ADAPTI VE CCOEFFI CI ENT SCANNI NG FOR VI DEO CODI NG RELATED

APPLI CATI ONS [0001] This application clains the
whemsfis3nf U. S. Provisional Application No. PCT/US2008/067020

60/ 944, 470, filed June 15, 2007 and U.S. Provisiona

Application No. 60/979, 762, fijl ed October 12, 2007,

the entire content of each of which is incorporated

herein by reference. TECHNI CAL FI ELD [ 0002] This

di o gl vi .

e R BFY ECTERE I ioR ScaNRiR G OB e d R dpING

bl ocks. BACKGROUND [ 0003] Digital video capabilities

can be incorporated into a wi de range of devi ces,

including digital tQEgipEBSPPLIGATRONG I ect

br oadcast systens, w reless comuni cation devices such

Y0 hdhs eptlicption ecltimd gt benafjtr ef d$8. Hireudioask Application No.
l- dhoH talassl Stant : a

RLEED. AELRREAS, bRy STRITIRR ApbREEbn NERDAR 2. filed

Oetvbeed 2, 0O Othgadhiting ddaieht @f,cavh dfowhi@heis Ciaospbsd herein by

and the like. Digital video devices inplenent video

ES0HPSssi on techni ques, such as MPEG 2, MPEG 4, or

H. 264/ MPEG- 4, Part 10, Advanced Vi deo Codi ng (AVC),

to transnit and recei vEEGHINKALFIEL® ror e

chentl. . , . S
B LGt OR0FOTPUESS] PR SEUALHRE RSt by, cnrony
caetundfereffidictheofvitico blovitsdeo sequences. [ 0004] Vi deo
conpression generally includes spatial prediction
and/ or tenporal prediction. In particular,

intra-coding relies on PREKIIROUAAICLIon to reduce or
renmove spatial redundancy between video bl ocks within

n . u 1 y- L Se.a Vi r .
Qo BG5S TRV R L G5, LERTS e deviees
[nRtiRlineC @iditAiOtele@isicas, Migithledipat droddealisgiteas Wwiele@disd@nunication
or .renove teggoral redundancy hetween vi deo bl ocks of .
derdecssyrly @s cyde delephong hgndsgtsy mdwéess SEppdawsé systeyps, personal digital

. . d or 5., S pat o ‘
SALSLE REORE, B G0 dBREA, EhmBEhS Rk, digig) recording
titvecesandee gateinlg ulevices, Faleo igatne consikisnand thbdikv.i Beptal video devices
encoder rfornms nption estimatio ti
E%@%ﬁ@ﬁ%ta\ﬁgwwr?w@%e%%\ﬁ@ﬁ%ﬁ%nl@%%fgﬁvhr%?ﬁg“,\ﬂraa%“/MPEG-
Bl P5K$0.0A d¥ RPN r@ocﬁﬂ’% BRENS, 16 dRdn¥Ahd %ec{e%%éital video more
After spatial or temporal prediction, a residual bl ock
efficgotipr Mided bymprgistiomtschmgues parfutincspatinl arddeopotad piediction to

ner at ed duringd&peiﬁ{§qﬁ%}iin Eroc&ss fromthe
Iu&ﬁf ?]raqenvyaéeéiu cy cre V1aco sequencces.

[0004] Video compression generally includes spatial prediction and/or temporal
prediction. In particular, intra-coding relies on spatial prediction to reduce or remove
spatial redundancy between video blocks within a given coded unit, which may
comprise a video frame, a slice of a video frame, or the like. In contrast, inter-coding
relies on temporal prediction to reduce or remove temporal redundancy between video
blocks of successive coded units of a video sequence. For intra-coding, a video encoder
performs spatial prediction to compress data based on other data within the same coded
unit. For inter-coding, the video encoder performs motion estimation and motion
compensation to track the movement of matching video blocks of two or more adjacent

coded units.
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two-dimensional block of coefficients into a one-dimensional coefficient vector based
on statistics associated with one or more previously coded blocks. For example,
statistics that indicate the likelihood that a given coefficient value in each position of a
two-dimensional block is zero or non-zero may be collected for one or more previously
coded blocks. An adjustment to the scan order can be made in order to better ensure
that non-zero coefficients are grouped together near the front of the one-dimensional

coefficient vector, which can improve the effectiveness of entropy coding. The
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[0011] In another aspect, a device that codes video data comprises means for scanning
coefficient values of a first video block using a coefficient scan order, means for
collecting statistics associated with at least a portion of the coefficient values, means for
adjusting the coefficient scan order in accordance with the collected statistics. The
coefficient scanning means scans coefficient values of at least one subsequent video

block using the adjusted coefficient scan order when the at least one subsequent video
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[0015] FIG. 1 is a block diagram illustrating a video encoding and decoding system that
performs the coding techniques described in this disclosure.

[0016] FIG. 2 is a block diagram illustrating an example of the video encoder of FIG. 1
in further detail.

[0017] FIG. 3 is a block diagram illustrating example of the video decoder of FIG. 1 in
further detail.

[0018] FIG. 4 is a conceptual diagram illustrating a hypothetical example of adjusting
the scan order consistent with this disclosure.

[0019] FIG 5 is a flow diagram illustrating example operation of a coding device

configured to adaptively adjust a scan order of transform coefficients.



configured to adaptively adjust a scan order of
transform coefficients.[0020] FIG 6 is a flow di agram
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configured to encode header information for a video
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divides the series of frames into coding units and processes the coding units to encode
the series of video frames. The coding units may, for example, be entire frames or
portions of the frames (i.c., slices). Thus, in some instances, the frames may be divided
into slices. Video encoder 20 divides each coding unit into blocks of pixels (referred to
herein as video blocks or blocks) and operates on the video blocks within individual
coding units in order to encode the video data. As such, a coding unit (e.g., a frame or

slice) may contain multiple video blocks. In other words, a video sequence may include
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unidirectional modes; a vertical prediction mode, a horizontal prediction mode, a DC
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representation of the coefficients when separable
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quanti1 z I Ci ents~or quant
[0030] Following transformation, video encoder 20 performs quantization to generate

quantized transform coefficients (also referred to as quantized coefficients or quantized
residual coefficients). Again, the quantized coefficients may be represented in one-
dimensional vector format or two-dimensional block format. Quantization generally
refers to a process in which coefficients are quantized to possibly reduce the amount of
data used to represent the coefficients. The quantization process may reduce the bit

depth associated with some or all of the coefficients. As used herein, the term



residual coefficients). Again, the quantized

coefficients nmay be represented in onedi nensi ona
woe@B0s7480r mat or two-di mensi onal bl ock for matPCT/US2008/067020

