1 MODE DEPENDENT SCANNI NG OF COEFFI Cl ENTS OF A BLOCK OF VI DEO DATA [0001]
This application clainms the benefit of the followng U S Provisional

Appl i cat iwo=01208B113Pr ovi si onal Application Nunber 61/ 42@C3AR201f1iob4d64 on
Decenber 22, 2010; U.S. Provisional Application Nunber 61/426, 349, filed on
Decenber 22, 2010; and U.S. Provisional Application Nunmber 61/436, 835,
filed on January 27, 2011, the entire content of each of which is

i ncorporated herein by reference. TECHNI CAL FI ELD [0002] This disclosure
rel ates to bl ock-based video encodi ng techni ques used to conpress video

data and, nore particul arl scanni ng techni ques used to serialize video
bl ock data during tl%ogﬁc%é B D&W&@%&NW&?@N@F[F@@WTﬁ gital video
capabilities can be incorpor@t ABLACK QFRYIREQ IHyeAof vi deo devi ces,
including digital televisions, digital direct broadcast systems, wreless
communi cation devices such as wirel ess tel ephone handsets, wreless
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the like. Such video devices my inﬁlenent vi deq_conpressi on techni ques,

such as tH8¥isiogasAppiiagon Nypss. 61/4 > gfiled)  on Recemhen @24 \OEDs. and B4t 10,

Advanced p0eRnfodifidad AV EImbdr" 6 DUSEE3 L IR 65 JaMiH$27980 A, (VI HBR content
conpressi on techni ques perform spatial and/or tenporal prediction to reduce

or renoveofreedueidanclyisiindoeparaicd herewilyeofesmguences. New vi deo st andards, such
as the H gh Efficiency Video Coding (HEVC) standard bei ng devel oped by the
"Joint Coll aborative Team - Video Coding" (JCTVC), which is a collaboration
bet ween MPEG and | TU-T, conti nueTECHNTEAGEFEIMD evol ve. The energi ng HEVC
standard j s sonetines referred to as H. 265.

[|0302] Tqﬁs Idlrsrglosure relates to %lock-%ased V?c?eo encoding techniques used to compress

video data and, more particularly, scanning techniques used to serialize video block data

during the encoding process.

BACKGROUND

[0003] Digital video capabilities can be incorporated into a wide range of video devices,
including digital televisions, digital direct broadcast systems, wireless communication
devices such as wireless telephone handsets, wircless broadcast systems, personal digital
assistants (PDAs), laptop or desktop computers, tablet computers, digital cameras, digital
recording devices, video gaming devices, video game consoles, personal multimedia players,
and the like. Such video devices may implement video compression techniques, such as
those described in MPEG-2, MPEG-4, or ITU-T H.264/MPEG-4, Part 10, Advanced Video
Coding (AVC), in order compress video data. Video compression techniques perform spatial
and/or temporal prediction to reduce or remove redundancy inherent in video sequences.
New video standards, such as the High Efficiency Video Coding (HEVC) standard being
developed by the “Joint Collaborative Team — Video Coding” (JCTVC), which is a
collaboration between MPEG and ITU-T, continue to emerge and cvolve. The emerging

HEVC standard is sometimes referred to as H.265.



2 [0004] These and ot her video coding standards and techni ques use

bl ock- based vi deo codi ng. Bl ock-based video coding techni ques divide the
vi deo datwoahi122sviildeo frame (or portion thereof) into viedeasbéiook®dsand t hen
encode the video bl ocks using predictive bl ock-based conpression

techni ques. The video bl ocks may be further divided into video bl ock
partitions. The video blocks (or partitions thereof) may be referred to as
coded units (CUs) and may be encoded using one or nore video-specific
encodi ng techniques as well as general data conpression techniques. [0005]
Wth the ener g HEVC standard, |argest coded units CUs) may be divided
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sense 3 predictive coding (intra or inter), transform coding may then be performed, such as discrete
cosine transforms (DCT), integer transforms or the like. With HEVC, the transform coding
may occur with respect to transform units (TUs), which can also have varying transform
sizes in the HEVC standard. Quantization of the transform coefficients, scanning of the
quantized transform cocfficients, and entropy coding may also be performed. Syntax
information is signaled with encoded video data, e.g., in a video slice header or video block

header, in order to inform the decoder how to decode the video data.

SUMMARY

[0006] This disclosure describes techniques in which different scan orders are defined and
used for different intra prediction modes based on the type of intra prediction mode and the
transform block size used in transforming a given block of transform cocfficients. In one
example, selection of a scan order may be among horizontal, vertical and raster scan orders,

although other scan orders may also be supported. A desirable scan order, e¢.g., in the sense



of arate-distortion netric for the encoded video data, can be deci ded by
t he encoder by searching anong zi gzag, horizontal, and vertical scan
orders, awm020wmmsariBng the coding results. The best scanPordseoiaambe

sel ected and used for the encoding, and then signaled within the bistream
(e.g., as a block level syntax elenent) to the decoder. The inprovenent in
performance that can result fromthe use of different scan orders may add
conplexity to the encoder because of the exhaustive searching for the best
scan order. However, to bal ance the added conplexity, the nunber of
possi bl e scan orders may be limted, and a switchable signaling scheme may
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transform on the block of video data according to the transform size, and a scan unit that



[0011] In another exanple, this disclosure describes a device that encodes
coefficients associated with a block of video data, the device conprising
nmeans forweebeuisimg a scan order for the coefficients basedsomniamint ra
codi ng node used to predict the block of video data and a transform bl ock
size used in transform ng the block of video data, and neans for generating
a syntax elenent to communi cate the selected scan order for the block of
video data. [0012] In another exanple, 4his disclosure describes a device

t hat decodes coefficients associated with a block of video data, the device
conprising means for receiving a syntax elenment with the bl ock of video
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bl ock of anddmuerdias asanek eememne tonmubkde khesscleeted seuh drdertfoiaths blockbhygdede

bl ock of yideo data, and neans for inverse scanning the block of video data
froma setialized representation of the block of video data to a
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candi dat €Sansform block size used in transforming the block of video data, and means for inverse
scanning the block of video data from a serialized representation of the block of video data to
a two-dimensional representation of the block of video data based on the syntax element
relative to the defined set of top scan order candidates.
[0013] The techniques described in this disclosure may be implemented in hardware,

software, firmware, or combinations thercof. If implemented in hardware, an apparatus may



[ 0016] The details of one or nore aspects of the disclosure are set forth

I n the acconpanyi ng drawi ngs and the description below. Oher features,

obj ect s, woaoexsansages of the techni ques described in Prhirasdiisobosure wil |
be apparent fromthe description and drawings, and fromthe clains. 6

BRI EF DESCRI PTI ON OF DRAW NGS [0017] FIG 1 is a block diagramillustrating
a video encodi ng and decodi ng systemthat may inplenment one or nore of the
techni ques of this disclosure. [0018] RIG 2 is a block diagram
illustrating an exenplary video encoder consistent with one or nore
exanples of this disclosure. [0019] FIG 3 is a block diagramillustrating
an exenpl trigalized apanjvicsaded leshii & piopessel discretsdogie. arspe carbinpiwshgeok H s

di scl osurﬁ&ﬂelnf?é?l?éal Jin Bhfavard e sGrsaRaeRtdiakdhaghaym %f]ren\r‘%éjﬁ%cé%g&&i%ﬁch as

partitioned according to a quadtree partitioning sc
microprocessor, application specific integrated circuit (ASIC), field programmable gate array

(FPGA), or digital signal processor (DSP). The software that executes the techniques may be
initially stored in a tangible computer-readable storage medium and loaded and executed in
the processor.

[0014] Accordingly, this disclosure also contemplates a computer-readable storage medium
comprising instructions that, when executed, cause a processor to encode coefficients
associated with a block of video data, wherein the instructions cause the processor to select a
scan order for the coefficients based on an intra coding mode used to predict the block of
video data and a transform block size used in transforming the block of video data, and
generate a syntax element to communicate the selected scan order for the block of video data.
[0015] In addition, this disclosure describes a computer-readable medium comprising
instructions that, when executed, cause a processor to decode coefficients associated with a
block of video data, wherein the instructions cause the processor to upon receiving a syntax
element with the block of video data, wherein the syntax element defines a scan order from a
set of top scan order candidates, define the set of top scan order candidates based on one or
both of an intra coding mode used to predict the block of video data and a transform block
size used in transforming the block of video data, inverse scan the block of video data from a
serialized representation of the block of video data to a two-dimensional representation of the
block of video data based on the syntax element relative to the defined set of top scan order
candidates.

[0016] The details of one or more aspects of the disclosure are set forth in the 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.



[0021] FIG 5 is a decision tree representing partitioning decisions that
result in the quadtree partitioning shown in FIG 4. [0022] FIGS. 6A-6C are
concept uavodneysams il lustrating exenplary scan orders, PCmalSo@it/ogoad zi g- zag
scan (FIG 6A), a horizontal scan (FIG 6B) and a vertical scan (FIG 6C).
[0023] FIG 7 is a conceptual diagramillustrating exenplary prediction
nodes consistent wth the energing HEVC standard. [0024] FIG 8 is another
concept ual diagram of video bl ocks partétioned according to a quadtree
partitioning schene. [0025] FIGS. 9-13 are tables that could be used to

i npl enent techni ques of this disclosure.@LOOZG FIGS. 14-16 are flow
diagrams illustrating tecRRUGHOES(HINTIOMNOFRRAMINGS di scl osure. DETAI LED
DESCRI PTI ON [0027] This disclosure relates to scanning techni ques perforned
on coef fil[@DEAtHGol isa blodt diagfanvilldgtidat aidedivacaioef fnidglcerrding symiencibapmis e
so-called significant c icients and zergrvalue coefficients, which are
bi nary vdplg%m%éoﬁigégmgg%g$sm:n%#eﬁ§q¥ﬁapggé 'ne whet her residua

t ransf or ni00D&FHIGCR &t Moek daghgniliistasang af Exeplarp itked eh@)dentomRBten( Witk one
zero). The signifi%ant ﬁgeff'cients may define a significance map that
def i nes wWHiTRHT 6¥aePleYofithis disgloPYEal transform coefficients of a video bl ock

are si gni o PRMIGAB G MBoEIDdiaBEm iﬁﬁﬁraﬁﬁ% af bl 8o deEXRE cHRISHABWITRYNDE
defined in conjunction with the significant coefficients in order to define
t he act uadr more examples of this disclosure.
[0020] FIG. 4 is a conceptual diagram of video blocks partitioned according to a quadtree
partitioning scheme.
[0021] FIG. 5 is a decision tree representing partitioning decisions that result in the quadtree
partitioning shown in FIG. 4.
[0022] FIGS. 6A—6C are conceptual diagrams illustrating exemplary scan orders, including a
zig-zag scan (FIG. 6A), a horizontal scan (FIG. 6B) and a vertical scan (FIG. 6C).
[0023] FIG. 7 is a conceptual diagram illustrating exemplary prediction modes consistent
with the emerging HEVC standard.
[0024] FIG. 8 is another conceptual diagram of video blocks partitioned according to a
quadtree partitioning scheme.

[0025] FIGS. 9-13 are tables that could be used to implement techniques of this disclosure.
[0026] FIGS. 14—16 are flow diagrams illustrating techniques consistent with this disclosure.

DETAILED DESCRIPTION

[0027] This disclosure relates to scanning techniques performed on coefficients of a block of
video data. The coefficients may comprise so-called significant coefficients and zero-value
coefficients, which arc binary values or flags (i.c., 0 or 1) that define whether residual
transform coefficients arc significant (i.e., non-zero) or not (i.c., zero). The significant
coefficients may define a significance map that defines which ones of the residual transform
coefficients of a video block are significant and which ones are not significant. Level values

may be defined in conjunction with the significant coefficients in order to define the actual



7 val ues of non-zero residual transformcoefficients. In this case, the
significant coefficients and zero-value coefficients define whether

resi dual woanef@rmscoefficients are significant (i.e., RONABSRI1N64964 NOt
(i.e., zero), and |level values define the actual values for transform
coefficients that are significant. [0028] The residual transform
coefficients may conprise a block of transformcoefficients in the
frequency domain, which represent a distribution of energy associated with
a set of residual pixel values. The residual pixel values nay conprise a

bl ock of values representing the residual differences between a bl ock of
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or other nore conplex scan patterns) may be nore effective in 8 sone

cases. So¥8291dnrvideocidiy. rsaeisg dechaiquesedrg typigallydiesformesito; ssHglizsta Bloghapf i cant

coefficie blkock or
&Eg‘lgctééﬁﬁ fr?lﬁ:a Ig? A % &Yﬁﬁ&&%ﬁ%ﬁétl&f% a Yf aﬁ&ﬂgloﬁﬁgﬁprggen{aﬁs glp

t he upper e n suc cases use o
di f f er entmasgacesey, dellowieg grapsfoon- the gesidigy) cn@?\fjrcmmprthwteart hecateddieny thef fipet ency

i scl osur i it vme alioqudPRR it I8¢ PEPRRESRaH G S 1SPUSn8r i nea

and used High efirky @6£ﬂéleﬁtﬁlfcbﬁdﬂfe€16&aﬁéd S8 WHRES Fub@s ellc@iondhe of YiRerrafforfl  a
predi ction node and the transform bl ock size used in transformng a given
bl ock of Yq-eHisf Figrraotppnipg at ¢ relilrbvesarping, teeriug dp setidlish an‘glyclbef anong
hor [ 20nt aligniNet | 6aticRRN {03 Block Mg dr@ﬁ[i&al s RRNOR Hiliei SFaR ergers may
al so be sd%porteg ]h |re scan or e.g., e sen coding bit
rate ver scumenﬁi@ttad)rltepmaentatlomheo eﬁnmdidrirgerprmlesspremmnbe sbetaér tai @thtthQ he
encoder boe i Jto gth §g £da a@frorrl}orfl éon rlalize@mrjl Viherst nal Roflle? £t90% S
and conpa |nd”?ﬁ eesur € N erns of co Fesgron Sﬁdnﬁsﬁ fﬁé?? y. The
Sﬁanbor delﬂorﬁﬁl(eecbﬂ'ﬁr b;ysa%l:l@ Eé‘tfhﬁﬁlafs ((aﬁzhbﬁs) trroara@rﬂmt té@(ﬂmahg azrartiﬁaldea;anmlighr n

t he bistream (e as oc evel syntax) to the decoder. The inprovenent
in perfor"r?&ﬁ’é‘émpﬂ%\to Ghze%e i thorizgiplt rentjae ermRynFtoar et zigeash 28f deFicabmy
add conpl @xidi¥s aBafiie sERGRECEH: NRGAHSE Bpll&carPANEL) ¥By BEMEO LA Ok t he
best scan order. or this reason, additional techniques may |Iimt the |evel
of searching to mtigate such conplexrty in the encoder. [0031] In one
exanpl e, a node dependent fixed transform coefficient coding technique for
intra block coding is proposed. The node dependent fixed transform
coefficient coding technique nmay associate the scan order (also called the
"scanning order"”) with the intra prediction node, which neans the scan
order for an intra prediction node may be fixed for a given transform size.
The encoder may avoi d an exhaustive search anong several scan orders in
order to reduce conplexity as if there are only a few possible scan orders,
and at the sane tinme, the techniques can exploit sone of the benefits
associ ated with an exhaustive search of all possible scan orders Frxrng

