﬁeg,ecgpﬁt%k%? scanning and
Whemlmg oﬁ&@ﬁ&ns‘ WingSepentdiriche sfaré pliutdlienbf sotled @gitof
the video bl ocks conprises nmeans for generating
t wo- di nensi onal bl ocks of coefficients from
e- diyl tors of coefficients based on scan
g?dersqggﬁfggg$P¥%§each of the prediction nodes,
wher ea seatmaitshdtor entropy coding conprlses nmeans for

entropy decodi ng the one-dinensi vec ors
scanni ng t HBES ipticsiagpciafeg Wik Coeggm @1@ @eo bqOCkS for
C|a'”Eﬁ%mﬁ%%ﬁ&ﬁﬁ%xﬁ%ﬂﬂﬁ&ﬁhﬂ&xﬁ?an3 f or exan1n|ng t he

ed ’

scan orders def for each of the prediction nodes
at a pre- setunipitiatveled M@kw associbied withecadl of the pod¢dicticai modes;

42, wherein st nt.i n cann nd eval uatin

oper ati ons Cﬁp%ﬁ'lﬁ g@tc ?}Pesgcgéﬁe EQG%B%FE? g?lintt‘)yo menonal
codedpéblsd o &Bﬂﬁmér%ﬁdﬁaﬁvé/dt&@ Ba A PARRELordbRAIHBYA fo cach of the
further conprising neans for initializing the scan

or der Btedichen stodes;g@nflcs andt hreshol ds for each of the

predi ct | on, cn?? a%es L ergI{ sctarq of i s?sto(c){a{e@gmthcé) ufx]fterllg e %f tihe Iplredlctlon
scanni ng and eva era I'ONsS Dein

each plodédigaspd oifi eel stamsﬁés deﬁi@gllVHﬂﬂ bhSof t55 pro@hcﬁ@ﬂ infRles when a
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57. A device comprising:

a wireless receiver that receives a bitstream comprising entropy coded
coefficient values of video blocks in one-dimensional vectors;

an entropy coding unit that entropy decodes the coefficient values of the video
blocks; and

a scan unit that:

stores statistics associated with coefficient values of the video blocks for
cach of a plurality of prediction modes;

counts the video blocks associated with each of the prediction modes;



an entropy coding unit that entropy encodes the

coefficient values of the one-dinensional vectors; and
w@2MBnER2ess transmtter that sends a bitstreanPCT/US2008/066796

conprising the entropy encoded coefficient val ues. 56.

The device of claim55, wherein the device conprises a

W rel ess communi cati on handset. 57. A device

conprising: a mﬁreless recei ver that receives a
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58. The device of claim57, wherein the device
conprises a wreless communi cati on handset.