Quanti zation generally refers to a process in which

coefficients are quantized togpossi bly reduce the

anount of data used to represent the coefficients. The

guanti zati on process may reduce the bit depth

assaci-ated with so or.all of.the coefficients.
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Pcﬂﬁl't,té ?fbbgf)iéitt}h Br toW;Féir (g{a'ﬁ?‘ﬁl@a'l Qﬁ@llic gLs%Eﬁtédswi?tﬁ FBeIPf the coefficient
non-'zero and “‘may, for exanple, conprise a count, a

positiaizi ofi the tvo-dinteasiosdlablosit.i clal soied irscanass oeitatietmay only be
with each of the_coeffjcient positiops of the .
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BBYyR, ¥ DerePh (lg%g{cﬁgr Liehb& SrHsEk, @k s&dﬁﬁorﬂ&?ﬁlg}; 6¢ 8fnged such

positions of th ock. When the scan order is
thab kordtieidnt posgtions afitlen the plockidetdrmmed unttere of higharcrebability of

D P A

Bsepahed id havefa 1A% POLAIRLZST HRVERE ol k& BEHidERs. In this way, an
scanned prior to coefficient positions within the

nlitérd lecatengr eridpremay be hdapsecatol roowsrefpeiotshbionp yovtcleapetitpients at
AR CSDH Rk s 2P gl costciens e

e ofdie &Y-OinasibhilGoefiicten@cdttie TIEYhiaRiiA Gurafredre the number
one- di nensi onal coefficient vector and zero val ued
eoRIES SnEnteon entErpytIedingndncsfthes aresorgr rEs<if ggeps between non-zeros

9(%?%&%&% %mhevﬁegﬁﬁﬁr}ﬁ SPhR dlﬁ)éfiiﬁl@ngribﬂarl] hEURGt LORMIHIP& e longer
(0] Its spent n entropy coding since there are

amarftzeros nuthe cafl of dreamchitmersdonah oseffiecmsvecoef f i ci ent s

t 1h egi nni ng of. the one-di nensi onal coeff|cient

a@gé]o]?o v nglt,léﬁ q%@,% OF the coe 101@131ts, video encoder 56 encoges each of the
video blocks of the coding unit using any of a variety of entropy coding methodologies,
such as context adaptive variable length coding (CAVLC), context adaptive binary
arithmetic coding (CABAC), run length coding or the like. Source device 12 transmits
the encoded video data to destination device 14 via transmitter 22 and channel 16.

Communication channel 16 may comprise any wireless or wired communication



run of zeros at the end of the one-di mensi ona
coefficient vector. [0032] Follow ng the scanni ng of
wo basasaBf i ci ents, video encoder 20 encodes eaPCT/U$200816657020

vi deo bl ocks of the coding unit using any of a variety

of entropy codi ng nethodol ogi s, such as cont ext

adaptive variable |l ength coding (CAVLC), context

adaptive binary arithnmetic coding (CABAC), run length
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represents any suitable comunication nedium or

HOBBEDestontiof devitd ¢4 enty indmiaiairgatvco 84 madeadedoder 26, and display
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may col |l ect statisti hat i ndicate the |1 kelihood
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Vief ReSaBh 2P RO To M4l GObd PR Sg! SReBa Ry Seihon of th
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can be applled by video decoder 26 in order to change

trivesfermecadifimienyb.onal vector representation of the

ﬁﬁm%4gj\75dzegddeg ntig r%g ns{ru%ntgfegch {)F %efblP&(s orftt%e c%&mg unit using the

mensi ona | 'SEX tantl Zed P¥ansfo

gaotiéd atrlot ﬁlfO]ﬁlWl%ﬁ]an&VItﬁke@ec@ﬁ&Dﬁ@fdu@ﬁnﬁﬁﬁﬁﬁ&ﬁ I W€ hrticular, video
each of the bl ocks of the coding unit_ using the
desoderedo Haxd 8PNIHE oY REedicHAN aridea hlock debdie C%@I}tdﬂéw block and

LSOt 191%(110]{1811 Beck vt 27 0rr¥§p‘3ﬁ&’1ng residual video block to reconstruct

cach of the video blocks. Destination device 14 may display the reconstructed video
blocks to a user via display device 28. Display device 28 may comprise any of a variety
of display devices such as a cathode ray tube (CRT), a liquid crystal display (LCD), a
plasma display, a light emitting diode (LED) display, an organic LED display, or another
type of display unit.

[0035] In some cases, source device 12 and destination device 14 may operate in a

substantially symmetrical manner. For example, source device 12 and destination



decoder 26 may generate a prediction video bl ock for

the current video bl ock and conbi ne the prediction
whbk@sl5mBt h a correspondi ng residual video bl oRPKI/US2008/067020

reconstruct each of the video bl ocks. Destination

device 14 may display the recgnstructed video bl ocks

to a user via display device 28. Display device 28 may

conprise any of a variety of display devi ces such as a
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Heswird Hﬁdkl Onth (BLO) scik OﬁltHrﬁcﬁHSpebﬁicaﬁ@{ | etbrivard Llnk Only Air

enhanced H. 264 video coding for delivering real-t
Interface Specification for Terrestrial Mobile Multimedia Multicast,” pubhshed in July

2007 as Technical Standard TIA-1099 (the “FLO Specification”). That is to say,

communication channel 16 may comprise a wireless information channel used to
broadcast wireless video information according to the FLO Specification, or the like.
The FLO Specification includes examples defining bitstream syntax and semantics and
decoding processes suitable for the FLO Air Interface.

[0038] Alternatively, video may be broadcasted according to other standards such as
DVB-H (digital video broadcast-handheld), ISDB-T (integrated services digital

broadcast - terrestrial), or DMB (digital media broadcast). Hence, source device 12 may
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Rardware, firmware or any combinations thereof. Each of video encoder 20 and video
decoder 26 may be included in one or more encoders or decoders, either of which may
be integrated as part of a combined encoder/decoder (CODEC) in a respective mobile
device, subscriber device, broadcast device, server, or the like. In addition, source
device 12 and destination device 14 each may include appropriate modulation,
demodulation, frequency conversion, filtering, and amplifier components for
transmission and reception of encoded video, as applicable, including radio frequency

(RF) wireless components and antennas sufficient to support wireless communication.
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oA IR Y AR st Sl 3105 ¢ Geexrppe hardware or
ST 446 @8mBoidn®C KR PREL ifhA@iBna R, tasdiatddlr @ﬁh ©hb @R myfk lunits may be
32, frame store 34, transformunit 38, guanti zati on
mﬁfrgrata@ Wltbti’e(fOffmnﬁ)Iem se@@ratwham@wm jor safftwarg So@pgRents.