N r T e Y Y e Y e TR L T 1 o v



[ 0032] The techniques of this disclosure may apply to intra bl ock coding.
In H 264/ AVC and the Test Model of the energi ng HEVC standard, directional
ext rapol avpamzmstheds may 9 be used to predict an intrachlusek/oBoeause of
the directional prediction (i.e., based on intra data within the sanme video
slice), the residual block (in the pixel domain) usually exhibits
directional characteristics, which are then inherited into the transforned
coefficient block (in the transformdonain). For this reason, a node
dependent scanni ng schenme for transformcoefficients (or sinply for
significant coefficients of a significance map) may be very useful to

i nprove cWHICfgsef fSoriedpEy codimpmaiies) aiteg gk dp disiahwgpes ofpi nHeqsEidat
swi t chabl g, t sfar f.i1Cd : i i i

case, 't op AcEERELEEGAelec i ST QORI i s PERRRA b e
nmode, f orblegkc hint suamséses.nths ugeofl odiffeomt somhirdat (. gnsoofzigaragilingiyiiopravedee and
transform si ze...The ¢ tdid tes . in the set éi.e , the top scan order

candi dat cEY IR & TBAAdH QHBSP A LHEPEP AT SPicSHIEE  and bl ock si ze
used. | n [0b3@ TES isclbfife Mestib&CREhMGEE in diichadibeRaKsdmmories det @fintdesd by

t he encoder anong the candi dates in the set specified for the prediction
node, butuse%éorrﬂa%ﬁém igtra predistign denpgred an thavape ehaairgligtonanodsapdehe of
possi bl & BEARMANASISsize I dLif GARLIMENTBYoi bR GAREAX béNFiditntt Ne BRCOdET,
but can limt the conplexity to a fiXed nunber of top candi date scan
orders. Themple dutesclastign defyi beeaméneg karmentsbtvedical apl ratedisckat @derasalthhogle
defined at,the encoder o that t cader .can properly jnterpret the

aynt ax o LSOOG TR s Rhet Bod8F Eied R SEL LR EHEH bl 1
a bl ock dbiagrtameishs distarddn my tleon esoodimgl groyesy,i emobedeothingd anchedewodérnigy

system 10 t hat Q%Y i Ienent,techigues_of t hi s, di scl osure, shown .in
FIG 1, sYCawsayangdigraeshorizenah @ad yevicglesean ofdery apy SHERIINE BAIGWHEY Wi deo

to a destipal bPBoHR¥iswh ARl Vidso JuARTIMUIMHCRkA QRicE RAIBRBY b 3he SRITIEEcHEYE ce 12
and destination device 16 may conprise any of a wi de range of devices. In

sone casegnswgtedee adéndegevithgn thedbitesmi (aat.iap blagk Ve vebsyrexndg the slepades e The

W rel ess . | i I , l.l.e I

at ol 11 o PLRCHA D AR ARG IR REM A it R, R Gf Blocth iy B
whi ch apploynpdexitgrtalthe/ertcodadrnnisagf thectxhingties s¢anchngdfoo tlenissdsdag oadet. Fodeo

decoding, ,are not necessarily limted.to w rel ess_ appljcations.or settings,
and may btglsa[fﬁ?‘?nedadﬁgloﬁ%-t%}"%@}@s énaéfe{}]inﬂ:teg‘lei fﬁ‘f Ffjé?f ngggr\?i"&éotoe FedeRthgUsha/ or
decodi ng @apakiitylih iiRencsRYr ce device 12 and destination device 16 are

merely exang{es of codi ng devices that can support the techni ques descri bed
herei n. dOAEH Ipjose sx@pric ce grodp depardont feed tsaspig geeffigent ¢pdgngdicdigs e may

i ncl ude di,gi, tb%cktc%ldﬁl\éi @iﬁgﬁosed. The mode dependent fixed transform coefficient coding

3

technique may associate the scan order (also called the “scanning order”) with the intra
prediction mode, which means the scan order for an intra prediction mode may be fixed for a
given transform size. The encoder may avoid an exhaustive search among several scan
orders in order to reduce complexity as if there are only a few possible scan orders, and at the
same time, the techniques can exploit some of the benefits associated with an exhaustive
search of all possible scan orders. Fixing the scan order for both encoding/decoding may be
particularly desirable to support parallel implementation by both the encoding and decoding
devices.

[0032] The techniques of this disclosure may apply to intra block coding. In H.264/AVC
and the Test Model of the emerging HEVC standard, directional extrapolation methods may



10 digital direct broadcast systens, a broad range of wreless

communi cati on devices, wreless broadcast systens, personal digital

assi st antwoQPDABY713| apt op or desktop conputers, tablet eoFpst@En®e49ds gita
caneras, digital recording devices, video gam ng devices, video gane
consol es, personal multinedia players, and the like. [0035] In the exanple
of FIG 1, source device 12 may include a video source 20, a video encoder
22, a nodul at or/ denodul ator (nodem) 23 &nd a transmitter 24. Destination
device 16 may include a receiver 26, a nodem 27, a video decoder 28, and a
di splay device 30. In accordance with this disclosure, video encoder 22 of
sour ce dekf wed 1o piediet B intsriilpur BeFabs ¢iehe direationdmedefionddpnbefgd $ndntra hj s
di scl osur E ' 04 - i N i alj s
oot 11 of CyEWEpRANE b ERLEIRAT MG RUAGE Bk Ol Bomeh) AMSAS cuhpis oy
to a one-diareosi omaictérotipatvhiByant then ettentdtistorthy trive fgewd catfEdicattbladkdeo
encoder % in §rder to.fignahrhom/the Cfo+§CHFn{S ver e scann d,t SO t hat

vi deo decBA&FIBTLIAMBEY £ SPIL T8 A JA%S (ePEIKTent {SapupE S5 RANT AR Y G e
exanpl es, cobffidienwd @€ Oine Ol @fgndZant e Hicikae crechgtfican8e MAY) Py 6OREdygided to
determ ne a set of top_scan order candidates, e.g., based on contextua

i nf or mat i BANPIOYE 6p¢{BE CERARY-es, vi deo encoder 22 may determine the scan
order - andop3sAhY AP ARahDR, SCHRACT AR SYRLANIC BLARIR LOlnclAl s bY

vi deo decoder 28. [0036] Video encoder 22 of source device 12 nmay encode
vi deo dattachnequei paaubd wsedn Wi théfocasa e eca@ing 9 deg cariedatesahmi lpudadined fartviash

di scl osur g i e RRUTE el MRURERTRAL 98 A YLARRABRL UF & df¥iGey UGl as
vi deo canEra, & video ar i ve coﬁPalnlng previously captufred video, or a
vi deo f eeghnkfodi szevi TRO coiidagRtinphO¥etd@E., tHStop debit bbder cahdiditarqtmhayediffer deo

source 20 may generate conputer graphics-based data as_ the source video, or
a conbi natﬁs%fﬁOfb‘_f’OﬂP iﬂwrvﬁa@ m%fi@ﬁ?ﬁ&i%szaéa?f Anie Ggue P@S@é%éﬁ%&ow deo.
In sone c@s&Smal be eHBRINSOWY GRe 3kolisr AndHgdBe ERNBHE inSAGEGRpaGHES for kRe and
destination device 16 may form so-cal |l ed canera phones or video phones. In

each casepredipieonc meder b, thp mambap oficertidatesc map rcerenge Mleanathe dotal dembamyf be

encoded by Vi e e 1003 [ I ngod .. Vi deo
encoder f%FMP Eggh@§~ed*@%ﬁgghgﬁ}%%%%@f%ﬁ&ﬁﬁgﬁ?ﬁﬁﬁ”%gﬁﬁgﬁﬁﬁﬁfgﬁ*%g1ﬁ%aen]23
accor di nght oomaplesitgmond fiatd mmlst afithprodndidatg s¢ansarddrs.a¥he detedeli mays defimertiid ti pl e

access (CDWVW), orthogopal freguency djvision |tipglexin or an

o her - conflieLth GR at s (B BoR Hhibe STt ne Bubitefiad b et Beer tiat a
can 11 tiiRfrbEeht barsndlihats Qlctasid hapioptr Ly bker blsvi a transmtter 24.
Modem 23 may include various mxers, filters, anplifiers or other

conponent 903 ilgnd dis faoblogk divaramrbisiratingorn cxamay videsr crradingyang rleredieg
circuits i f ), 11 < Ny £ a1 Ei , and
one or nore gﬁ?@ﬂﬁﬁ@%’%@cel%%?&%ggggg;e%?ﬁ%g%%%% %géﬂﬁgh%%§$%éé%§%%§{§
i nf or mat i iopludeser salmandaliccl B, than tranamdesnern2ddadlendetutoas dsstinhgon dévocarbd vona

Agai n, the video decodin rocess .perfornmed. by video decoder 28 may include
oei pr ocaERATRE SRR SR o Rt TECH iy o Ry €A St o by
of a wide range of devices. In some cases, source device 12 and destination device 16 may
comprise wireless communication device handsets, such as so-called cellular or satellite
radiotelephones. The techniques of this disclosure, however, which apply generally to
scanning techniques in video encoding and video decoding, are not necessarily limited to
wireless applications or settings, and may be applied to non-wireless devices including video
encoding and/or decoding capabilitiecs. Source device 12 and destination device 16 are
merely examples of coding devices that can support the techniques described herein. Other

video devices that may use techniques of this disclosure may include digital televisions,



[ 0038] Conmmuni cati on channel 15 may conprise any wireless or wired

communi cation nedium such as a radio frequency (RF) spectrum or one or
nore physwoabizasansm ssi on |ines, or any conbi nation of ParrisSk@sscemd w red
medi a. Conmmuni cati on channel 15 may form part of a packet-based network,
such as a local area network, a wi de-area network, or a global network such
as the Internet. Communication channel 15 generally represents any suitable
communi cation medium or collection of 18i fferent communication nedia, for
transmtting video data from source device 12 to destination device 16.

[ 0039] Video encoder 22 and vi deo decoder 28 may operate substantially
accor di ngligital glirgetduendeasipy eems. grbreadarsags of wirelssaeonmpenieatiop gieyigesmikeless

st andar d. nj S, 0 i i r jed in
he. cont et R Yy R R T el P o Pt S G BBl

ol d st andangsifergrdigieal comeeredigitalgresordmg adedsces,[ 0 0ek0 Banding hdewghs, modeos o i n
FIG 1, in_sqne casez ﬁiq%pd@ncoderdﬁg nd vi deo decoder 28 may each be

i nt egr at 8N T PR B G A S RY T A 8&1 er, and may include appropriate
MUX- DEMUX0038]tI8 , th® Exapiphe bf REG.dvab@cadelvisot1 wag anclide Haiddb eoebe ol ngided bot h
audio and videqg in a commpn data streamor separate data streans. |f,

appl i cabl @codauR2pEmastulgiordempgnlatenimesier) 128 AAe trapemittep 34. Rsstinabipr deyice

prot ocol , | P, PtlElC ANOLRRP0E, SHBRAD 7L DEidUS Qlcodat AYLAM RIsPRYCRict SPPIn

[ 0041] Vi deo encoder 22 and video decoder 28 each may be i nplenented as one
or nore mccodprecscadsdusslisadiosyic aldesicaeraler ¥ otevswrdevicDIP)ay eppinfigercd tn
specific | %o? I’saatmedn Ct!e{:ﬁ:nlilil}es Og‘)&lslé glss 1’051]; %:%lugné) LS e%‘%c%ir? gr%‘)%ceess ah DREF 1o
(FPGAs),lﬁiscre enféblc, L6F Ohar e Pharawares fif mar e ore ny “Conbi nati ons

t her eof . &aalizeoctficttas (ffdmdﬂdgr 0f2/2de@_l‘di‘;]ai\/ﬁrdiﬁ]9 ﬁ@ﬁhﬁa{sicﬂﬁhmyk ﬂﬂmhmlaétdﬁd in
one or nore encoders or decoders, either o iC e integrated as part
of 12 a c Wﬁvm@jgﬁ ers/ya@éof‘gg?e%@ﬁﬁé)e giherioded pedeq GROHELI i (RT3,

subscri befio b he HIPRIGRSIvedNARRd, AN ideoUecdd®® 2R ick® perfdint Hictiprocal
di scl osure, the termcoder refers to an encoder or a decoder, and the terns

coder, endodéereradscdec buzamagampésseboth gidsp ga¢dder 2 haecthyides dgpedérgi¥aday be t he
ot . ! Eoy ¢ . .
codi ng ( e&%ﬁ%g Zt?rﬁleg&ﬁl%g ggget Ur t\éhds%gn g)gae?zc?a%?@a%‘gisggb%ag{he%ln 'ncsogtextual

di scl osure. sone cases, devic era
subst ant i iafdrinasymmiat atha ak amplag) efideofedtodex atplag, deedameahe staviocds ad@ simpby may

i ncl ude vi de ncodi ng and decogdi ng. copponents.. nce, system 10 may
support o‘??é?%a@eé“rant Tr\}%vn\tﬂxdggr‘fl%&}’i‘s rélé‘i%“ﬂfé‘il_&%ﬁer %dep devi ces 12, 16,
e.g., forjouzslevidss eeadabn® o kdRQ BhadtbBCkay \chélRie \RdRadeARcbNed O Videso

t el ephony. [0043] During the encoding process, video encoder 22 may execute

a number OETEGH Wing BeHeahglasss of thipdisepsusns Viden squise 28l may, Feferrissrictider 22
oper at es i b 1 LR n L ndf Vi V] e . .

i ndepende%? Plgé e ﬁehée ﬁé?lfl}t%séegfc ﬁe%%gdo%g%gﬂug\s% gﬁ?%fé%?gﬁl%@ ec(r‘)lﬁlftagerdevrll%egﬂe t he
vi deo bl omlasvidder fmnk romsd vides ¢onpant proonksr.ofs i farthes altgnapsvidéo giucdellOaesay or

ot her data st{uctur?s rr?la}t%(1 bg) d%f' ned t%s units. of video i.nftor tli on .t hat

i ncl ude & PPEHTIRIDEAUSPHIoEES PREVIFAZSBI Yok CRATEIAE FFER&F0r
varying sirgised @aeh, ABY cethpiteigdnBrafidz8dC darseind @aded, il viiee Sbdrt@ g0 &ooiiago
standard. In sonme cases, each video frame may include a series of

i ndependesiieyR. dewse dpyiec §7 ppd destipptionedeices] ¢ pay dagn porepllsdecagcrephansgs of

video bl ogks, pﬁMﬂlesC hiB¥h pﬁe%é @mﬁgd,i ﬁ%-@aﬁ&%a oP %ﬁﬁér-@n@fé@' video may be

encoded by video encoder 22.

[0037] Once the video data is encoded by video encoder 22, the encoded video information
may then be modulated by modem 23 according to a communication standard, ¢.g., such as
code division multiple access (CDMA), orthogonal frequency division multiplexing (OFDM)

or any other communication standard or technique. The encoded and modulated data can



[ 0044] WMacrobl ocks are one type of video bl ock defined by the ITU H. 264
standard and ot her standards. Macrobl ocks typically refer to 16 by 16

bl ocks ofwoabw/osThe | TU- T H. 264 standard supports i ntraPpTas2ellios:yesd n
various bl ock sizes, such as 16 by 16, 8 by 8, or 4 by 4 for |una
conponents, and 8 by 8 for chroma conponents, as well as inter prediction
in various block sizes, such as 16 by 16, 16 by 8, 8 by 16, 8 by 8, 8 by 4,
4 by 8 and 4 by 4 for |uma conponents dhd correspondi ng scal ed sizes for
chroma components. [0045] The emergi ng HEVC standard defines new terns for

video blocks. In particular, wth HEVC, video bl ocks (or partitions
t her eof ) thely bpdrapanigied o) dessinggor dejdeq) 1oirviia Fansoutey) 24. WMadlepind3 prycngludadar d,

| ar gest i Lyl d i Sa n
accordinggggg%qgﬁégﬁ?ggkgg?pﬁg?gﬁ¥ﬁgmgcﬁgwgﬁégﬁéﬁ?%gﬁgF?fg?%ﬂ?h%ﬁgmg%gt are
def i ned iFransmattsic e mmymayglude cinguitshdesignad tfot iremadttingt dnts oncadling dumliéidisct i on

units (P . The LCUs, CUs 13 and. P | 1. video ocks w thin.the
roan ng. GEHTES RSet BB reEndfty el B fofuiiaturBes Do RETa b Mlibieg,
consi st endvewchdhntihes, ¥ G &leaneademedul @tk iMfod@stich0 dA fiin sthaRetRo dcodifiys,

the phrase "videq bl ock"” refers to any size of video bl ock. Moreover, video
bl ocks meBfosshasiqrEed prvideordscasden ek aayfinglidegiscigracal seanningptephnighes doHesh, or
bl ocks of,dahavidlo 8ndouansf orm domai n such as a discrete cosine transform
(DCT) dormain,”a domain simlar to DCT, a wavel et domain, or the |ike.