LBFO%E( A 10n un1t43%) relaeg%%(ﬁ 0 1n?0q‘§1 orﬂl%lgel d[ %Iﬁ'ﬂg IN” in FIG.

So0"encad

Qﬁcd ngﬁﬁtlﬁUﬂaiﬂiﬁf& zfl&éqlaﬁ& 48 Bideo UIMB| $rofB video /saurce 18 (FIG. 1).
i n-1 oop. debl ocking filter (not.  shown) may be applied
Blpck gaghion it 3hdividge sadbh o dhe videoe figmge intd codiggypis that include a

’B_]Ilu%ﬁhﬂé BEVRES bIRRL SAs FER:BEY ggox%f tHd do dﬁlrgelﬂltlts fn?a%it W SPedtfle frame

or a portion of a frame (e.g., slice of the frame). In one instance, block partition unit 30

mﬁ{e} d’L acgnt Erarn

may initially divide each of the coding units into a plurality of video blocks with a
partition size of 16x16 (i.e., into macroblocks). Block partition unit 30 may further
sub-divide each of the 16x16 video blocks into smaller blocks such as 8x8 video blocks
or 4x4 video blocks.

[0044] Video encoder 20 performs intra- or inter-coding for each of the video blocks of

the coding unit on a block by block basis based on the block type of the block.



as units is intended to highlight different functiona
aspects of the devices illustrated and does not

woe®essSasi |y inply that such units nust be reaPCmES2008067020

separate hardware or software conponents. Rather
functionality associated withypne or nore units may be
integrated within common or separate hardware or

sof tware conmponents. [0043] Bl ock partition unit 30

ecei.ves vi,deo .info tion (|l abel Y/ N' in FILG.
bRRaRGEE tnlts e SP IR TR Qi ahe sibobRsk okl idicate e
1o dvpaetors ik 6L£thEd1ddkl 45 wdll) as Wh@bk thabldck i Bupredidfed using
di vi des each of the video franes into coding units )
tRitpredietiqnder wtisrniedirtiiany &t thei ehee oplifekpredisiogeryedicter unit 32
‘ ) . oy ‘ ‘
A8 USeiads e SRR, SRY o G o a0 it 32 also
dearsdanieepretlicaok mpde to fisean gimdrite 3Qredagtiantlédkal | y di vi de
each of the coding units into a plurality of video
{1042 Breglcfian APt e genesatsted a#%%wéﬂqcaﬁs elhe I?rﬁ?latwn block may
r‘ . . | 1 t .. 1 .
B EARIOGE Shnioh e REFGIAM ML e kel i Hiok efors o o
bidoc kbpck wohremtty Bl voditdo Ibltlecdase of indordredickem, blgookisn a block is
0044] Vi.deo,encaoder 20 .perfor. intra- .or ..
F%%tg_élﬁ- @BdfiG® %Gk teo e te%uv?ﬁ%&nw BERYTHferppgal prediction for
R R ingNd ftth® Burder vitide HIYCID! Belichas usit Bask, @6 ddagple, compare
bl ock type of the block.Prediction unit 32 assigns a_ |
Blequikrenty piglee dlackcty Wockshie ancdwompreoaiacenhaideprdiames to identify a

Lidi g it i f the bl ock
bRk SER JSecRP s SRR LT BhFeClhe g S, Bock. e

bldtkelin Piccadjedcnd frafie thit K- Pr@dilat MSE, $SDt$ADCasetef difference
inter-%rediption, rediction unit 32 al so deci des the
mwstricon Pidigtionsunit A2 tsplecisdtbe identified oy anthe rdipcent frame as the
o unit 32 al so decides the prediction node to
ﬁ%gg%gﬁggﬁgrate a prediction block. [0045] Prediction
[0946] Btht lkese gfantes-piedictian pirediviidn ©blobk dcdssigihb®an intra-block type,
predi.ction hlock may be a predicted versjon of the .
Eliﬁ’Fei‘_rCé‘H? WP e SRR RiGAICHAR 4 BERDS eY Bloge prgviously
BnbHEE X INB6HNE WIS&R T Withineh NBniRGe Qodf_ng hﬂ?_(@%.s, effhe or slice).
Inter-prediction, e.g., when a block 1S assigned an
Predatiobl wuk Xy pey. goedikenplen neniotm 3shatraly ppelidtonnto generate the

te ral,_ prediction for. jnter-codi.ng of the current

R IegoR (RN D PaHPRY G lsaTio IRigE ofie, ot difpgYiously encoded
RAPRR R ISR UNIEIBA the EHRNt Blagfek TR BlOsKSiolcadPR8NnOPlocks within
nore adjacent video frames to identify a block in the

Higj awent ffamenmayhfr aoswle| s etyevedt kerastrame stare r3dntwhich may

(L5 5 o L 9L G, LT vy

sl frafleesk K1bél@n unit 32 selects the identified
bl ock in the adjacent frane as the prediction bl ock.
[P redistiop anit 33 ansf perfprmghe frerpelafipn in accardanggrwith gne of a set

5t Blcelaicitﬁn FRGdANeds asdridkl aabmfé? Gle L¥PES prediction modes may include

unidirectional prediction modes and/or multi-directional prediction modes. The

multi-directional prediction modes define combinations of the unidirectional prediction
modes. In one example, the set of prediction modes may include unidirectional
prediction modes defined in the H.264/MPEG-4 Part 10 AVC standard and bidirectional
prediction modes that define various combinations of two unidirectional prediction

modes.



prediction unit 32 may generate the prediction block
based on one or nore previously encoded nei ghbori ng
Whb@skS743d t hi n a conmon coding unit (e.g., frarEr/v82008/067020
slice). Prediction unit 32 may, for exanple, perform
spatial prediction to generatg the prediction block by
performng interpolation using one or nore previously
encoded nei ghboring blocks within the current frane.