[ 0046] FulldhrGomwynivitdeccibhed ks (uy dinueks oy wirdes dawapd rapmaingetioref er
to bl ocks, of 500 6 Rl ARLLLSARE CRGILIC SNl 8 nbRdSSde. g, SEanRTnd

t echni ques of "t Hi’s “uit £ o8 ut'e %$&B par?ﬁcuParTy B TIPS scanni ng-such
si gni f i caditang @embinati@ndBSwir&eg ninfl wdadtmeiee f € dsinantsiomahae@hDs ke fhinhpary

val ues or flaggr(i.e , 0O ﬁ{ 1) that define whether residual transf?rnl
coef fi ci etftsPyckgiabaicd RHMOHC TSP Beo ﬁﬁfahfr.ei@awrkaﬁow (At P WaANk- 4F & globa
si gni fi cabwérk-Beh a0MR-TARIRY. ComMnidatioR chanf8ll B) genb@WIS rephddcHRSInhRYitHI$0 be
used along with significant coefficients to define the actual values of

resi dual comuwgriention dersfivincoepnlioctiothel didlsrapt gpmmuaisetian medigefdr| tednemitingray
conprise gqp c?agé%r&k SGACL hb Gl éi'eéh taﬂ(?n &JV?%%%”CV domai n, which represent a
di stribution of energy associ ate Wth & et of residual pi xel val ues. The
resi dual [003%|Vided wesdei A2 tand rvideoradecodon 2R mey apbdaecdubsthntidly uesondayr @sent i ng
the residual differences between bl ock video data, bei ng encoded, and a
bl ock of IS8 GRSTISS BBt PG B ErTodaan TGS METISEK of
predi cti ver fat dsdredrd thaly HIERAbP LMt inViBe dhRxf s0MNVEREYy SEN®hET A% e6disd | ce
as that of the video block being coded, or nay be inter predictive data
defined fy¥wpilsdnelpdingpeme pldmiangirds|or sew vepaeigie staydidat of the video bl ock
bei ng cod T, i L qu 1.S.d] r

el ot ¢ LA ZORRERAN M h SEPR) ARl albry M EPATE PR BE SR R® .
i ntra codealy caiht brougdgraedrivlithrant achoncogedsr eahdadodar, bed usednflode apgreprioded

bl ocks. [ 0 _encoder 22 .ma rform predi ctive codi in ich a

i deo bl oAk DEKHOR Sln o Otes Rt B8 BRETE SR E P ER pUB R Al 8 s 1 1
order to vid&niafdonindty @ afdadeorRbRgie ddtisGehiQaessplRhblIprUNCDEXEUX @ditog may
be intra (in which case the predictive data is generated based on

nei ghbor i Ay cerfpan dathe WY rﬁ-gﬂt Reltipdgrst VIR f T aRtBeTopTorple syichhps thet wser (i n

whi ch Ca5£n%££?pﬁﬁﬂ%?§hyﬁ%data is generated based on video data in previous
or subsequent anes or slices). Again, the scanning techniques of this

di scl osurl@04dyVideo asmdert 22 sl welto dbedsic 3hrialigmayl be implemented as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits
(ASICs), field programmable gate arrays (FPGAs), discrete logic, software, hardware,
firmware or any combinations thereof. Each of video encoder 22 and video decoder 28 may

be included in one or more encoders or decoders, either of which may be integrated as part of



order for blocks of significant coefficients that are intra coded, although
simlar techniques mght also be used for inter coded bl ocks. [0048] After
gener at i nyot2be/qeradi cti ve bl ock, the differences betweerCrThs2auanseat vi deo
bl ock being coded and the predictive bl ock are coded as a residual bl ock,
and prediction syntax (such as a notion vector in the case of inter coding,
or a prediction node in the case of intra coding) is used to identify the
predi ctive bl ock. The residual block (il2e., a block of residual values) may
be transformed to produce a block of transform coefficients, and the
transformcoefficients can be quanti zed. However, the techniques of this
di scl osur& cprbingd spcosisiiseofles (1021431%%@ afrespseivguRAbile, devies: sHaTHPeR device,
coef {1 Ci ethicadieBel QbbL BEIRIRUCE: MRV SATRIY 8 EnPlelicPfREeR anincoder or
conceptual 'y sim | ar process, integer transforms, wavel et transforns, or
ot her t ypedecoflert amhht derms .codler, encDET qod alceskey alhsefantoespané eachihes dasmned or m
process cgnyerts. a, set .of pixel. values ( ., .resid . val ues indicating
differenc85ﬁﬁé?%@%#KQB@B%PP@%Pﬁgg)%ﬁﬁaﬁf%@%@??@nggﬁﬁégfﬁpﬁFwﬁtransform
coef fi ci €0042] mhiosl JaBY, HeEERSENt6tHE BpRHEEYn Af subktentil )y &lymvedtries mafnéhe
frequency_domain. The HEVC standard allows for transformations according to
t r ansf or nERTiCEAMDIST $ash o deyices\igi thmgyynahelegiidsoeingpding ard drcpdiag SANPESETS The
TUs are tNBIEALlNent!1BCHaACHANA BR-bay LheDLES HacEUBndBlbBR beklendyideo
partitioned LCU, although this nmay not always be the case. Quantization is
t ypi cal | ydeapps iléd l6oneghefot valesf ssreamgefvideoi @attrck.avideqyériadedstiyg.i voldees a
process t@ethlinits the nunber of bits associated with any given transform
coef fici ent? Tﬁb49] Fol Il owi ng transform and quanti zation, entropy codi ng
may be ple[lof)m] rmdingnthﬁ f@ca?ﬁglwtp'ro?ce@, améotdnaafst&f Qenegy kesuttuanunbeeof bddisks.
Syntax el enments, such as filter syntax infor ion, partition, size, notion
vectors, BFHEEALCE o6 PPRGHE, bt SeitorEr vidke 5P?P£F?§%,Opﬁaffga?%ﬁlds% bleg&t NHEE i n
the entropyiviRdeddd frsrhdsQ8Mthdn@PRRIAlly dEMidiRRMs SOHIAGUER BPLic8HSn BRRr OF
nmore processes that collectively conpress a sequence of quantized transform
coef f i ci eatoncededhovidge théacksy Rragesi hices. martioon of Bemanignyyrs Of Ristuere 9t AT be
per f or medy Nt AR QYA L2 8kl A0SEA! B FRET hh ek uhnALHEL phOufFDE AeOne o
more serialized one-dl nensi onal vectors of coefticrents Trom
t wo- di nensdocksalTheivitizo bidoke kity hihe fisabonmedyicg eizéd, andmiag diffee it biet agotdinpy
coded along wt ny syntax information, e.g.,. Vvia content aptive
Car i abi e Pongt eaprgt BdpavRap et sictutidiit Fobo g o et o
codi ng ( Gﬁ%@hden@z_d@m@rsh@&t bRPYach QRO HraPiRGeESa sdrRO20kided bERNE WiAsIES
consistent with this disclosure, the quantized transformcoefficients are
encoded byay be granged il evgnamsllgyhleckéance map conprising a set of
signific LGLant it R : I evel s
9 3{%4}1& MLEbBLARL e V(‘i'n% g#& & In??d‘ 802k 'Heﬁh%g{gg rt}l?enﬁ]lﬁ' 'ﬂf%@&g@&%&&‘ Gnd

or values o non-zero trans m coe 1 Cclents. , e signitl cant
coef fi ci evthe staylardarmpticebldekn aupjealipirefestoold ty Hgblotks @f. dat) Bie MU-THAaR64lef | ne

whet her residual transform.coefficients. are.significagnt (ji.e.,, non-zero) or

ot (1 e SRR BTN i ST Sl Tha o i t5cl b St b AT 1 he

actual vaforeu cbBySlentSsREigated it throhlaecom@nedts, cankelt agfidteicpebicgon m t he

significance map. The scannin% techni ques of this disclosure may apply to
¥ r

. I
t he scannyaiguobloghgizas; gishiap d akyd Onkpby FoDB ] 6.A5bp&rE bt 4 bed apdddy Ador
process, GRGARAcNASAIRbRHSHATRY sdif qd8L OB Lnidh L generate the video
data t hat ?g usggYPop subse ugﬂﬁgﬁregict?on-Bé@éﬁ%ggﬁPnd;of subsequent
vi deo bl ol@R43] TieiesneirgnoHEME stafderd dadintoneys teamsl éx oatlen dpldcbo pIngfartiduéar.emictodi ng
process, gener al | 1.m t degodi that .1 s _perforned, oder
v co. 11TV RATIEE Bkt Bt Buftiat Bro G aBaR PR IR baRIct R, R, W0S
t echni quehc MEW (b&acianl, Mgkt tailed udiey (HCUS) MK &¢ &iwdddidatogualleit and sthaljer, ClS$ro0t h
pi xel boundaries and possibly renove artifacts _fromgdecoded vi dea. This
filteringReiINgeloi haWHIBEC BT UHBYPS PERSHS YWY ﬁiq %ffFWBbCHSW_fwéﬁr«’n&? e the
filteri ngcQfmé SRINRL fUHEEEH VAR 18 s8-AtGHpRdichort BFitC@UIsNI ThO QR USMILED
means that the filtered data is stored by an encoder or a decoder for
subsequent use in the prediction of subsequent image data. In contrast,
with post-loop filtering the filtering of reconstructed video data occurs
out of the coding |oop, which neans that unfiltered versions of the data
are stored by an encoder or a decoder for subsequent use in the prediction
of subsequent image data. The loop filtering often follows a separate
debl ock filtering process, which typically applies filtering to pixels that
are on or near boundaries of adjacent video blocks in order to renove
bl ocki ness artifacts that mani fest at video bl ock boundari es.



[0052] FIG 2 is a block diagramillustrating a video encoder 50 consi stent
with this disclosure. Video encoder 50 may correspond to video encoder 22
of devi cewDQ@p120087H3Vvi deo encoder of a different devi ce. PAS/Gshawocions FI G 2,
vi deo encoder 50 includes a prediction unit 32, adders 48 and 51, and a
menory 34. Video encoder 50 also includes a transform 16 unit 38 and a
quanti zation unit 40, as well as an inverse quantization unit 42 and an
inverse transformunit 44. Video encoddd 50 al so includes an entropy coding
unit 46, and a filter unit 47, which may include deblock filters and post

| oop and/or in loop filters. The encoded vi deo data and %ﬁntax i nformation

that def |%vésPItIﬂ1érerﬁélnwée0 blpclfsméltblﬁctla@m?@nlﬁwfts@s cissloswiec ofeer tocenk Yidps
encodlng r may
por for mt RS 28R K B (SR IN sthe AR SRS B Cding AHERLTRY
scan uni tTiis, ﬁaﬁmaweéMKBOQRkahﬁdsdbaeﬁsmdmﬁgkkoéﬂédmiMhﬁ@vassmbo@keasmnth

L0, “wher ik RGBT R Blsor b P P JROaHE Bl BT A bl 4

quadt r ee tpakfolrii dyMag sSBNBIE dis€refeSdosing NfanWoih (DOE) QIGBGAT, lagioldﬁ\f{:sﬁhlaﬂ@wr d.

In encodlng the coefficients, scan unit 45 may select a scan order for the
coeffici E‘(@w@k“d@P@ﬁr@“@%H¥ecoefflC|ents) based on an intra codi ng node
used by pipgsk) cftdrfﬂemw}etwé@o bRl €8l Bhlner lollde& laafas ¥R 4t ABHR of
transforn1b|ock size used by transformunit to transformthe bl ock of

vi deo datw- caﬁcésignurﬁlpantweﬁﬁar}entgedledead,ethaswnmgxe@h@m@f the disshavurei oat ke t he
sel ected scanlmfd&%ﬁhor the. bIoc%

eIfag\}\?u i1y useful.in Sﬁzgmngysu A sk I%i%/%ahegogﬁments ASSlgl%l lcg%'t nc%gfﬁme gl’lg%iﬁrp

det ai | deanorder st rem a rirs

tabl e f orcompia ebjlﬁmy3va11&@dorrrﬂyg§elleect) bhe) snzandefrrﬂeWhétharrr@melc&aﬁisfd)mokup
tabl e for c&iﬁ1 ocks The |fferent | ooku gles may. be stored in
memory 3450¢ gnprhigh may beyuantzgd o ot zaareérgnmnfb s P&} n

anot her ngmk ¥, ea%l%§swde@vmessfﬁanalm& ust@ aloﬁlg%ﬁﬂmgnﬁlﬁ@aﬁn@oem toldRERET
than sel ecting the scan order from every possible Scan order, scan unit 45

may defi ri@e actaadivabies pbyssisloalriranpigan ceeffidicatt dée a%@rluglatr@@fomr@ﬁfﬁcmt%@@y of
top scan Qffgke %aoﬁ‘c?c’kdcﬁ%%éfﬁcleﬂts Rl £8 fene %nglﬁc&ﬂ%ﬁ é(sel?tea 398'1{; %Ehto

defi ne the sane se scan order es as t 0Se€e de |ne
encoder . dhengrasaegityd withe sati of meshduagpllxeltm The r@nineldegxrclanticsldc adermaan be

a switched signaling s me in whi.ch an i al ue can define which of the
op scan Gl aaf S R e o4 e et e Y SRR L HECK AhgdeTal o
define t h@utsSediBy 8&od&f, ah@R L3RI Yrdidtive dittbodRtLssed FrhraRphwe dnbsdihgldene val ue
to determ ne which of the tog scan order candi dates shoul d be used. [0055]

I n one svitlo@nefdpredigiiigl Jagrgmay appite, predigiveudeta framm thefqntelarpe getlicefs thapoEcan
order cangl 6% Jci%rbeﬁl%q{ad% oft nRlyWelhdel ¥re@lciPOTHh REfnddfedift LCHALQAS: ARAES

based on a set o possi
or slice relative to that of the video block being coded. The scanning techniques of this

disclosure may be used to select the scanning order for blocks of significant coefficients that
are intra coded, although similar techniques can also be used for inter coded blocks.