e or nor l.acent bl.ocks wi,thin the.curr.ent
(ORGSR T MBAE Ve e rtlbalod o REERn gaes may
B ludehh e RinBRiyideRBIGTas Brodityioh YiRlcO e AldiDinth© H.ZERIWMAPEG-4 Part 10
storage device to store one or nore previously encoded
AV&neandsird pde kebse] gohy possibiisanbipgiansof t@wm%gﬁctlonal prediction

r e | r RO [ r c 1 h- one - S
BBpeS s Mo EhE o sy o, 38 GRS HER St it 1y Birectional
piediptioni mbdesn viaude snovdyr i20chadesuppodi sregtd @oalion of the possible
predi cti on nodes and/or nulti-directiaonal prediction .
Frypligatiopyepfpidirectiopal Rredinipn Hiadas-ctiURe B dedy Aef feselt in much

a o I . | .
R O S PRI PR R PR ARfudes 11 totl
int@Hured ctuom wodaesctsipporatlepbedalvct i on nodes defined in the
H. 264/ MPEG- 4 Part 10 AVC standard and bidirectiona
predi ction nodes that define various conbinations of
two uni di r gfidk 9n&rtReedi ction nodes. [ 0048] For an
Intra 4x4 block type, for exanple, the set of
predictionNkﬁgésHéﬂ%Hﬁﬂclude t he nine unidirectiona
predictionNP%d sDngined in the H 264/ MPEG- 4 Part 10
AVC st andard“8nd-a subset of the possi bl e conbi nati ons
of the uni Miodest Dag@halptosdiiefti on nodes. Thus, instead
of support&ag{all‘36 possi bl e conbi nati ons of
uni directi P4pP§wP§@F@Wmﬁﬁ§§s, vi deo encoder 20 nay
support on}y ia sPoLliani&fi the possible conbinations of
uni di rectional "prediction nodes. Doing so nay not
result in Maodb 6cBHdiipentalelpmadat i on. One exanpl e set of
i ntra-predjction nodes, which includes 18 total
intra-predW@FthVﬁﬁH@E@ﬂis provi ded bel ow. Mdde O :

Vertical Mgk goardzanial Mde 2 : DC Mode 3:
D agonal down/left Mdde 4 : Diagonal down/right Mde
5: Verti caMoade ghVeMupdet Borizdntal i( Mode 81+ Mode 1)
Mode 10: DC + vertical (Mode 2 + Mode 0)
Mode 11: DC + horizontal (Mode 2 + Mode 1)
Mode 12: Diagonal down/left + horizontal (Mode 3 + Mode 1)
Mode 13: Diagonal down/right + vertical (Mode 4 + Mode 0)
Mode 14: Vertical right + horizontal (Mode 5 + Mode 1)
Mode 15: Horizontal down + vertical (Mode 6 + Mode 0)
Mode 16: Vertical left + horizontal (Mode 7 + Mode 1)

Mode 17: Horizontal up + vertical (Mode 8 + Mode 0)

[0049] In the example set illustrated above, modes 0-8 are unidirectional prediction
modes and modes 9-17 are bidirectional prediction modes. In particular, modes 0-8 are
the Intra 4x4 prediction modes defined in the H.264/MPEG-4 Part 10 AVC standard.
Modes 9-17 are a subset of the possible bidirectional prediction modes. The subset of

the possible bidirectional prediction modes in the provided example includes at least



Mode 7 : Vertical left Mbde 8 : Horizontal up Mdde 9 :

Vertical + horizontal (Mode 0O + Mode 1) Mode 10: DC +
woeoosilsaBl (Mode 2 + Mode 0) Mode 11: DC + hor i RORUS1008/067020

(Mbde 2 + Mode 1) Mode 12: Diagonal down/left +

hori zontal (Mbde 3 + Mdde 1) Mpde 13: Di agona

down/right + vertical (Mdde 4 + Mode 0) Mode 14:

Vertical right + horizontal (Mdde 5 + Mdde 1) Mde 15:

Hori zontal. do verti

OB PR igR et gfFbbieES) {odlidrediqBi o ickpfiandds.  Eecn

blaireatnbBbredRtion Meddel ®adidésMnd eidirettidd eprédictidiOARHed that include

t he exanpl e set i || ustrated above, nodes 0-8 are
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subset of the possible bidirectional predlc i on
gw&%s@tb desr ighdep oRidirgitiongl drediciono Made i 8?11%%{33’ combine

gi%ﬁgﬁoh NbB& RfoRY ! HE d-RXAIP! Rale &h/u%ﬁl %ﬁredl@cﬁﬁt gfb%es from the

I nation that incorporates e uni di'rection
Phretiontal ocntepode s Subla bilitvicdonad @tedmcrtwln podwi dlovothenmtie-prediction

bes'd S th bi di tio c i 0 des . t hat
PReride comBinRe il pRfoRpRalsitors o RaRh YOS fthey ppart, thus
GRFFBVIRE pratidionefhliQNBl mBFe& katlbéuﬁoﬁpazﬁﬁmhﬁy tigent video block.

|ntergolat|on directions that are non-parallel and, in
h@tsah@ésore@@ﬁm amdcaldet}crﬁxedhd@@nals de@cm for' purposes of
he subs ecti

ﬁﬂlgtaa C%n e r‘r% L 8F pre\ﬁocltl od&s ey di P%enmiorep?r %wg{ PiS ﬂlctlon modes.

Hmdeﬁarﬁﬂla,t thgegeerod ﬂrydlcﬁmb mﬁepm@gd ficivae medesr fovamn Billigectional
‘vertical" category with Eredlctlon nodes fromt he
Piediction maages, @a&%b@ﬂyctwy@ AregicHipp éeqdesndn o dpiaricen the set of

g]% ?iaﬁlrh@d’gs t\ﬂfy MR- &{lgfja!s %ﬂs&no {h%cl?rﬁghréc?loﬁagmgglgtlon modes.

rediction pix ron1 ocations t
Additioesllya pﬁé tset tofiusredioppsronatgs phadiiedludn nqiigddirestidnal prediction
nmore pi xel gocatlon w t hin.the cuirent vi deo_ bl .ock

Pedso ot RemBE ra?reﬁ FUFEe B RERIE! gEdistiopanodadyerddigion to or

A8RG4 bPad ‘tfl(ﬁfecﬂb'ﬁ §&§ctﬁ>fn ﬂl(l)degsi:ﬁﬁﬁérﬁﬁre Ehﬁo@%tdeg’érlbed above in
pred|Ct|0n nodes Yy I ncl ude nore or eV\Er pre I ctlon

rnﬁfcieme tedntredadrplogk types, &letteczbmqnue@df thi§ dinclowate snayeapply to other

P Pt oG e ok By o Tof 1 BB oF ner block

typs.ances, the set of prediction nodes may include

only a subset of the unidirectional prediction nodes.
[0051] To determine which one of the plurality of prediction modes to select for a

particular block, prediction unit 32 may estimate a coding cost, ¢.g., Lagrangian cost,
for each of the prediction modes of the set, and select the prediction mode with the
smallest coding cost. In other instances, prediction unit 32 may estimate the coding cost
for only a portion of the set of possible prediction modes. For example, prediction
mode 32 may select the portion of the prediction modes of the set based on the
prediction mode selected for one or more neighboring video blocks. Prediction unit 32
generates a prediction block using the selected prediction mode.