[0047] Video encoder 22 may perform predictive coding in which a video block being coded
is compared to one or more predictive candidates in order to identify a predictive block. This
process of predictive coding may be intra (in which case the predictive data is generated
based on neighboring intra data within the same video frame or slice) or inter (in which case
the predictive data is generated based on video data in previous or subsequent frames or

slices). Again, the scanning techniques of this disclosure may be used to select the scanning



scan order candi dates, selects the scan order fromthe set of top scan
order candidates for the 17 intra coding node used to predict the block of
vi deo datwip 2aredsgaBer ates the syntax el ement to identifyCrhs2eeloedsed scan
order fromthe set of top candi dates associated with the intra codi ng node
used to predict the block of video data. [0056] In another swtched
signaling exanple, scan unit 45 defines a set of top scan order candi dates
for each of a plurality of possible trdAsform bl ock sizes based on a set of
possi bl e scan order candi dates, selects the scan order fromthe set of top
scan order candidates for the intra coding node used to predict the block
of vi deo Yderafor hlegkyehugrifieant cpeffigigpts dhat afeiniatcodeyl, |ahhwg£fsymtl%ée@@l@é% ed
scan ord dates associated with the intra coding
node use?ﬁto{%gig?%$atﬁwg%f(ﬁedggﬁgédeo data. [0057] In yet another

swi t ched [9D48] %ﬂmgeeeramﬂ th¢ pedanivehiotk.4be didgkiones tetveen tiof cmpt widemblocider

candi dat for mbi.nat i ons..of , passi bl e _i.ntra _cqdi ossi bl e
Cranst or i1t G EH B ey b e e o PEE P RAHER SSE
defined f@iichtfie raemdy vator %&e@ﬁsmﬁﬂebbcﬁilngwa a peaditiog nivdd &s thandsepsrssirdl e
transform bl ock sizes, selects the scan order fromthe set of top scan

order car i) ésusedio tdeatify ihs AredishynBloedehg tssuplPlegkeliee gk b resaquaby

vi deo dat%lue@j“&a%@%ﬁéf@ﬁnédﬁ% éﬁé/dﬁfcé% BR & HankBrrh Q@é‘fhblfeb{tst 4 B 'n%ﬁéf&% scan
order fromthe set of top candidates associated with the intra codi ng node

used to peoeliicomtst dae Helqueitizefl. Vlosswerd tedechhBRE8H! @rrbsrc@su;ﬁ mepualsegprihen

encodlng4£rocess%EV|deo equg%%)SO r%ﬁmmﬁesfﬁav%deo | ock to be coded, and

predlctlone§ﬁ$%0 8%%3 prealcflve codlngIF nWCIn@KSfﬁals Rt ock

may conprbSE @oédsk @8 cotiddptuatid sabidareprodss, rrmeggletreﬂisa%rh;s *aRplEl gensdsiyhspbock of
vi deo dat a con5|s%ent W th_a % ]gpbased vi deo codlng echni que or

st andar d. ORI YRS O rrale,séﬁrrﬁglnb FSH a8 AR £Xale SR ISR HEBVBIYE K t o

be encoded b puRl hauss [ g>01<e§1dh£1 Pes AR YikERAK e BRQACR tfl 3ARSs Bhd
slices (e.g., one or nore "list" of reference data) in order to define a

predi ct i visediFidekvalyrghint tresfonmn eeoffieionts, n\ghlclpurr@m repricgmt thei enegy @éh@maqelas a
L A A L T
predi ct i omansfooktidnrorits t(”ﬂ@s)\/wﬂem rhﬁmkdlffmeﬂtgfoc dufitecknt QUST Crhe TUs agetyeicaliye a
Ir‘r:;l ggﬁ;)rsl%e %?1%0059151%1?'&%?:‘03?]&65\/ aeﬁ/nedff%r alpra]lg’t%{ongg idf?, al oug %tlsl r%gy lillrg![t 32
always be the case. Quantization is typically applied on the transform coefficients, and
generally involves a process that limits the number of bits associated with any given
transform coefficient.
[0049] Following transform and quantization, entropy coding may be performed on the
quantized and transformed residual video blocks. Syntax elements, such as filter syntax
information, partition size, motion vectors, prediction modes, or other information, may also
be included in the entropy coded bitstream. In general, entropy coding comprises one or
more processes that collectively compress a sequence of quantized transform coefficients
and/or other syntax information. Scanning techniques may be performed on the quantized
transform coefficients in order to define one or more serialized one-dimensional vectors of

coefficients from two-dimensional video blocks. The scanned coefficients are then entropy

coded along with any syntax information, ¢.g., via content adaptive variable length coding



and notion conpensation units that identify a notion vector that points to
a prediction block 18 and generates the prediction block based on the

noti on vewoan12/0BypBcal |y, notion estinmation i s consi der @dTiUseopoeess of
generating the notion vector, which estinmates notion. For exanple, the
notion vector may indicate the displacenent of a predictive block within a
predictive franme relative to the current bl ock being coded within the
current frame. Motion conpensation is tlypically considered the process of
fetching or generating the predictive bl ock based on the notion vector
determ ned by notion estimation. In some cases, notion conpensation for

i nter- cocﬂ%’y[rﬁa)y comHet daptivathanas lREsHS coding UEARALL OF arushqitanBADY dpdies
permts t (g?tlon estimation process to estimte notion of video blocks to
such sub-pir xel resolution. [0060] After prediction unit 32 outputs the
predicti o[ﬁ%ﬁ]dolspman@lseaf:dzrstst@dw% thi8 d'sulbstrra,dhs qmdma'zwteediswmmoeﬁilcmts adrg om

t he video_bl ock cogded in

Lr anst or TSR B8 TEp AT aL s Pl Brc-iree SERETRag Gk T et RE Moicnts  or m
may conprwiiginaa dtaslgﬂoﬁheblaa§l orl tHeansfcodimy (1XF} @ valu&OoBE ephizalol Yrasdfoinl ar
transform suych as that defined by the ITU H 264 standard or the HEVC

st andar d. cosHiciats eygain fhe @gmﬁyan@@?ﬁﬁetemsé%aywmée FERPhEYISPTIEE Grsm @ he

t ransf or ng, ) Qfat B Kd \%hé?l@é‘?gsldﬂz\l &argkdrﬁ@édeﬁm&l%ré si2hTRaR]i YSEch-zdr8) FHTE
exanpl es, conS|stent wi th the HEVC standard, the size of the transform may
vary for @ef fzefpia nﬁdwsnalen@rmatdmpe%dalﬁ@ borntoded kedeflncdhe pamdl ivialugroir ey et hat
occurs w a'{sg] cli ﬁt migi’ an?coe ICl e gﬂsglorl alilnry § S (-Iilﬂ% Sc Yn agchgleful sned in
order to se t' alvs %rn15|ze ap p by ERSE 81 unirtcB8"e (e

t r ansf or n&, this ﬂtselgarre fagRPHIPtethe ssmnigadfdhet g@ﬁﬁéaﬁbmmpr ot her types of

transfor uld al sp_be used. In any case, sformunit l.ies the
transfor ﬁ?gﬁﬁ*ﬁep%g? B arce %Rrocwo%eﬂ??gw&e% ek weY Deckeerisl i PHIEr m
coef fi ci entisratcTihg Vtide%r@aft@fﬁa isl el GBe itk cquiRY pre PIRN G- BasEJI'%od{ﬁ%'o@ Yabscquent
information froma pixel domain to a frequency domain antlzatlon

unit 40 tvieee bleek i Zhis is ledtep acfertedito py ardetoting deswr 6 @pm@@dm@ pqurerShend
d bi i
reduce etnér% 1§ 3381%%’1# 5%%?%2 tHA?'% é%?drme§’ by %}%@g&e?d Eﬂ: heéoﬁﬁlr%p er 0

bits use eac coet Ficl en £ quanti za
coding u mﬂanéhacasrta:y o6 6 docaalng fitatingEyheaos dmﬁﬂweerﬁtﬂbﬁ:d 1A@alem to tdi]prﬁvesmdew ng

may appl so-cal |l ed si ficant coefficients, r each
of the q i 8 cmeoth RHer brorEan otk Perhs Srive agﬁl%ﬁtﬁﬂ? <¥$ deo.
nonzer o) . THi USltermg amayiNbd idfoofBYr NRGEIYS a Wi lﬁlﬂoo%um&ﬂuzgedth@.nﬂuérr@nsfor med
coefficients, generate a significance map (as well as the |evels or val ues
associ at er@ccwistrhct%yldgp ghtef ocermtin1the coding ileqrenthigh maprs Gt detfilioned daiplly a
scan orde t. apply
cniropy codrasy E8 Hr L bt £R0GRLTRP ssRAIeE e b bR hE

el enent s data.t hhecoetnastdeith host-ddopefdtering @6Rl}ering of acconeuictd, vidks daoct @duabove,

Bl ock. ot B SPACE, VG B e BFR Soritgs SEFe sk GafCrbeRan chocter ™ 11

coef fici egit s dedrer F@r subbfRc®l @RI il GaLelismm. off fubsuest ﬁﬁtg%f'tﬁttacoﬁ‘%llﬁblﬁnt S,
scan unit_45 may select a scan order _for the coefficients )
si gni fi caﬁﬂfer@s&ftﬁv éqlbmw)seb%tédeldﬁcla&ltqrwgrpawwWﬁgchr%malhsa@ah%ﬁlfﬁ@aﬁ%t i on

unit 42 10,08 8l G de Rhiin Jnewo@*gg %ﬁ% @f@@?lo@kst fnad} &b MRS R oS Used
by transformunit 38 to trans orn1th | oc vi deo ata Scan unit 45 may
gener at e atibyntlat nehdeent vide Wodnbmindatcs. t he sel ected scan order for the

bl ock of ﬁﬁ at Tra farm uni 8 and redi cti ni_t 32 1S |y

t he cont e[m) OFIgnfzg%snat 8?511( ?lagram 1{1 gat & gﬁa" tHe° C%F ockconSIfeeflpg"}s/lths;iﬁ?ax

i nf or mat i disclés@reeNVidep ¥ncadei FPmANicbrrédPond to video encoder 22 of device 20, or a video
encoder of a different device. As shown in FIG. 2, video encoder 50 includes a prediction

unit 32, adders 48 and 51, and a memory 34. Video encoder 50 also includes a transform



[ 0063] Once the significance map is scanned by scan unit 45, entropy
encodi ng unit 46 encodes the quantized transformcoefficients (e.g., by
encodi ng wopRbhermntidel ements that define the significanceCras2@ansetodhe | evel s
associ ated with any non-zero coefficients) according to an entropy codi ng
met hodol ogy. Exanpl es of entropy coding techni ques that may be used by
entropy coding unit 46 include context adaptive variable | ength coding
(CAVLC) and context adaptive binary arilbhmetic codi ng (CABAC). Synt ax

el enents included in the entropy coded bitstream may include prediction
syntax fromprediction unit 32, such as notion vectors for inter coding or
predi ct i oMyl # grantigtion WwWEOnas Wl At ax IvEBprERMEIZptn et ml aneverst r opy
coded bi t a [ it ' ' : L fiklter } 1147,
and the 1R RS A GERUE S bish elude PP ETRIPL QPRE AR b, il Sk bnif

t r ansf or Munittici3Riay [i006d] dbikCiltss emé post Jeomhndéert moloyp ddbidisngThe cioderlie

supported . the 1 TU H 264 standar nd .t he .ener gi ng C st andard ich
oy b st RS SRR feP B ahiy HEDFEhA Rt BB ki B cos
vari abl e doaiigiidicat@idionghtiopl Gheddadd @&t U6 EnwBpNebdihHahit ebfiacitidsel yeagampr esses
serialized "runs" of coefficients and/or syntax el ements. CABAC i s anot her
type of etiiFbpyy padrHythe seRIngIRhaiayporliiRY dbglopwe- | TU H 264 standard or the
HEVC st an@g%ﬂ, Tn'WahRelllaFB¥arP 8ni 2P a Lx QhitPa ¥RAAIIF ZRE dARSIR YoM Qiites 0di NG

unit 46. CABAC may involve several stages, including binarization, context
nmodel selwith adrockaefdvitkiondaty TR black tafirvedeo clatrodtian gompnset ©iCY) wabim, aneh€Hopy

codi ng uni}tl 46 C S ;98 ficlents an nt ax_ .el ement s, accor 1 ng.tq, CABAC.
wherein the is paftitioned info a sét o saccordmg oaquadtrefe parti Igniflg scheme
Many ot hefr types of entTopy codrng techniques al so exist, and new entrtopy

codi ng t ewhrikuiesitwihe lenlet died METastgrlatdd Th becdditiguhe cocTfidisntelissa @hidemays not
limted to, any specifi.c entrqpy coding.technique. .[0065] Follow ng the
entropy cStithy s Rt f%ﬁe _&9?3‘8%?%@ i StlgnA%?anf ﬁ%?%%%ﬁggal%%wlﬁ%gﬁng
transm tt,ggdid @cd B?{p‘f&%(cti@lﬁﬁhfﬁ 22 @ prRiRhY Btk OF vidRb Qhita bh @B $HhFSInPPLOOK size
retrieval. Again, the encoded video nmay conprise the entropy coded vectors
and vari owsd By temstoinnfiet Atd ms{ormdhabliopkyof Yideasdair ajcannmérifanayogenetase 2

| nfor M5 {0G0eGa0GT 18 colifRGRNME" IRy DU B ESY ARIASA SN saedaby the
decoder t'0 properly configure the ‘decodi'ng process. | nversSe quantl zation
unit 42 anxglaineden gecatar doafl delomunedn whdt 4pphy sdlevt dieseanualet framtd Hist Rokup
inverse transform respectivel to reconstruct the residual bl.ock in the
pi xel don@ R IOy o aal&d%ayt%&%@eaﬁaéw et o ASFIIAPOBIPIENC i e
predi cti ofloddsOathe RE@EUREEoKIY tREIEHGY bERtowl fh Memér9 3Ar QUithana, bELRBSIBIYCT ed
vi deo bl ock for storage in nmenory 34. Prior to such storage, however,
filter unitscarunbyS.Qpplay bestorekippgothey mepporyiagesssible gy keandmiifisr ove vi deo
quality. .[)](iﬁf4]f1h'sfc> ! Ak ér%nb%lefcphé Ble W0 brdbf ATRY SSPBEKIHK LlahaGh&, and
snoot h pi xel 'boundari es’ reover, fiftering nay I nprove conpression by
gener at i ngapnad#t tay eclindesct bk tpkssart brdtr codpaics endciebze fromttbh g of @pwcaleo

bl ocks bei coded. [P066] FI is a block diagram.,Llustratin n
oxormt e s GRaE ey IR oo e frcbf Tudbbe ot fRaN it Bhdht it
encoded igeak BRIcFBMIRIatdes e filar & e clddReS CABSIrMigglye RN cdBsy BEtwhi S

di scl osure may be perfornmed by video decoder 60 in sone exanples. A video

b
sequence PecBiaslsant deoderandtatariteed mgpaliunishrae inphidhcupdes slupran mage
fames, a &&he Wnhidd 8B 34 %c%@ &r%gﬁqma{%ésyisﬁ&é’cﬁdﬁﬂé Héb%df’r‘;lgw U e $hd ﬁ@?eg or

a wde variety of units o iO(rjeo Information that 1nc € encoded Vi
bl ocks ( swdue, alsfiGtshcosamasetobl ok sdanagrders yamdadetes nhumt apply dhe tindedefdlme thow t o

decode such vi.deg .bl ocks. | n sone cases, i,nverse scan unit 55 may sinply
apply t he&eéegrélﬁneo\?%agl% Oftﬁg%()pl Sgans?rg%raﬁag@‘%f‘tﬁs %H?gﬁdétf?cugacgd bitstream However, in

t he swit Cloess|Shasi@l iwigheX aigphies, ctanvds, SRas Gan 4sndéfided anwy Jfaegl steh deker m ne
the top scan order candidates. in_the_sape manner that scan unit 45 of
encoder SUNEERS rﬁéa“ me%p[%l%eéﬁow Mtia£9dingpestss based on a sct of possible

scan order candidates, selects the scan order from the set of top scan order candidates for the



21 [0067] Video decoder 60 includes an entropy decoding unit 52, which
perfornms the reciprocal decoding function of the encodi ng perforned by
entropy ewoadizng7uait 46 of FIG 2. In particular, entr@epy/useciomdssvgs unit 52
may perform CAVLC or CABAC decodi ng, or any other type of entropy decodi ng
used by video encoder 50. Prior to such entropy decodi ng, however, inverse
scan unit 55 is invoked by entropy decoding unit 52 to reconvert the bl ock
of video data (e.g., the significance fdp) from a one-di nensi ona
serialized format back into a two-di nensional block format. Level val ues
associated wth any significant coefficients in the significance mp may

al so be dléeweang rode g3ed ta mserhctahabhorie ot videe daternnd\generatshthectyax siegieat i ng,
at | east g&ﬁf@% &ﬁec?ed%%rb%ﬂiem:rbq{sﬁlg%'epgffo %B&ﬁht@é‘%% A3RAGHH &d ; eré h a
bl ock of wvi data is pertforned by I nverse scan unit g. I'n particular,

i nver se swdmgumukt5ainuymh€db¢bbCQo%Wmtaknelenent mnth t he bl ock of video
data, whereiLn .t he nt ax . el ene t defin scan set

scan’ or ddoiadl i aaBEl S SEBM ot B0 STl REO s S bl B an
order canghdidbes fdasedo fnplonetyost pasdiblc @fandBrm Blotia siz@dbadgl 68l ect s polssitle
predict the block of video data and a transform bl ock size used in

t r ansf or nicAyOtdgecapdiiates-orlegis daoscamerler A the i 0§ Erseamoidgicagrisiates & the deo
data fronmya, 36dih@hioaedsdeB rp%@attﬁé bl%@k et vidbs afth %la g%erweg% Hat.2 eteehe%t

t wo- di nensi onal Tepresentation of bl ock of Vvid data based on the
synt ax el terrderttify dicatdlaceedt sgan htdedélform@d sseof b aneldet@mssomded votindicdatres.

Again, the coef fc{eculsg@%ocpr?cﬁé/t t@? filios v1§e au‘l cant coefficients and zero

val ue coeffi &i'en €0 ‘data may conprise a significance
map that [@e$7|nesectetist gmtdhed alrghalmgefxﬁmpleenhﬁ uﬁllﬂ d5 tbfncz arer ofadpuean order
coefficient Levels be defined and co. ated for. those _transform
coet f1 ci eHPSEnOTaFuN RS £ @assag © Fifanep oAt posg@%aetnstﬂree otfecoder
60 al so iggkudest anhf eétl&tlbdggtbténsaaniﬂdera&nmﬁeg &Iéﬁﬂé&imr' FaldoRbitdfibhs 86, an
inverse transformunit 58, a nenory 62, and a summer . In particular,

| i ke vi derpseihlecnes cabng modesoandawstible teosforne blagk sizgs, me@dts dhd gan epder fRm and a
filter u 7 C n eQ fec i on
ormens R S e Ve R PR B RN U, o

sub- p|erwdmt@nmehd@tmﬂmtmmehemnmekﬁmnmmnﬁ@mﬁeﬂmmlbmed@em&ndﬁnhkeﬂmumtt 57

may filter.the o ut o 64, and may receiye entro ecoded filter

" or mat 1 GrioR G b wreidel BB o PedodBRrreEr B © Bpier B FROTRE" by
filteringgata 22 [ 0070] The scan order signaling may occur on a

bl ock- by- bl ock basi s, g., for macroblocks in H 264 or for CUs in HEVC.
Consi st ent00 tﬁlt%lteW@Ye%mgutb@eqqei@ grosadarideo epceflrof regeives deisleg dlogk hahe
correspo ABay LCUs
may ref e%td%@cggzjgédﬁﬁ{q{l !;u Q}Vﬁzﬁﬂ; fﬂg%ﬁg@@??ﬁd&e e%llﬂql\?dn C h%t‘%gér%tstg vesamay be
sub- di vi dehprist @ €hhhdeuﬂﬁh&aamaomdhmgfgekmﬂbdummewpanW|dinwﬁgmmNden
guadtree art|t|on n ualr e-shaped L i s divi t fou are
dhaped coRBy Sah S Sur g L Gt o Ry e s e ioicker o Mamad 1 o1
coded uni frsdiags0iindi Scdmpattant v R0 BRICK itd bOBrhddged %ﬁuﬁﬁl&écﬁ&n&ﬁé Q¢ indired
with each CU to indicate whether further quadtree partitioning was used. An
LCU may bedeisieienge dames At Picen (- crus, orappic t hd” pbisferends datay inefeer 9elefipg t her
di vided i Kk HEV! batddy evel s
of quadt refel%(piggt@‘% %)ll%gnl algf ﬁ?hle oﬁ)(ﬁﬁ%gjlq @Jt%iﬁm%?ﬂﬁgg& {)atéé llre(e&h\,l;feﬁg}r:
partitioﬂwmglDhewuﬁtbnmidmwawmgu§h€w@neuhéaﬂmhﬁer%mdNGM@unmyﬂbenpmSﬂher
partitioned |nto P he ed| t|ve e d t t t he
CU. PUs n%r dlg Ssu q‘:&ﬂ%@g&shap bt[r 8t % ICU b%Og%l %?m £ e({sgopﬁlf)%7 é]mgzl GS.
4 and 5 &hﬂmdQﬂﬁdﬁxagamfmeﬁnﬁﬁM@HﬂMﬁdeo bIock within a slice (e.g., an LCU)

can be partltloned i nto _sub-blocks (e.g., smaller CUs). As shown in FIG 4,
the quadt P8Istlereatiyels formigice spéias blg/fedleﬁ\?n Ky 3B anay PAriTisg RANOBHTRNPR er s,
whi | e quagiinf&icnudnkRGlisn L tﬁﬁtlggltl%y a nddkibn Vg@bfr AXM poRfis {0' d ]%I%&l%ﬁlon B-IB@k

deci sion of whether or not to Iter a given block or sub-

determ ned at the encoder by conparlng the filtered result and the
non-filtered result relative to the original block being coded. FIG 5 is a
decision tree representing partitioning decisions that results in the
guadtree partitioning shown in FIG 4. FIGS. 4 and 5 may be individually or
collectively viewed as a filter map that can be generated at an encoder and
communi cated to a decoder at |east once per slice of encoded video data.
The scan order used for any transformunit defined for a given CU may be
determ ned at the video encoder and comuni cated to the video decoder as
part of the bl ock-1evel syntax.



[0072] Wth the emergi ng HEVC standard, transfornms (such as discrete cosine
transforns, integer transforns, Karhunen-Loeve Transforns, or the |like) may
be used twoadermspuse t he coefficients of a residual bl oekTafS2daeddso t he
frequency domain. Then, a "significance map,"” which shows the distribution
of significant (i.e., non-zero) coefficients in the transform bl ock can be
encoded. The levels (i.e. the actual val ues) associated with the
significant coefficients 23 can also B8 encoded. A scan unit (such as scan
unit 45 of FIG 2) may be used to perforn1these encodi ng steps. [0073] To
efficiently encode the significance map, a zigzag scanni ng order .

used Wit hané ggBeraten theapsedicomi Riorkt hasgd orode metiop Fectto nlypisedly caelian %Fl@ﬁ}%’ 1N ar e
likely | W f ea t sform
bl ook Hageoay SR Gpiop s drIREnie BeeRohutb ey Subetf RUARHS Bhudh, { FBE ot <
codi ng, addmmkoﬂaim@danwmngfmmﬁem®0ﬁ@ﬁmhdmwahmﬁmzoﬁaaﬂahad@dﬂodqwahmla
scanni ng) be.used.in in ances | ro es.the ¢ ci ency.
Cor | 2ont AR e eSS, By AL SO Vol

conpl ex  agehprapibh V€ tyFLaNi Jdgsi0Ede s myesalcﬁ“ofet@ﬁmgecfrl gumcrading this pdictive
consistent wth the techniques of this disclosure. [0074] In this

di scl osur®docksbaspd omithe metionpcirelsiceniged Pérﬂémonseéfémﬁtmg Iarseg}%a?e@r mytie er ent
intra pr e&;n?ﬁeh%oﬁrqgﬁ%taa&%qlg%ay hﬁclﬁ&'@o%t%ol'aﬂ&r{satop&ﬁ)dbl%l' RL1Rse e, t he

transform bl'ock size used intransformng a given b of transform
coeff|C|aﬁm@HSHNIowgnewﬂnphenpumewgebSUnmomxmay05@Mhnﬁhgkh@rmxbmnhm%d
verticall%g‘magster scanni ng orders. The desired scanning order, e.g., in
the sense Ot "TAte-distortion, can be deci ded by vi deo encoder 50 (e.g., by
scan uni t[0660] zb&erslﬁ@diamnn@nmmm@mé 0z @gadldmn ibta@Rf &ld, afendddee A isglttacBrtller s

or other scan orders, if desir The s cted scanni ng order e
§ ransmi t ti¥ lﬁ\ﬁquhf’]ﬁ‘ﬂf E@Hbf}?t Yla%g gk &emgaf@ Gt RTdeR (e Bensyiie axrfswﬁ?bﬁ%c
decoder. ¢0Q%ph ERT SpEA o Wakdlodhh® HEYGidlpPaE dThe E@E@M{ Hi'a%‘ Rbhpa& dray

support differently sized transforns. For exanple, 128 X 128 ransforns 64
X 64 trandifoetpeosigtrasgam @Dd}ifs)fcmarmncep@mkyEamﬂaramﬁ@rmrﬁuch@sths definershyor ns,

X Post ARBRGNR R Baklot ARNHEOE il ).cBRISUBREAL Ly dS may be

di scl osure, in one exa es a nbde depende i Xe
coefflC|akﬁnabdtpgﬁhﬁﬁﬁmnnnsﬁﬁmahxmamnh&mgnbmuhmﬁahkm«dmkiMabbelﬁmr imt r a

bl ocks. The node ependent fi sformc ff|C|e t c ng techni que may
ns900; at SoTHEISRAR oSS VIR T 1 RET Spngrddf sz P! %gan%ﬁbw%% the

scan or dedifftRht @0s, N rc&p@ﬂi(ﬁ? 64 tRNVEPIEpFBN oMLy fhak&@ufsOFitiare@poeetd 4 giapsf orm
size. Scan unit 45 may avoi d an exhaustive search anong several scan orders

in order k@Ur &w@orﬁbwwe(ﬂlsg/n% befdefined @ eieler torficy ths traagfopp siepaliedbn
orders, Sﬁlﬁtlﬂﬁﬁ §s’fm%v£xle'i@% tran SBMY e O MY RE PLBLBand WMRsBimd BE ofiGPeEfi ts

associ ate tl p e Sscan
types of transforms could also be used. In any case, transform unit applies the transform to

the residual block, producing a block of residual transform coefficients. The transform, in
general, may convert the residual information from a pixel domain to a frequency domain.

[0061] Quantization unit 40 then quantizes the residual transform coefficients to further
reduce bit rate. Quantization unit 40, for example, may limit the number of bits used to code
cach of the cocfficients. After quantization, entropy coding unit 46 may scan and entropy
encode the data. Again, this scanning may apply to so-called significant cocfficients, which
define whether cach of the quantized and transformed coefficients are significant (i.c., non-
zero). Thus, scan unit 45 may receive a set of quantized and transformed coefficients,

generate a significance map (as well as the levels or values associated with any significant



24 orders. Fixing the scan order for both encoding and decodi ng nmay be
particularly desirable for easy and parallel inplenmentation. [0076] In one
exanpl e, wbeot2shnidques of this disclosure may focus onPCmtusaoihioemdks codi ng.
In H 264/ AVC and the Test Mdel of the energing HEVC standard, directional
extrapol ati on net hods may be used to predict an intra bl ock. Because of the
directional prediction (i.e., based on intra data within the sanme video
slice), the residual block (in the pixéP domain) usually exhibits
directional characteristics, which are then inherited into the transforned
coefficient block (in the transformdomain). For this reason, a node
dependent cosEgimtngansletslesatdopply anemorasiciedhy pignidisenge mpp. sEmfpy oeeding
significant ! i.gmnifi :

pr ove. it g Ty BeF Ay B e Rl oGRS YR SuET M o

t hr ee scatyniapgleorederis theguidoded dbrtstreascanni ng orders coul d al so be defined and

used. The e exenpl ary scanni ng orders y_include: the, zi gzag sgan
(FrG o obehidR ST SR g TN e G0k, p cBfndl 3 Peffil oy
Vari at i on®e&legdhtofs@®l Wath iaOsck It videg ziag, SBRAMIYGcoaipdisy BHetseCa si@ificant
hori zontal scanning could al sg be used, as well as npre conpl ex. (and

possi bl y @§Hpsienreaionn thy tepidicancgamam; Ipcargsiing {hejcqetigicnise shag yng > may

di recti ongjangdsTRAfad: RlGKe c&PRIERE &Y., WirdificanPEocI8SEnYRARd & arIRYCcodth e
shown in FIG 7. The block nmay have a size between 2x2 and 128x128. A

mappi ng fmods usod bFpredidtinn Bow 42 topredit) tho dlagiyof gilao Hetaland b trangommbplognsient r a
prediction d r edVb of a.black,. with.si.ze (blkSi ze o_a scanning

b der - (scaaTBTARbRE MBS wotarRsPrdicplit B GugEu P SRhath A SERRRAY (o
ot her scayynfkdeesnt heohewhithiguts sotctadefdaneordbe facar! bivcly alfueided @atat he

t hree scapni orders as sef forth jn the TABLE 1 provided in FIG 9
scanl dx:ﬂra}lsgg%a@} é? l@gaiﬁéﬁ PR S PRY [Sewﬂb]therﬁ@tMi%fgrm%}wet(ﬁén thay

conpri se @od@dagn@blboedizdad §nta infriBRet Bentrah) &dinthingtiecan be stored at
bot h encoder 50 and decoder 60. In one exanpl €, the mapping function can be

i npl ement [@86HOncernthp pigndficents! Bmangs seannfdby tschn upkhetSTABLE@Y2erspdiRE@Nit1¢e | n
1L, 2 S ARG AT D185 e o RIS IR Al o
scan or dethe y@hifeande m&ABkl the pevald Gdectidted Fith.an® nod-ABbEotffipicaw) dedrding Bd G 9
may be a a]:nl é(n?r%p§/ %8 igg ?&e%o%gloggf. té;(gmg e(s:% %rrltroaf)rylfdcotdﬂl?g techniques that may be used
by entropy coding unit 46 include context adaptive variable length coding (CAVLC) and
context adaptive binary arithmetic coding (CABAC). Syntax elements included in the
entropy coded bitstream may include prediction syntax from prediction unit 32, such as
motion vectors for inter coding or prediction modes for intra coding. Syntax elements
included in the entropy coded bitstream may also include filter information from filter unit
47, and the transform block size applied to the video block, ¢.g., from transform unit 38.
[0064] CAVLC is one type of entropy coding technique supported by the ITU H.264
standard and the emerging HEVC standard, which may be applied on a vectorized basis by
entropy coding unit 46. CAVLC uses variable length coding (VLC) tables in a manner that
effectively compresses serialized “runs” of coefficients and/or syntax elements. CABAC is
another type of entropy coding technique supported by the ITU H.264 standard or the HEVC
standard, which may be applied on a vectorized basis by entropy coding unit 46. CABAC

may involve several stages, including binarization, context model selection, and binary