[0052] After generating the prediction block, video encoder 20 generates a residual
block by subtracting the prediction block produced by prediction unit 32 from the
current video block at summer 48A. The residual block includes a set of pixel

difference values that quantify differences between pixel values of the current video



Addi tionally, the set of prediction nodes may include
mul ti-directional prediction nodes that conbi ne nore

w0 bas/15%e1 uni di recti onal prediction nodes in apdi/UB908/067020
to or instead of the bidirectional prediction nodes.
Furt hernore, although describgg above in reference to
Intra 4x4 bl ock types, the techniques of this
di scl osure may apply to other intra block types (e.qg.,

ntra_ 8x 8 Int 16 _hl.0 Qr
bl P g PRl b R Bl Nyt I mel Gl DR 5R represented
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t he predlctlon bl ock produced by prediction unit 32
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Sdledtivelycapphyee ttindfolk wﬁle&l&ﬁdﬂalﬂﬂbcwws@@%n(lﬁe pRdiction mode of
redi ction block. The residual block, my

ecke ntheaplprlity ofdffgrene Hansborars B awlwd@rl?ﬁaTs (ieteger tragsforms,
Hf{l%tlghﬁetr%ﬂsfb%h Weqét éraﬁ foﬁf 3 ﬁcgﬁlbﬁlaff&{s Qjebllesﬂl soh{é instances,
C

er wor e resi I's a two |nenS|o
trepf@seninét BOmaf rhiietapi xeD(alodesitegld @tdfform ansf ar murahty of

nit 38 applies a nsformto the resjdual bl ock
%ﬁ%ﬁ&l@e@ USRI 209 AR 2BRlyt g | ERROIMT bask 67 dhe prediction

Hiaké sé@ct@@YOr tho Euﬁéﬁﬁ‘%e@ bl@c@(pl Vrafis o] unﬁ@S'rﬁ&ye g&r exarnple apply
transform directional transform wavel et t ransf or

the RCEombintegter amnsﬂnenetofresﬂfuednlslbdfsnwuhlnreda&mmmodes that exhibit

BEES iR bbS IR S5 ielitfu iRy aeR i blocks with
Eﬂétﬁctﬁg e OBREER It §1§ﬁﬁ@zﬁrﬁ@h‘é&tﬁ&1@h@| ock. In other
wor ds, the transforn1®£ plied to the residua

10955 Hamgdhe rEympe see pr@éwtlom madae dpicebf:ct flb@ﬁ? frggidorm unit 38
%%g%ﬁ)ler he DG 'Jﬁ hgénq ?lfrre}gyfo 'rﬁ:otdega gnl {1 7 ['Pl(i-)e%e ]modes may

ntain a
ehiHibie hﬁﬂﬁedtdﬁreatscfﬂanfysasamey srl @it De] yreai@ﬁbxy drrhecombination of two

transforms to the residual block based on the

Brieé@p@p inslesralgeppegximately orthogonal directions. To the contrary, modes 1, 3-
8, 10 and 11 are modes that may exhibit directionality, and therefore transform unit 38
may apply different directional transforms for each of these modes to achieve better
energy compaction of the residual video blocks. In other words, when prediction modes
that have stronger directionality are chosen, directionality may also be manifested in the
residual blocks of such prediction modes. And residual blocks of different prediction
modes exhibit different directionality characteristics. As such, compared to transforms

such as DCT or DCT-like integer transform, directional transforms specifically trained

for each prediction mode may provide better energy compaction for the residual blocks



the block. The plurality of different transfornms may
i ncl ude DCTs, integer transforns, directional

wo e@sss@sns, wavel et transformnms, or conbi nati oPGI/US2008/067020
thereof. In sonme instances, transformunit 38 may
mai ntain a DCT or integer trapsformand a plurality of
directional transforns, and selectively apply the
transforns based on the prediction node selected for

t current .video bl ogck., Transformunit.38 may, fo
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ehffigient omagy CcPERatEms I dhis aamngal triyséyrs upjt t3¥ does not need to

Cedicli oxhi bi e ‘ ‘

TSy A O BR-iop g, s e
pastibrat | orago deguictesard. bedaboxe, applavasibor of UCT 3@/or integer
may appl.y,. t he or integer trapnsformto nodes 2, 9
gprplarmis iy lessrRuaRicxayigEM el commtasional Gamnl ety
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achi eve better en&rﬁy conpaction of the residual video
pisbickes differerst dieactiopal densigvap gebdifcviioh catrdsondhaith one of the

have stronger. directignal.ity are c n .
HEKEe? GRERE BT ST YueF DRty epstammpaie 38 moy
hlafeks cdfhtsanchiffereadidatitnanadRSornntbr 1tBS iebheden Poosiki Intra 8x8
of different prediction nodes exhibit different

BricisEon erpter  apdefesr diftfwentsdiiegionahdrageferms Eynbarfewr pessible Intra
sf.orns: S - i -ransf or
RS RO 15008 oDl Bl ok [y’ PHEOREALERCHRKEL of other
parddoctdizn. noueplnay popamtdeliketidred teamsfogins Coaspadcen ahe sclected
for. the residual bl ocksof the given predictiopn node. .
pxedicHan siade roqﬁ%alpclf Jierpeing eReAieTrsBE bRish (B Mstial cnerey is
Efuir¥d ShArABHady H&C bioRR&lt Which! FESEAEI FnotidE BhASexkiblt Snificant
-l'T'ke I nteger transtform provide sufficient energy
dioepi@otlityare detectddli sSTheathreetional trangdmnsmanbe n@8-sehpesbladirectional

eed to maintain separate transtorns faqr _each of the
BB T alir Py SRTRBRRSCPor S KRBT gots dRuPGKT (KLTS). or
SdparaBgeditReabhdl aRmBfosms. MM SME InstaABRY, kieadit@AoRd] thadforms may be
and/or integer transfornms is |ess conplex in ternms of

pisrgomatddorsalg teontpl exts 0§ datp.0056] I n ot her instances,
[ it i ntain di.fferent. directi.onal
RRETEE Rt o e oo PR 000 An b RN, A TG0 brom he

aagstRppF yhet fignat aindespane Bigaddptiest AOKBT it devigfedrtdlace as much
based on the sel ected prediction node of the bl ock.
ey Heaeleanpradiigients ¢f Ppyellectt Bk Tniscasacigly @pf prpgrable, and thus

SRS, OPIFY SERAN fPBuTRY 20 AR in s o
appli@sipordsa wot-Repareblotlirtdt®nal transform to a 4x4 residual block will be
described for exemplary purposes. Similar techniques are used for blocks of different
sizes, ¢.g., 8x8 block or 16x16 blocks.