25 decoder, and the node indexes of the table may be sel ected based on
enpirical testing of various different video sequences. [0080] TABLE 2 of
FIG 10 meip200msrilse a table applied with respect to "Il eca/usk@alos4964 For
chroma bl ocks, a simlar |ookup table approach can be used to determ ne
scan directions using table below The chroma | ookup table may have many
fewer nodes, as chrona bl ocks may only support 4 intra nodes, in one
exanpl e consistent with the energi ng HZ)C standard. TABLE 3 of FIG 11 nay
conprise the correspondi ng chroma | ookup table relative to the |uma | ookup
table (TABLE 2) of FIG 10. [0081] In a further exanple, a node dependent
swi t chabl ®ithpefics £ofing.c daf tisc Fasat cetsiynepding WA (ftfe codsy weffisicats BYd s¥apx uni t
45 and sc [ : ' a i : ' be
dof i ned ronmei pecdting b CREACCARny bR AFACD! QR KBlink AN AALERITBY

di f f er entandorei erdtoppresdiof tgphetiuet wihlikaylemared it tlanSitwe mlbiszdscldsoret hinst case,
t he best Fcigping ord%r fgr a Q{oqk ngélbe determ ned scan unit 45 anong
the top c TS BY SR HHETSRY C9C5e C}EﬂI &h predi cti on node, but the nunber
of candi d@aveq Follywhe the éafopyading b ch®d@l endbidibe tnidf6, NS &icoli&l waanfhyBe
orders. This technique nmay add sone conplexity tao encoder 50 (and, decoder
60), but %&nsmﬁaedsfan@%heﬁéféwe%wr |arghityedt 198 lgipeskyissjon of Eef¢VRbd /b dRe of

candi dat €364 GULS LRy MESRYGRe chiléh,CBRRICRLRSs HRY vRSodll {neketordRRGNdI Ng
on the intra prediction node, the transform bl ock size, or both the intra

predi ct i dinohwlieg theheyrtteanmsbonaniopl bek idpines. tHe0O8RHeITABIE 4cannofdkeG  Hach
illustrates an.exennl ar i f .possi bl e an orders.to i ndex, val ues.
Soan un (EopER Rl PR oRL (RABLR; SrkERR B SRR brideENntBle oS
"Fs(*)" acqangianign tvait BQuaid @Rer jrasvieknt Ohis 48CcPpR nuarsd qeantia@yoncaldciuvate how
i kely a scapning order can be seleg%ed.to e the candidate of _the bl ock

with sizeBPIo8nz ESBEH VY i CrmsiuGite rpiduaplaek nsths il goipain. Summer 51
Fs( pr edVbgRs st #RirsGaN Soah BIadk 19Mhd Br:dBASEH10BIN pldABc IR Sediddidturiis 32

cal cul ated by Equation (2), scan units 45 and 55 can define the top three
candi dat e Hroduceactecpsedted ivisigo riderk for smsganasgBey atdedPupt to suchistosage,

et o LB LTt ST P e S B RL BRSSO GBI

bl ock si z@teribgcarplicd byt diltthiuaitt £ hmdyquelucs catifactai ind4smea@h skgnbdundaeesof

three st al{/[%rseo gr?%?tlegr?é ?n%’y i?n%?odviedgotfplres%%g t?yaggrlega%lngz reciigtivteh\i/i €o %Pocks that
comprise close matches to video blocks being coded.
[0066] FIG. 3 is a block diagram illustrating an example of a video decoder 60, which
decodes a video sequence that is encoded in the manner described herein. The scanning
techniques of this disclosure may be performed by video decoder 60 in some examples. A
video sequence received at video decoder 60 may comprise an encoded set of image fames, a
set of frame slices, a commonly coded group of pictures (GOPs), or a wide variety of units of
video information that include encoded video blocks (such as CUs or macroblocks) and
syntax information to define how to decode such video blocks. In some cases, inverse scan
unit 55 may simply apply the scan order that is signaled in the encoded bitstream. However,
in the switched signaling examples, inverse scan unit 55 may need to determine the top scan

order candidates in the same manner that scan unit 45 of encoder 50 determined the top scan

order candidates.



swi t chabl e schene, but the candidates can map to different scan orders,
dependi ng on the node. Scan unit 55 can apply the sane candi date table so
t hat the wbree/stases properly map to the correct candi #aras20110688]
Accordingly, with the candi date table generated, a sw tchable schene can be
used to search for the best scanning order in the sense of the rate
distortion cost anong the candidates for a bl ock having a particul ar

predi ction nmode and particul ar bl ock siZte. The best scanning order can be
signaled in the bitstream as video bl ock syntax. Because the candi date set
is usually smaller than the set of all scanning orders allowed, the anount
of signal %H@ﬂi\ﬁ*ﬁ@? geodsh QOamnabedes i gnicnirpyndespdmedueis P2 eviieh vistiopny thehemre
t hat signal: chaj & l.at i I i i :

[008a] A1 DRl R Yt Bl Dt a5, 1
t hi s di sc.osupagicuker,@ntrogy ddcbdinpenid &2 oray lpedorir kML cofeABpEadecadingfor unydeo

encoder 5Q, of FI al t hough ot her .devi ce y performsimlar .
ochni quedn i ifion? dbCte sty B iRetng B BY HBE" oF MEhcoMopg tecoding,
coef fi ci efifwievé® itferse Staniit TaRtinvoRed by entedpydecaEisOGhiabEE MeddveRRhe block

i ntra-coded bl ock of video data. Scan unit 45 determ nes an_intra coding

mode ( 140%)Vigfedlatele @ inhEgnibicsca mepb A Sterdigradonaharialigrd foumel ek tfe
encodi ng PrAC&sRndidtd Block FmRar £EEH Ales dERNRIOHTR WY Lol e dodisgh€ i on
unit 32 may conmmunicate syntax information to scan Uﬂl% 45 to facilitate

t hese dettbe mgnidicimsnsnapTmanafobrerdegadad. 38 may conmmuni cate the transform si ze
to scan uni and_predi cti.on_ unjt ommuni cate the intra codin de
to scan JipsidR AESGRh R N IRk PERING 85" ShauPrud B ehe

i ntra codidagdin®decfacientt Bgotin@d sfitrablbdkosthkyiddozdatd it $03drmedns igener @i usit
syntax el ement to communi cate the_sel ected scan order (1404 Fol |. ow ng
entropy codi HPaEFISht PP o Pﬁ‘@gﬁ My TAEIVAR %Y@@X&%%@égwtédh%lydaa% Bt the
syntax el geNhciid fhekhactendndicrhdenscdabaict #98set bMop Mad HBARSHdidkRE Scan
order can be encoded as part of an encoded vi deo bitstream and output for
comuni calnvere s@n anttharaydésfing thesst ofiap seaneordertrendidetos bascd am odeeehath o€ how
to perform:. L pr (. i ecodi I . 085]
Fa 15 10 Gl RRE Bedh BRI He RS MR A TR e
consi st enih twinkforhmigsthelibkek agurideo &S andiGnwvdréd sdae thkeblock b€ dideo atd frem a
perspective of video encod of FI.G 2, although ather devices

per f or m sTHAFf f?%@ﬁﬂﬁaﬁ%%ﬁil%ggglﬁ%ﬁd%dﬁ@atf"of’,“lﬁ BHORH TSN G HaT e set
of top sC@bckosftalcCaiibaad 88 tHolRahk clchtst KBRS iR ®Eiabd &t defopl deimbidde set
of top 27 scan order candi dates based on an intra coding node, a transform
bl ock si z@ndigptenotieaihdhe peqffcieriaingy eryersisariiEniicans Porfhieipnty eRd Feevalded to
encode  t necRagk hd WeABBdal Aald §8%hay TESEL o Qe AnSCRT, A SErfANAL dat es
may be programed 1nto scan unit or intra cod%ng nodes, transtorm bl ock
si zes or sgnbéanatdoofizicofs hmi rthe codi mglueroaeffamuhts r assklsr mapl e kleBinzle andBy

def i ni t .of d di t.he. nynber. of. passibiliti
S T T R N A R T e

si gnal i ng0oyHrVigasldecodabudlid indfidees predicasn ani$Bm,tﬁ%in€ér%%%tikﬂioﬁQﬂﬁ%i, cate
the sel ected scan order (1503), and follow ng entropy coding by entropy
codi ng uritt inyerse iapEerme Mes sy ao0cmely Gutdpdta suamey it axdn dreiel. Wit rdghe
encoded Vi ta rota r : i : FI G
15 both J?’g%ﬂg?égg%%g%%hgﬁ%pgﬁggg!gggg'epnéguﬁggﬁﬁéi%%%ﬁ?%ﬁfggpﬁgﬁge i ne

t he sane wet Sdoéf \tidgy decader 60 deny ivelndd thatiers campatidtios reéamentscad osalsly olber
syntax el goent, LARL; debinesot 8. Sean O denih S JRRDAER oHRON LAS (8L Of top
scan or del'Cafdiiat ed, Wit ¢l VPdEST encadet °8ad" afa W de 5 OaRE s Eer 88”ﬁ§y each
defi nﬁ LlnFiaelsmlﬁi S’B.Ifnalyﬂir}fterthe{ @1]918&] Oﬁﬁlﬁmel%ﬂ Sncﬁnfa&&\t‘(]:ceﬂjeaaéﬁmmé idk&dcf,sﬂ fadet Ng a
swi t ched signal.ing technjique fromthe. perspective of yjdeo decoder 60,

consi st enffapmetion $oi a8 tefdaedhgilicr captfisisalgrrpiad in ths lpep HEESHE bed from t he
perspective of video decoder 60 of FIG 3, other devices nmay perform
simlar techniques. As shown in FIG 16, entropy decoding unit 52 receives
a syntax elenment for a block of video data (e.g., a block of significant
coefficients). Inverse scan unit 55 defines a set of top scan order
candi dat es based on one or both of the intra coding node used in coding the
vi deo data and the transform bl ock size used (1602). This allows inverse
scan unit 55 to properly interpret the received syntax el enent, which may
conprise an index value relative to the set of top scan order candi dates.
Accordingly, inverse scan unit 55 perforns an inverse scan based on the
syntax el enent relative to the set of top scan order candi dates (1603).




[ 0088] The techniques of this disclosure may be realized in a wide variety
of devices or apparatuses, including a wirel ess handset, and integrated
circuit (WQRomwosariget of ICs (i.e., a chip set). Any compdrseaig/ocsvdul es or
units have been described provided to enphasize functional aspects and does
not necessarily require realization by different hardware units. 28 [0089]
Accordingly, the techniques described herein may be inplenented in
hardware, software, firnmware, or any c@gbi nation thereof. Any features
described as nodul es or conponents nmay be inplenented together in an
integrated | ogic device or separately as discrete but interoperable |ogic
devi ces. [0P70InHicennerer signalisg mgrescin ¢ea bloekniy GIRsK basiy we- fos aacblpchy
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di gi tal S|gnal cessor, DSPs) enetaL rpose . m Cr Qpr ocessors,

appl i cat i GHIEHEE-i0 ppwe@,}gﬁ*}fff Ja%xrﬂﬂ%mle% %sijsl? inptp éfﬁﬂglﬁrfgﬁ Aty ogi ¢
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These and ot her aspects are within the scope of the follow ng clains.
block may be determined at the encoder by comparing the filtered result and the non-filtered

result relative to the original block being coded. FIG. 5 is a decision tree representing
partitioning decisions that results in the quadtree partitioning shown in FIG. 4. FIGS. 4 and 5
may be individually or collectively viewed as a filter map that can be gencrated at an encoder
and communicated to a decoder at least once per slice of encoded video data. The scan order
used for any transform unit defined for a given CU may be determined at the video encoder
and communicated to the video decoder as part of the block-level syntax.

[0072] With the emerging HEVC standard, transforms (such as discrete cosine transforms,
integer transforms, Karhunen-Loeve Transforms, or the like) may be used to decompose the
coefficients of a residual block of data to the frequency domain. Then, a “significance map,”
which shows the distribution of significant (i.c., non-zero) coefficients in the transform block

can be encoded. The levels (i.c. the actual values) associated with the significant cocfficients



29 CLAIMS: 1. A nethod of encoding coefficients associated with a bl ock of
vi deo data, the nethod conpri sing: sel ecting a scan order for the
coef fi ci enO=20za82T30n an intra codi ng node used to prediPct/ush@lob4aek of
vi deo data and a transform bl ock size used in transform ng the bl ock of
vi deo data; and generating a syntax el enent to comunicate the
sel ected scan order for the block of video data. 2. The nethod of claim1,
wherein the coefficients conprise signi2ficant coefficients and zero val ue
coefficients and the bl ock of video data conprises a significance map that
defines the significant coefficients and the zero val ue coefficients. 3.
The met ho@nasocteaingpded. i aeasi it (sechsasgysin peifiAd of §EF 1 Pansnbsused ip ppdarm
one-bit f é%%:&gﬁﬂgét ntify non-zero value coefficients. 4. The nethod of
claim1, Urther co rising:

[0073] To efficiently encode the significance map, a zigzag scanning order may be used with

a general assumption that most of the non-zero coefficients are likely located in the low
frequency area (upper-left corner) of a transform block. However, to further improve the
efficiency of transform coefficients coding, additional scanning orders (such as horizontal
and vertical scanning) can be used in instances where it improves the coding efficiency.
Horizontal scanning, for example, may follow a raster-scan order. More complex and
adaptive scanning orders may also be defined and used, consistent with the techniques of this
disclosure.

[0074] In this disclosure, scan unit 45 implements different scanning orders for different
intra prediction modes based on the type of intra prediction mode and the transform block
size used in transforming a given block of transform coefficients. In one example, the
selection may be among horizontal, vertical and raster scanning orders. The desired scanning
order, e.g., in the sense of rate-distortion, can be decided by video encoder 50 (e.g., by scan
unit 45) by searching among zigzag, horizontal, and vertical orders (or other scan orders, if
desired). The selected scanning order can be transmitted within the bistream (e.g., as block
level syntax) to the decoder.

[0075] Consistent with the HEVC standard, transform unit 38 may support differently sized
transforms. For example, 128 X 128 transforms, 64 X 64 transforms, 32 X 32 transforms,
16 X 16 transforms, 8 X 8 transforms, 4 X 4 transforms and 2 X 2 transforms may all be
supported. This disclosure, in one example, describes a mode dependent fixed transform
coefficient coding technique that may be specifically desirable for intra blocks. The mode
dependent fixed transform coefficient coding technique may associate the scan order with the
intra prediction mode, which means the scan order for an intra prediction mode may be fixed
for a given transform size. Scan unit 45 may avoid an exhaustive search among several scan
orders in order to reduce complexity as if there are only a few possible scan orders, and at the

same time, scan unit 45 may exploit some of the benefits associated with multiple scan



selecting the scan order froma first | ookup table for |uma bl ocks; and

sel ecting the scan order froma second | ookup table for chroma bl ocks. 5.
The net howloabi2aisaiim 1, further conprising: def i ni mgTAISSEM /06964 Op Scan
order candi dates for each of a plurality of possible intra codi ng nodes
based on a set of possible scan order candi dates; sel ecting the scan
order fromthe set of top scan order candidates for the intra codi ng node
used to predict the block of video datd4 and generating the syntax
element to identify the selected scan order fromthe set of top candi dates
associated with the intra codin% node used to predict the bl ock of video
data. 300rdgs. Thdngrbenewn gtlercionbpthienceding prd decadipg inggyrkyg; particularly desirable

for easy and parallel implementation.
[0076] In one example, the techniques of this disclosure may focus on intra block coding. In
H.264/AVC and the Test Model of the emerging HEVC standard, directional extrapolation
methods may be used to predict an intra block. Because of the directional prediction (i.c.,
based on intra data within the same video slice), the residual block (in the pixel domain)
usually exhibits directional characteristics, which are then inherited into the transformed
coefficient block (in the transform domain). For this reason, a mode dependent scanning
scheme for transform coefficients (or simply for significant coefficients of a significance
map) may be very useful to improve coding efficiency.
[0077] Although the example below discusses three scanning orders, additional scanning
orders could also be defined and used. The three exemplary scanning orders may include:
the zigzag scan (FIG. 6A), the horizontal scan (FIG. 6B), and the vertical scan (FIG. 6C).
Variations such as combinations of zigzag scanning and vertical or horizontal scanning could
also be used, as well as more complex (and possibly adaptive) scan orders.
[0078] Exemplary intra prediction directions and mode index, consistent with the Test Model
of HEVC, are shown in FIG. 7. The block may have a size between 2x2 and 128x128. A
mapping function F(*) in Equation (1) below, can be built to map an intra prediction mode
(predMode) of a block with size (blkSize) to a scanning order (scanldx) among zigzag,
horizontal and vertical scanning patterns (or other scan orders). The techniques may define
the scanldx values for the three scanning orders as set forth in the TABLE 1 provided in FIG.
9.