[0058] A 4x4 residual block X is represented in a two-dimensional block format with
four rows and four columns of pixel values, i.c., a total of sixteen pixel values. To

apply a non-separable directional transform, the 4x4 residual block is re-arranged into a

one-dimensional vector x of pixel values, i.e., of length sixteen. The 4x4 residual block



ei ghteen possi ble Intra 4x4 prediction nodes.

Additionally, transformunit 38 nay maintain eighteen
waledosasmaat directional transfornms for the ei ghr@BnS2008/067020

possi bl e Intra 8x8 prediction nodes, and four

different directional transforgrs for the four possible

Intra 16x16 prediction nodes, and transforns for any

ot her prediction nodes of other partition sizes.

Lying s rate directional .transfor ased on_t he
SIPLLVER SRR Tefiaht REGUOGNR: i BROLR i PRIEH Tyl Oter. That
B ffidglt eggdtanblobk Wi Ghittehes r esi dual energy is captured,
particularly for blocks for which prediction nodes
that exhibit significant directionality are sel ected.
The directional transforns nmay be non-separabl e
directional transforns, |&vg. Xodeor véd from
non- separ abl e Kar hunen |e&ye X angf onggs| (KLTS), or
separ abl e directionaﬂef'Qnsfgrngx I n spne instances,
the directional transfornd ney be® pré:conputed using
training sets of data. [8057%uThH&: KRX:Js a |inear
transform where the basis functions are derived from
the statistics of the signal, and can thus be

I T d ] o, pl ace as much energy in
ggﬁgévﬁg%Eﬁ?ggﬁgﬁggggz%%g§§F%1%ﬁ A KLT is generally
not separable, and thus transformunit 38 perforns
full matrix multiplication as described in detai
bel ow. Application of a non-separable directiona
transformto a 4x4 residual block will be described =
Ior exenpl ary purposes. Simlar techniques are used
By NoocRs ofodi Fib erlent Xei z&8, ¥ g.X2 8X& bRockXer Xu X x33]
16x16 bl ocks. [0058] A 4x4 residual block X is ,
represented in a two-di nensional block format with
four rows and four colums of pixel values, i.e., a
|5 Attt h BB el Bbi e PRPp g matrix multiplcation
bl ;cérdascerertlathedold@ding Rtj@atondhe- di mensi onal vector x
of pixel values, i.e., of length sixteen. The 4x4
resi dual blockX is re-arranged into vector x by
arrangi ng the pixels ipsz{p the raster scan order. (1)
That is, if 4x4 residual block Xis witten as -*-00
-*-0i -02 -*"03 X =10 n *13 -*-20 -*-21 22 X 23 -*-30

WRPECLis 18 g e b st 1k the? oSl 13 g Posgiction mode
glétedl fd3h8Blotkl B Gdnstoln® e icRnt ¥8AST PigMulso a one-dimensional

coefficient vector y is obtained by performng matrix
westter havingzt length of sixteen coefficients.

[0060] Use of non-separable directional transforms may entail increased computational

cost and storage requirements. In general, for a residual block of size NxN, the non-
separable directional transform requires basis functions of size N’xN°. That is, for 4x4
residual blocks, the non-separable directional transform has a size of 16x16; for 8x8
residual blocks, the non-separable directional transform has a size of 64x64; and for
16x16 residual blocks, the non-separable directional transform has a size of 256x256.
Because a different non-separable directional transform may be used for each of the
prediction modes of the set, transform unit 32 may store eighteen 16x16 directional
transforms for 4x4 blocks and eighteen 64x64 transforms for 8x8 blocks (in the case of

the example set of prediction modes described above), and possibly more if the set of



in accordance with the follow ng equation (1): y = Tx
, (1) where T is the transformmatrix of size 16x16

W0 baB/18138r esponds to the prediction node sel ecP@USHNG/067020

the bl ock. The transform coefficient vector y is also
a one-di mensi onal vector haviftgg a | ength of sixteen
coefficients. [0060] Use of non-separable directiona
transforns nay ent ai | increased conputational cost and

re ment ener or esi dual
B SPOE TR R RS Gi aitsl SR HBg RS0 0
ﬁt@ﬂautlhé eantash %Jtﬂmtﬂe@dtﬁi tofcaiyzmt e tNehsfolmagrotds. Rputational
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NorARdpadditibes. directional transformhas a size of

256x256. ause a di fferent non- eparabl di rectiona
{ﬂﬂéﬁls%teﬁg Hgyo%éenfg RS gﬁf@t% Jige gnaintain
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r ectional transforns or 4x4 S an el g t'een
Gdncbeintsr bavst o dowgerf goragx &nt| coclpmtationalt twest campaetl tbheon-separable

FOCTRGF, Bhbvamy Fhe (0 Chd B gir CRGh oMo Birsepaabl
b sPorfBi a?ﬁl%é& ds ihdicitB@by IR feﬂo\lvargq:aummy; resources

to store e transformmatri ces needed to carry out

the transform process. Conputational cost of

non-separable directio L(f nsfornms is also high. In )

general, applying a nonseparabl e directional transform

on an NxN bl ock requires N2XN2 mul ti plications and

N2X(N2 ) additions. [0061] | nstead of non-separable

Whﬁr@c¥ isothgl resulting fransierm epeffiient matie € B2 pelymArasiarm matrix

t €.:
BEERIER Ot 5 93k DL R OF P B of th biock
ey e4at inohBr exatnpicd.g g hamdhe esypliingttradfdlm costficixammpaited Y is also a
0 Hon separ abl e lrectlonal transforns. For the 4x4

Hﬁ%ﬁwﬁﬁ %“XO pI8F *Ekanpl e, the separabl e transform

Q(ﬁ)g@g%):g ggc(hgs?reHQQbﬁ h&H, Qﬁﬁn&f*&ﬁnflﬁhﬂ oW g, @ﬂﬁ"@ttxbvg W4 #)transform

wher e I'S the resulting transform
cwefcks ¢d.enmatrat paix, C @ncﬂ ®), a«vkmb O ¢arespdrals iwithathe ibkockrsalze (e.g.,
av a Si

S % 0T T30 B S5 ot RispisSh o b RofR & € St block

8X%RAME hbovEN Ufansfohf 6 ghtstags tth aﬂ[@»sﬁ;o r43u Cotsfdr ﬁﬁh‘lces which
matrix Y is also a two-di nmensional matrix of size 4x4.

[@oBey lFor somes thaaditle jcighterndd 6x1¢ atrasbtarm urdtricd2 sipegd  when
ﬁél?—ge%a};a\{'\)?e {}%(nstcgr%%nSi’fe As. Additionally, transform unit 32 may perform the
separable directional transform using 2xXNXNXN multiplications and 2XNXNX(N-1)
additions, which is significantly less operations than the N’xN’ multiplications and
N°x(N°-1) additions used for performing the non-separable directional transforms.
Table 1 compares the storage and computation requirements between using separable
vs. non-separable directional transforms for block sizes of 4x4 and 8x8. Comparison
between separable and non-separable directional transforms for 16x16 blocks may be
done in a similar manner. As illustrated in Table 1, using separable directional
transforms provides reduction in both computation complexity and storage requirement

compared to non-separable directional transforms, and the reduction becomes more



matrices (e.g., matrix pairs C and R), where NxN

corresponds with the block size (e.g., N=4, 8 or
waggos/1513t he exanpl e set of eighteen predicti oPCTHON®E8/067020

for a 4x4 bl ock descri bed above, transformunit 32

stores thirty-six 4x4 transfofgn matri ces, which

requires | ess storage than the eighteen 16x16

transformmatri ces stored when non- separable

d.. Additi
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which is significantly | ess operations than the N2XN2

mul tiplications and N2x(N2-1) additions used for

per flablei i arhplerity oS pprasepiairablgivs esspiaid¢ direetinyfabtramsforms
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nan- separ abl ¢ vs. geapablidotlbp@etiomdnal t [ PEiditidh operations

[ 0063] The separable transformnatrices for each

predi cti on node may be obtained using prediction

[®§i3b| Jénlesﬁepar@hhe atramformf mairigesiforgeagh duediseeuaedegnay be obtained
arable KLT
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the training set first in the rom1d|rect|on and then
Pipcesien®o ba AP iRd octhic dricdigtiay eidupls iahafminingeset digst in the row
{ f t
L BB ART LA fbe IR RO D okdERT bBM FR L Syansform matix
hﬂd‘:lthls fcofummﬁiﬂsf(ﬁ'ﬁISmaiiri.xerespftdm&elly'o msepaival), ﬁoﬂl(lséli)arable directional
ansform matrices, may be trajned first using %
ra} MAHiceR dicd dhd %Owe@ﬁxapf?emréfaﬁﬁ gngrééttﬂcqsr]@ﬁy ¢ figined first

mayggg@ g??&létﬁﬁskg{dﬁ‘aurtﬁ ﬁgetr%l@agéz %&d'tﬁé 5@ Gransform

al ned conposi ng t
metreep doradzick nrechctﬁmmndﬂmayl lmesbtamtd bs(eﬁusthabdiﬂomposmg the non-

transformpatrices. 0064 i ther the resulting
Tt b S A A

U084 BitRdt- v&%{yx QR PRLUMin® I Bl firAN niARET Ssidll§ HSRU floBting point
approxi mat e he coefficients in the transformmatrices

piscisivabFexadmpoiniqucasion mu@berp etrauscd e @ppmln@tq the perdTicients in the
t (0] I‘ at I on

f{,arl%scosr];IP rglg][rgc S (ﬁgr?afb? e uﬁg Io xg%g 1(:1)1)‘5( aﬁa I}rnetlﬁ ﬁ {rﬁ%sform process
and to reduce computation cost. Precision of the fixed-point approximations of the
coefficients in the transform matrices is decided by finding a balance between
computation complexity and maximum precision needed during the transform process
using fixed point arithmetic. In other words, higher precision of the fixed-point
approximations of the transform matrices may result in smaller errors due to the use of

fixed-point approximation, which is desirable, but too high precision in the fixed-point



coefficients in the transformmatrices is deci ded by
finding a bal ance between conputation conplexity and

WOoreooBismBPr eci si on needed during the transfor nPQr/OS®E$067020

using fixed point arithnmetic. In other words, higher

preci sion of the fixed-point gpproximations of the
transformmatrices may result in smaller errors due to

the use of fixed-point approximation, which is

desir.abl.e, but too high pr.ecision in the : : :
FRetiTFh b SBREARERER FhEMeh dak s asgmoly arithmetic to
8l & floWRlyiria g UfardnbRrini précsN A HIEh BMmot fevehble. to overfl ow

during the transform process, which is not desirable.
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unit 42 and.inverse transformunit 44

.may apply .
ITGF Smanjiratien 3ait MyfrSaHansoRRAtion, W%Fﬁtg?%vntatrfsm?tmct the residual
%@agegéﬁgveg' YREEON GER6! BGhCkein §36d43! RufifiKer 48B adds the
abel e RECON RESI D BLOCK" 1n FIG 2). Summer 48B
eddisstiuled rres durd thlenkt tecthe @sidaumin Wodckrotlocadhley prediction unit 32 to

redi ction bl ock produce redi.ction unit, 32 to
Biogitro "opasit PUER Birch b aBHEOIR TRER Y5, M e Throconstructed
{idaeBlosk a8 RAised B prREARUNHBLAE ittt @9 ié0&dlc MBYbRQuent video
used by prédiction unit 32 to intra- or inter-code a
blgblsequent vi deo bl ock. [0066] As described above,
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7 Fdeire o apéptiiicicahpcagamsni Hypicylan cPelicins segnwing unit 41
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aqcoydance mnth_one aspect o i's |$closuye,
thoefiscloswat costfameit sgarmmig unit 41 mey aldppydly etlystadip wsan order used
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SOBYICHEE ECUBREAET e 08T St PSS TGt SHvET Sh S P aBggnstances,
eQefidibe LaniSE MU Nehaydhptively BBMstaR@Riah\RHY seplirtiSly for cach of
the scan order separately for each of the prediction

thedwedigtiancmodesciinasfeachh ef heaupdetionmadetenayrhgvendifferent coefficient

iff%rent coefficient statistics. [0067] Coefficient
atistics. ) o ..
scanning unit 4 1 may initially scan the coefficients

o6t heoefiaitht ZREniheSindtuAl mby aiKallisdcag tiee Edoffdic®s dNthe quantized
order. In one aspect, the first scan order. may be a
wosuglablogle aningrag BEst seHy exler-s In ppe @apqcy the dusti sgan order may be a

Hg%gé/sgﬁl%é, Balch 13‘8@‘&\4% AR thGREEPVEPEG-4 Part 10 AVC applications.