scanldx = F ( predMode, blkSize) Equation (1)
[0079] The mapping function may comprise a mathematical model or a mapping table,
which can be stored at both encoder 50 and decoder 60. In one example, the mapping
function can be implemented as a mapping table as set forth in the TABLE 2 of FIG. 10. In
this case, the intra mode index from 1-33 (i.e., predMode) and the size of the transform (i.c.,
blkSize) may be indexes to the table that maps to a scan order value of TABLE 1 provided in
FIG. 9. TABLE 1 provided in FIG. 9 may be a fixed table stored at the encoder and the



defining a set of top scan order candidates for each of a plurality of
possi bl e transform bl ock sizes based on a set of possible scan order

candi dat e’ 2012/087718el ecti ng the scan order fromthe set Pofi/use@ 196864 or der
candi dates for the intra coding node used to predict the block of video
data; and generating the syntax elenent to identify the selected scan
order fromthe set of top candi dates associated wth the intra codi ng node
used to predict the block of video datd> 7. The nethod of claim1, further
conpri si ng: defining a set of top scan order candi dates for

conbi nati ons of possible intra codi ng nodes and possi bl e transform bl ock
si zes bas¥god, dsthe nafdepdaxen ok thectablegpatebe sderdsdibased on empitec!l fosting RE
combi nat i gps, OfifRRSSiRLEsd B das codi ng npdes and possi bl e transform bl ock
si zes; seFectl ng {he scan order fromthe set of top scan order
candi dat el908{rTABEE i2nofr AIGe dfli may pwu@isesedbleapphietiveh redpectbibotkmablogkdéo

or dor 1 oehemRiogr t offel REa P BB s e B Vet Bt B6GRE node
used to pisadh teble bblewblTaekhfmalodiay et tay Hve Hagy feichakbded, actiabita blockber ei n
the a bl ock of video data conprises a coded unit (CU within a largest
coded uniP2aY 108lY) SURRREr BilfTd MPIEEUN] ep@FANG SARPTI it theeemerel Ve
accor di ng PR AYAHITEES PaFic.t i PHHIeHGHREBhe corresponding chroma lookup table
relative to the luma lookup table (TABLE 2) of FIG. 10.
[0081] In a further example, a mode dependent switchable transform coefficient coding
technique may be used by scan unit 45 and scan unit 55. In this case, top scanning order
candidates may be defined for each prediction mode, for each transform size, or for the
different combinations of prediction mode and transform size. In this case, the best scanning
order for a block may be determined scan unit 45 among the top candidates in the set for a
given prediction mode, but the number of candidates may be fewer than the total number of
possible scanning orders. This technique may add some complexity to encoder 50 (and
decoder 60), but at the same time, can limit the complexity to a fixed number of candidate
scan orders. Moreover, the candidates may be different depending on the intra prediction
mode, the transform block size, or both the intra prediction mode, the transform block size.
[0082] TABLE 4 in FIG. 12 illustrates an exemplary mapping of possible scan orders to
index values. Scan units 45 and 55 can identify a score function for each scanning order
“Fs(*)”according to Equation (2) and this score function may calculate how likely a scanning
order can be selected to be the candidate of the block with size blkSize and prediction mode
predMode.
s(scanldx) = Fs(predMode, blkSize, scanldx) Equation (2)

Based on the score value s, calculated by Equation (2), scan units 45 and 55 can define the
top three candidates for each prediction mode predMode associated with a given transform
block size blkSize. TABLE 5 of FIG. 13 provides one example of a candidate table that is
generated by the above procedure for one given block size. According to this technique, scan

unit 45 can signal one of three states (candidate(, candidatel and candidate2) in this



31 9. A nmethod of decoding coefficients associated with a bl ock of video

data, the nmethod conpri sing: receiving a syntax elenent with the
bl ock of woder/matia, wherein the syntax el enent defi nesPpPaTAsan 1064964 from a
set of top scan order candi dates; defining the set of top scan order

candi dat es based on one or both of an intra coding node used to predict the
bl ock of video data and a transform bl ock size used in transform ng the

bl ock of video data; and i nver se28canni ng the bl ock of video data
froma serialized representation of the block of video data to a

t wo- di nensi onal representation of the block of video data based on the

synt ax el eYtEhble sehgmey buk hecpedidaes eragmapto @ftferen semaerders ddspeedinglion dbes.

10. The i .0 .thes: | Ci ' Qo f 1. cant
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conpr i sestodhaséogrect dapdidetes.nap t hat defines the significant coefficients and
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devi ce cofpichSfoRGhe best scanning order in the sense of the rate distortion cost among the
candidates for a block having a particular prediction mode and particular block size. The
best scanning order can be signaled in the bitstream as video block syntax. Because the
candidate set is usually smaller than the set of all scanning orders allowed, the amount of
signaling information can be significantly reduced relative to a scheme that signals a choice
relative to all possible candidate scan orders.
[0084] FIG. 14 is a flow diagram illustrating a technique consistent with this disclosure.
FIG. 14 will be described from the perspective of video encoder 50 of FIG. 2, although other
devices may perform similar techniques. In particular, FIG. 14 shows one method of
encoding coefficients (e.g., significant coefficients) associated with an intra-coded block of
video data. Scan unit 45 determines an intra coding mode (1401) and determines a transform
block size that was used in the encoding process (1402). In particular, transform unit 38 and
prediction unit 32 may communicate syntax information to scan unit 45 to facilitate these
determinations. Transform unit 38 may communicate the transform size to scan unit 45 and
prediction unit may communicate the intra coding mode to scan unit 45. Scan unit 45 can
then select a scan order based on the intra coding mode and the transform block size (1403),
and generate a syntax element to communicate the selected scan order (1404). Following
entropy coding by entropy coding unit 46, video encoder 50 may output the syntax element
with the encoded video data (1405). In this manner, the scan order can be encoded as part of
an encoded video bitstream, and output for communication to another device so that the other
device can determine how to perform the reciprocal (inverse) scan during a decoding process.
[0085] FIG. 15 is a flow diagram illustrating a switched signaling technique consistent with
this disclosure. FIG. 15 will be described from the perspective of video encoder 50 of FIG.
2, although other devices may perform similar techniques. As shown in FIG. 15, scan unit 45

define a set of top scan order candidates (1501), and selects a scan order from the set of top



a prediction unit that perfornms intra prediction coding of the bl ock of

vi deo data based on an intra codi ng node; a transformunit that
det er m nesoaotrv@naBor m si ze and perforns a transform onPChaskéooksed vi deo
data according to the transformsize; and a scan unit that selects a

scan order for the coefficients based on the intra coding node used to
predi ct the block of video data and the transform bl ock size used in
transformng the block of video data, &dd generates a syntax el enent to
communi cate the selected scan order for the block of video data. 12. The

vi deo encodi ng device of claim1l, wherein the coefficients conprise
si gni fi cajsen eeler ¢andidatst Basgd @n 21 iiracarling reqstst ¢ frensénmsblaghbizenar bth e ipfra vi deo
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comprise N roRh b kA9 Ao HRRbAS &F RN BEHE mideYUSa FARIHLS Wit Size. By
defining a set of top scan order candidates, the number of possibilities can be limited so as to
limit the computations and limit the amount of signaling overhead. Scan unit 45 generates a
syntax element to communicate the selected scan order (1503), and following entropy coding
by entropy coding unit 46, video encoder 50 may output the syntax element with the encoded
video data (1504).
[0086] In order to support the technique of FIG. 15 both video encoder 50 and video decoder
60 may be configured to define the same set of top scan order candidates in different
scenarios. The syntax element that defines the scan order is dependent upon the set of top
scan order candidates, which video encoder 50 and video decoder 60 may each define in a
similar manner.
[0087] FIG. 16 is a flow diagram illustrating a switched signaling technique from the
perspective of video decoder 60, consistent with this disclosure. Although FIG. 16 is
described from the perspective of video decoder 60 of FIG. 3, other devices may perform
similar techniques. As shown in FIG. 16, entropy decoding unit 52 receives a syntax element
for a block of video data (e.g., a block of significant coefficients). Inverse scan unit 55
defines a set of top scan order candidates based on one or both of the intra coding mode used
in coding the video data and the transform block size used (1602). This allows inverse scan
unit 55 to properly interpret the received syntax element, which may comprise an index value
relative to the set of top scan order candidates. Accordingly, inverse scan unit 55 performs
an inverse scan based on the syntax element relative to the set of top scan order candidates
(1603).
[0088] The techniques of this disclosure may be realized in a wide variety of devices or
apparatuses, including a wireless handset, and integrated circuit (IC) or a set of ICs (i.e., a
chip set). Any components, modules or units have been described provided to emphasize

functional aspects and does not necessarily require realization by different hardware units.



14. The video encodi ng device of claim1l, wherein the scan unit: se
the scan order froma first | ookup table for |luna bl ocks; and selects the
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encodi ng device of claim 11, further wherein the scan unit: defines a set
of top scan order candidates for each of a plurality of possible intra

codi ng nodes based on a set of possible scan order candi dates;
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data storage medium may form part of a computer program product, which may include

packaging materials.

[0090] The computer-readable medium may comprise a tangible computer rcadable storage

medium, such as random access memory (RAM) such as synchronous dynamic random

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

(NVRAM), clectrically erasable programmable read-only memory (EEPROM), FLASH

memory, magnetic or optical data storage media, and the like. The techniques additionally,

or alternatively, may be realized at least in part by a computer-readable communication

medium that carries or communicates code in the form of instructions or data structures and

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

[0091] The instructions may be executed by one or more processors, such as one or more

digital signal processors (DSPs), general purpose microprocessors, application specific

integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other equivalent

integrated or discrete logic circuitry. The term “processor,” as used herein may refer to any

of the foregoing structure or any other structure suitable for implementation of the techniques

described herein. In addition, in some aspects, the functionality described herein may be

provided within dedicated software modules or hardware modules configured for encoding

and decoding, or incorporated in a combined video encoder-decoder (CODEC). Also, the

techniques could be fully implemented in one or more circuits or logic elements.

[0092] Various aspects of the disclosure have been described. These and other aspects are

within the scope of the following claims.



33 17. The video encoding device of claim211l, further wherein the scan
unit: defines a set of top scan order candi dates for conbi nations of
possi bl e wotzor/msotBng nodes and possi bl e transform bl ocleC3iusesi 1oaed on a
set of possible scan order candi dates defined for the conbinations of
possi bl e intra codi ng nodes and possi bl e transform bl ock sizes;
sel ects the scan order fromthe set of top scan order candi dates for the
intra codi ng node used to predict the BPock of video data; and
generates the syntax elenent to identify the selected scan order fromthe
set of top candidates associated with the intra coding node used to predict
the bl ock of video data. 18. The vi@e8Mitodi ng device of claim 11
wherein the a bl ock of video data conprises a coded unit (CU) within a
| argest coded unit (LCU), wherein the LCUis partitioned into a set of CUs
accordi ngl.t o aA quddtrodenqudmgicotibnienty aswieaue, withl @blothef wildednta tieodéthgd devi ce
of claim1l, wherein the video encodi ng device conprises one or nore of:
coniprising:
selecting a scan order for the coefficients based on an intra coding mode used to
predict the block of video data and a transform block size used in transforming the block of
video data; and
generating a syntax element to communicate the selected scan order for the block of

video data.

2. The method of claim 1, wherein the coefficients comprise significant coefficients and
zero value coefficients and the block of video data comprises a significance map that defines

the significant coefficients and the zero value coefficients.

3. The method of claim 2, wherein the significant coefficients comprise one-bit flags

that identify non-zero value coefficients.

4. The method of claim 1, further comprising:
selecting the scan order from a first lookup table for luma blocks; and

selecting the scan order from a second lookup table for chroma blocks.

5. The method of claim 1, further comprising:

defining a set of top scan order candidates for each of a plurality of possible intra
coding modes based on a set of possible scan order candidates;

selecting the scan order from the set of top scan order candidates for the intra coding
mode used to predict the block of video data; and

generating the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.



an integrated circuit; a mcroprocessor; and a wirel ess conmuni cation
device that includes a video encoder. 34 20. A video decodi ng device that
decodes cwefzbizisen8s associ ated with a bl ock of video daCajustea/o¢ivdeo

decodi ng devi ce conpri si ng: a unit that receives a syntax el enent
with the block of data, wherein the syntax el enent defines a scan order
froma set of top scan order candi dates; and a scan unit that defines

the set of top scan order candi dates ba8ed on one or both of an intra
codi ng node used to predict the block of video data and a transform bl ock

size used in transform ng the bl ock of video data,
6. The method of claim 1, further comprising:

defining a set of top scan order candidates for each of a plurality of possible
transform block sizes based on a set of possible scan order candidates;

selecting the scan order from the set of top scan order candidates for the intra coding
mode used to predict the block of video data; and

generating the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.

7. The method of claim 1, further comprising:

defining a set of top scan order candidates for combinations of possible intra coding
modes and possible transform block sizes based on a set of possible scan order candidates
defined for the combinations of possible intra coding modes and possible transform block
sizes;

selecting the scan order from the set of top scan order candidates for the intra coding
mode used to predict the block of video data; and

generating the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.

8. The method of claim 1, wherein the a block of video data comprises a coded unit
(CU) within a largest coded unit (LCU), wherein the LCU is partitioned into a set of CUs

according to a quadtree partitioning scheme.



wherein the scan unit perforns inverse scanning the block of video data
froma serialized representation of the block of video data to a

t wo- di nersOanelosrapr esent ati on of the bl ock of video datraeThss@d/ooyet he
syntax el enment relative to the defined set of top scan order candi dates.

21. The vi deo decodi ng device of claim20, wherein the coefficients
conprise significant coefficients and zero value coefficients and the bl ock
of video data conprises a significance3dap that defines the significant
coefficients and the zero value coefficients. 22. The vi deo decodi ng
device of claim 20, further g$r|5|n rediction unit that

perforns 9-nt raAﬁlﬁ&ﬂ’ld@f id@(‘r?dti’@ccﬁ W&n@fantOI‘i@tqu%‘@ka ckplrddeadita theagetBodn t he
intra codj ¥R@ and an inverse transformunit that perfornms an
i nverse trans mw th respect to the block of video data based on the
transforn1bIogkmswzgaswﬁﬁcd@nmihémmhdbbCUeﬁ@d@n@Mdeﬂ%ﬁﬁn@msmMaidm@@n
wherei n the, vi deg, deRodbAg SPY) 68 LATRIL 50N, O more of:
defining the set of top scan order candidates based on one or both of an intra coding
mode used to predict the block of video data and a transform block size used in transforming
the block of video data; and
inverse scanning the block of video data from a serialized representation of the block
of video data to a two-dimensional representation of the block of video data based on the

syntax element relative to the defined set of top scan order candidates.

10. The method of claim 9, wherein the coefficients comprise significant coefficients and
zero value coefficients and the block of video data comprises a significance map that defines

the significant coefficients and the zero value coefficients.

11. A video encoding device that encodes coefficients associated with a block of video
data, the video encoding device comprising:

a prediction unit that performs intra prediction coding of the block of video data
based on an intra coding mode;

a transform unit that determines a transform size and performs a transform on the
block of video data according to the transform size; and

a scan unit that selects a scan order for the coefficients based on the intra coding
mode used to predict the block of video data and the transform block size used in
transforming the block of video data, and generates a syntax element to communicate the

selected scan order for the block of video data.

12.  The video encoding device of claim 11, wherein the coefficients comprise significant
coefficients and zero value coefficients and the block of video data comprises a significance

map that defines the significant coefficients and the zero value coefficients.



an integrated circuit; a mcroprocessor; and a wirel ess conmuni cation
device that includes a video encoder. an integrated circuit; a

M Cr opr ocCwe012/0827194 r el ess commruni cati on devi ce that i n@CHAS2018/06496€0
encoder, and a wi rel ess comruni cation device that includes a video decoder.
24. A device that encodes coefficients associated wth a bl ock of video

data, the device conprising: 2

13. The video encoding device of claim 12, wherein the significant coefficients comprise

one-bit flags that identify non-zero value coefficients.

14. The video encoding device of claim 11, wherein the scan unit:
selects the scan order from a first lookup table for luma blocks; and

selects the scan order from a second lookup table for chroma blocks.

15. The video encoding device of claim 11, further wherein the scan unit:

defines a set of top scan order candidates for each of a plurality of possible intra
coding modes based on a set of possible scan order candidates;

selects the scan order from the set of top scan order candidates for the intra coding
mode used to predict the block of video data; and

generates the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.

16. The video encoding device of claim 11, further wherein the scan unit:

defines a set of top scan order candidates for each of a plurality of possible transform
block sizes based on a set of possible scan order candidates;

selects the scan order from the set of top scan order candidates for the intra coding
mode used to predict the block of video data; and

generates the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.



means for selecting a scan order for the coefficients based on an intra
codi ng node used to predict the block of video data and a transform bl ock
si ze usedwDnrotvenaBor m ng the bl ock of video data; and PCT/US20meane964 or
generating a syntax el enment to comunicate the sel ected scan order for the
bl ock of video data. 25. The device of claim24, wherein the coefficients
conprise significant coefficients and zero value coefficients and the bl ock
of video data conprises a significance3dap that defines the significant
coefficients and the zero value coefficients. 26. The device of claim 25,
ignificant coefficients conprise one-bit flags that identify

wherein the si >
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for luma bl ocks; nmean or selecting the scan orde ron1a sec
| ookup t albb@sfaod p@dsfodmtaarisfomml&éock sizes based on a set of possible scan order candidates

defined for the combinations of possible intra coding modes and possible transform block
sizes;

selects the scan order from the set of top scan order candidates for the intra coding
mode used to predict the block of video data; and

generates the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.

18.  The video encoding device of claim 11, wherein the a block of video data comprises a
coded unit (CU) within a largest coded unit (LCU), wherein the LCU is partitioned into a set

of CUs according to a quadtree partitioning scheme.

19. The video encoding device of claim 11, wherein the video encoding device comprises
one or more of:

an integrated circuit;

a microprocessor; and

a wireless communication device that includes a video encoder.



28. The device of claim 24, further conprising: means for defining a
set of top scan order candi dates for each of a plurality of possible intra
codi ng nodexotzaseri3on a set of possible scan order candiPd&tUs3011/064964 neans
for selecting the scan order fromthe set of top scan order candidates for
the intra coding node used to predict the block of video data; and

nmeans for generating the syntax elenent to identify the selected scan order
fromthe set of top candidates associatéd with the intra coding node used
to predict the block of video data. 29. The device of claim 24, further
conpri sing: means_for defining a set of top scan order candi dates for

each of | uréalidey defodpesler sk Ehat degRdessromitisicatiesiiciated wilse bloghohvider  of

possi bl e §¢amQk88r 1caNL dakess ... means for selecting the scan order
fromthe set éfltopescaﬁéégéerOggﬁﬁwgates for the intra coding node used to

predi ct the blagkt tbit rededies admitay clament with the gk of dadz, vgeren deispgiat he synt ax
oL eTent TR 5L SR IRbe bl BPUMIR oL L0 s
dat a. a scan unit that defines the set of top scan order candidates based on one or both of an
intra coding mode used to predict the block of video data and a transform block size used in
transforming the block of video data,
wherein the scan unit performs inverse scanning the block of video data from a serialized
representation of the block of video data to a two-dimensional representation of the block of
video data based on the syntax element relative to the defined set of top scan order

candidates.

21.  The video decoding device of claim 20, wherein the coefficients comprise significant
coefficients and zero value coefficients and the block of video data comprises a significance

map that defines the significant coefficients and the zero value coefficients.

22. The video decoding device of claim 20, further comprising:

a prediction unit that performs intra prediction decoding of the block of video data
based on the intra coding mode; and

an inverse transform unit that performs an inverse transform with respect to the block

of video data based on the transform block size.



37 30. The device of claim 24, further conprising: means for
defining a set of top scan order candi dates for conbi nations of possible
intra codwvogormnder3and possi bl e transform bl ock sizes basgdSeniacser of
possi bl e scan order candi dates defined for the conbinations of possible

intra codi ng nodes and possi bl e transform bl ock sizes; means for
selecting the scan order fromthe set of top scan order candidates for the
intra codi ng node used to predict the BPock of video data; and nmeans

for generating the syntax elenent to identify the selected scan order from
the set of top candi dates associated with the intra coding npde used to

predict tHe blBewido depebieg dryies.of cham 2§hwhereipitheevidgo deceding deyicagoameises t he a
bl ock of MEQEQxQﬂB@ conprises a coded unit (CU within a |argest coded unit
e

(LCU), wherein t LCU is partitioned into a set of CUs according to a
quadt ree partianiiongngdsohene. 32. A device that decodes coefficients
associ ated with a bl ock of gideo data, the device conprising:
a miCroprocessor, an
a wireless communication device that includes a video encoder.
an integrated circuit;
a microprocessor,
a wireless communication device that includes a video encoder, and

a wireless communication device that includes a video decoder.

24. A device that encodes coefficients associated with a block of video data, the device
comprising:

means for selecting a scan order for the coefficients based on an intra coding mode
used to predict the block of video data and a transform block size used in transforming the
block of video data; and

means for generating a syntax element to communicate the selected scan order for the

block of video data.

25.  The device of claim 24, wherein the coefficients comprise significant coefficients and
zero value coefficients and the block of video data comprises a significance map that defines

the significant coefficients and the zero value coefficients.

26.  The device of claim 25, wherein the significant coefficients comprise one-bit flags

that identify non-zero value coefficients.



means for receiving a syntax element with the block of video data, wherein
the syntax el enent defines a scan order froma set of top scan order

candi dat e’ 2012/08771aeans for defining the set of top scamCon$er11oe4¥dd dat es
based on one or both of an intra coding node used to predict the bl ock of
video data and a transform bl ock size used in transform ng the bl ock of

vi deo data; and nmeans for inverse scanning the block of video data
froma serialized representation of theé6tblock of video data to a

t wo- di nensi onal representation of the block of video data based on the
syntax el enent relative to the defined set of top scan order candi dates.
38 33. THe delhedsvige ob¢laimhyB Surther eomptisitgie coef fici ents conpri se

i gni fi cant cqeLL &Sl 281 8:yAkYR LORTbHEIRILE @Myl BRRLORK of vi deo

data conprises a significance map nes the significant coefficients
and the zero vetanefa@oeltfting thtisen ord from cenput leokupdalda idrehroei hlogksonpr i si ng
instructions that, when executed, cause a processor to encode coefficients
associated with a block of video data, wherein the instructions cause the

processor2d.0: The deviceof €eilin 24, Fedlier o5€lprisih@r the coefficients based on an
intra coding node used _to predict the bl ock of video data and a transform
bl ock size usdBeanp fardsfaingasetRf temisanpislek cagdidgiey &y caeh of: 2 pipglity of

possible intra coding modes based on a set of possible scan order candidates;

means for selecting the scan order from the set of top scan order candidates for the
intra coding mode used to predict the block of video data; and

means for generating the syntax element to identify the selected scan order from the
set of top candidates associated with the intra coding mode used to predict the block of video

data.

29. The device of claim 24, further comprising:

means for defining a set of top scan order candidates for each of a plurality of
possible transform block sizes based on a set of possible scan order candidates;

means for selecting the scan order from the set of top scan order candidates for the
intra coding mode used to predict the block of video data; and

means for generating the syntax element to identify the selected scan order from the
set of top candidates associated with the intra coding mode used to predict the block of video

data.



generate a syntax el enent to communi cate the sel ected scan order for the

bl ock of video data. 35. The conputer-readabl e nmedi um of claim 34, wherein
t he coef fwoizers7nenpri se significant coefficients and rerawseaEhvet964
coefficients and the bl ock of video data conprises a significance map that
defines the significant coefficients and the zero value coefficients. 36.
The conput er-readabl e nmedi um of claim35, wherein the significant
coefficients identify non-zero value c@éfficients. 37. The
conmput er -r eadabl e nmedi um of claim 34, further conprising instructions that
cause the processor to:. select the scan order froma first |ookup table for
| una bl ockk; oy dseiceef clae24 dyithes £BPIifiRG M a second | ookup table for

chroma bl ocks. 6,39 for defining a set of top scan order candidates for combinations of possible

intra coding modes and possible transform block sizes based on a set of possible scan order
candidates defined for the combinations of possible intra coding modes and possible
transform block sizes;

means for selecting the scan order from the set of top scan order candidates for the
intra coding mode used to predict the block of video data; and

means for generating the syntax element to identify the selected scan order from the
set of top candidates associated with the intra coding mode used to predict the block of video

data.

31.  The device of claim 24, wherein the a block of video data comprises a coded unit
(CU) within a largest coded unit (LCU), wherein the LCU is partitioned into a set of CUs

according to a quadtree partitioning scheme.

32. A device that decodes coefficients associated with a block of video data, the device
comprising:

means for receiving a syntax element with the block of video data, wherein the syntax
element defines a scan order from a set of top scan order candidates;

means for defining the set of top scan order candidates based on one or both of an
intra coding mode used to predict the block of video data and a transform block size used in
transforming the block of video data; and

means for inverse scanning the block of video data from a serialized representation of
the block of video data to a two-dimensional representation of the block of video data based

on the syntax element relative to the defined set of top scan order candidates.



38. The conputer-readabl e nmedi umof claim34, further conprising
instructions that cause the processor to: define a set of top scan
order camsiDdat>ds7fiar each of a plurality of possible inPca/usedingospdes
based on a set of possible scan order candi dates; sel ect the scan
order fromthe set of top scan order candidates for the intra codi ng node
used to predict the block of video data; and generate the syntax

el ement to identify the selected scan éfder fromthe set of top candi dates
associated with the intra coding node used to predict the block of video
data. 39, The conputer-readabl e nmediumof claim34, further conprising

i nstructidhs tHederisaebelpieddh st the cogfficients comgaye sign Hcagbeochficignspangc an

or der Ca%kéj@élﬁé Jeftici {Ld%e BlobL Wﬁhéotc}’ataoé érﬁft?ggé_ P&&ﬁ&ﬁfgg}&@%@h%&%sy ZES

based on a set possi bl e scan order candi t the scan

or der frdhemgmﬁssﬂcoﬂﬁtmpwgn@ﬂmcrdemhmamdﬂm&mss for the intra coding node
used to predict the block of video data; and generate the syntax
elenent to identify the selected scan order fromthe set of top candi dates
associ at egh. W tA céhfiputemitch @btodedigmOahrisis e thstroctohe eha€ twHeh exdduakcke ¥i deo

data. processor to encode coefficients associated with a block of video data, wherein the
instructions cause the processor to:
select a scan order for the coefficients based on an intra coding mode used to predict
the block of video data and a transform block size used in transforming the block of video
data; and
generate a syntax element to communicate the selected scan order for the block of

video data.

35. The computer-readable medium of claim 34, wherein the coefficients comprise
significant coefficients and zero value coefficients and the block of video data comprises a

significance map that defines the significant coefficients and the zero value coefficients.

36.  The computer-readable medium of claim 35, wherein the significant coefficients

identify non-zero value coefficients.

37.  The computer-readable medium of claim 34, further comprising instructions that
cause the processor to:
select the scan order from a first lookup table for luma blocks; and

select the scan order from a second lookup table for chroma blocks.



40. The conputer-readabl e nedi um of claim 34, further conprising
instructions that cause the processor to: define a set of top scan
order camiDaat2#87fier conbi nati ons of possible intra codiPog/useaessend
possi bl e transform bl ock sizes based on a set of possible scan order

candi dat es defined for the conbinations of possible intra coding nodes and

possi bl e transform bl ock sizes; sel ect the scan order fromthe set of
top scan order candidates for the intra&%codi ng node used to predict the
bl ock of video data; and generate the syntax elenent to identify the

sel ected scan order fromthe set of top candi dates associated with the
intra codifg nB¥eompayrtedphleaedum efelimaid fugther somyyistgtipstructaens that - The
conput er - r,eadgab pegigm of claim 34, wherein the a block of video data
conprisesaa codggmungﬁﬁ(CID within a largest coded unit (LCU), wherein the
LCU i s partitidshieda seitod tap ssat odfr @udidates tor diaahgp fraplaralgyad peoselpatrei t i oni ng

schene. 42. Ac ut er -readabl e ..medi um conpri.sing instructions that, when
execyted,“) §@x%g§W3§8§§3%xﬁgoﬁgg§8@m€8%¥E$5*%%Ss associated with a bl ock
of video dat a,scibetheldanlobdr iffast thel€dtiod v sealsdert JARdiAAOE RS SR infrDeoding
mode used to predict the block of video data; and
generate the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.

39.  The computer-readable medium of claim 34, further comprising instructions that
cause the processor to:

define a set of top scan order candidates for each of a plurality of possible transform
block sizes based on a set of possible scan order candidates;

select the scan order from the set of top scan order candidates for the intra coding
mode used to predict the block of video data; and

generate the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.

40. The computer-readable medium of claim 34, further comprising instructions that
cause the processor to:

define a set of top scan order candidates for combinations of possible intra coding
modes and possible transform block sizes based on a set of possible scan order candidates
defined for the combinations of possible intra coding modes and possible transform block
sizes;

select the scan order from the set of top scan order candidates for the intra coding
mode used to predict the block of video data; and

generate the syntax element to identify the selected scan order from the set of top

candidates associated with the intra coding mode used to predict the block of video data.



upon receiving a syntax elenent with the block of video data, wherein the
syntax el enent defines a scan order froma set of top scan order

candi dat e’ 2012/08771defi ne t he set of top scan order candipdatusgoibassdds on one
or both of an intra coding node used to predict the block of video data and
a transform bl ock size used in transform ng the bl ock of video data; and

i nverse scan the block of video data froma serialized representation of
the bl ock of video data to a two-di mendflonal representation of the bl ock of
vi deo data based on the syntax elenent relative to the defined set of top

scan order candidates. 43. The conputer-readabl e nmedi um of claim 42,
wher ei n the coreroripaist-scadpip riedamseighim Yawheismehs p bloshpEvidepidater o val ue

coef fi ci g did BhiPRU Pt 8RR LAIAQMRYLEES, herlifMicli@ance map that
defi nes tﬁ%ﬁgﬁgﬁ1§icanf ggg?%}é#enté an%kihe éergiva le cgéf icients.
partitioned into a set of CUs according to a quadtree partitioning scheme.

42. A computer-readable medium comprising instructions that, when executed, cause a
processor to decode coefficients associated with a block of video data, wherein the
instructions cause the processor to:

upon receiving a syntax element with the block of video data, wherein the syntax
element defines a scan order from a set of top scan order candidates,

define the set of top scan order candidates based on one or both of an intra coding
mode used to predict the block of video data and a transform block size used in transforming
the block of video data; and

inverse scan the block of video data from a serialized representation of the block of
video data to a two-dimensional representation of the block of video data based on the syntax

element relative to the defined set of top scan order candidates.

43. The computer-readable medium of claim 42, wherein the coefficients comprise
significant coefficients and zero value coefficients and the block of video data comprises a

significance map that defines the significant coefficients and the zero value coefficients.