Although coefficient scanning unit 41 is described as initially scanning using the
zig-zag scan order, the techniques of this disclosure are not limited to any particular
initial scan order or technique. Moreover, each of prediction modes may have a
different initial scan order, e.g., a scan order specifically trained for that prediction
mode. The zig-zag scan order, however, is described for purposes of illustration. The
zig-zag scan order arranges the quantized coefficients in the one-dimensional vector

such that the coefficients in the upper left corner of the two-dimensional block are



Al t hough coefficient scanning unit 4 1 is described as
initially scanning using the zig-zag scan order, the

wao ewbnsgees of this disclosure are not |imtedP@DUS2UY8/067020
particular initial scan order or technique. Mreover,
each of prediction nodes may jrave a different initia
scan order, e.g., a scan order specifically trained
for that prediction node. The zig- zag scan or der,

strat i on
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thad eroul dbothic eade if Beanaedin the d@ﬁzalgmczilh@rdhlo rTln@fﬂag lin turn reduce the

direction instead of the fixed zig-zag scan order

th%
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AOH-Scr6 QBPREARE dt @P(@feglﬁntﬂf‘g Hedl BRd- Hﬂné?lfsmhglecoefﬁctl)ent tVﬁctor and one

one-di mensi onal coefficient vector than would
toager tufi of eenon etdthe end bétheioge dageseaml oradeientTec®r.ndiie concept of

rn reduce th r of bits spent. on entr codi n
Fibat ThesEn Bt o Soget D BET U e eRIsES affor also
ﬁﬁlfeﬁ it61 IdrSprabicti&e nRREE NNIF& el ecR -t f@ﬁl&h@g‘%hlt 41 may

coefficient vector and one |onger run of zeros at the

adrotinely tadpisbibe- saarrrelﬁi@r sﬁparat@b dorf ¢ach efithe/predistion Tegles since cach
§ﬁ{1]1% éjﬁgedlg ];onaﬁilggé ? $RMLD tdgrgctl gﬁty Fth o effgltegt l%locks and

I mensi ona coe I Cclen VEC SO ap

hértee diffdresti cotifieienidestics FOf teX@BaIM e, the @@fnfdrﬂérﬁﬁ&y be different for
scannlng unit 4 1 may adaptively adjust the scan order
pf thcarrgdicon @edes- of the predicti on nodes since each

gilﬁ ( etgs RIS b%ﬁ'a%GVmﬂg SnillBY sdf\dq ! 1{(%3? &gpg% éheiﬁZIf% zag scan order,

tionality in tthe coefficilent
partitwnéntfoc osfances antvhghadirtions . trdnsfdrins sarerapplésd, tot the residual
l%l%c n' qlr:l qd?ersenc% esbﬁledljngtIa? rsce:all’]nt o;dg{ may be pre-determined using one of the
techniques described below. As one example, the initial scan order may be determined
using a set of training video sequences. Statistics of non-zero coefficients, such as the
statistics described below, are gathered for each prediction mode and used to initialize
the coefficient scanning order. In particular, the position with the highest probability of

non-zero coefficients is the first coefficient position of the initial scan order, then the



each of the prediction nodes. [0069] As descri bed

above, the initial scan order may not be the zig-zag
waean/1g1eer, particularly for instances in whiBET/US2008/067020

directional transforns are applied to the residua

bl ock. In these cases, the imgial scan order may be

pre-determ ned usi ng one of the techni ques descri bed

bel ow. As one exanple, the initial scan order nay be
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t L.
CERPILIETS B SIPTRG DUEPTEL Gl GLTAL S of e
00n-268@péfifirievtsdewasighe beginningyf the subddimensiomal eefiicient vector.
coefficients being | cat in different c ef ficj

nt . .
BOSiLE o riglany the sag QBT ERAUTICIO S ANty LY GtheT Wif of video
é{%ﬁetoﬁ@ Ghay SolRel 6fd BARAS @&ﬂ&eﬁ@ﬁat&ﬁ@% gt d&rbrrﬁﬁ&% Bbcks. In
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correspond a coefficient posit
which a non-zero coefficient occur with less frequency. In some instances, coefficient

scanning unit 41 may collect separate sets of coefficient statistics for each of the
prediction modes.

[0072] As described above, coefficient scanning unit 41 may adapt the scan order based
on the collected statistics. Coefficient scanning unit 41 may, based on the collected
statistics, adapt the scan order to scan coefficient positions that are determined to have a

higher likelihood of having non-zero coefficients before coefficient locations that are



t he two-di nensi onal bl ock, and increnent the counter

corresponding to the position when a non-zero
weomBfisasent is | ocated at that respective posPECT/U82008/667020

this manner, high count values correspond wth
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hd’m&i%lhoé dvﬁlﬁkhsbecoll&ctedr statikaios iongtht heas @aderois derinitialized. In this

manner, cocfficient scanning unit 41 adapts the scan order to generate the

one-dimensional coefficient vector in such a manner that the quantized residual

coefficients may be more efficiently encoded by the entropy coding unit 46.

[0074] Coefficient scanning unit 41 may, in some instances, normalize the collected

statistics. Normalization of the collected statistics may be desirable when coefficient

counts reach a threshold value. A coefficient position, herein referred to as coefficient



coefficient scanning unit 4 1 may scan subsequent
guanti zed residual blocks of at |east one subsequent
woe@ensBock using the adapted scan order. | n BOES2008/067020
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andbéredbldcks.i N a change (i.e., swapping) of the

scanning order between coefficjent positjions
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normali ze the coefficients when one of
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coeffici ent scshnln unlt mal |z

1.m
GRERts IPEhideny D ety oh QBT yidSelogl, syeh as a
Bk 650 FloRAloh AIAR! coded BIbRDali (TP (935G choma, a biock

count” val ues by a factor of two, by resetting the
pastinen,vaiiduese b 1aors gnolddn tht)lisal Th@ﬁ@nheadm gpadax clements may be

rc%glveﬁii %ro ntothe% %nnl 0 nllfs Iftor exa qufrgﬁl n%reczh%tlgﬁ %ti302|’ éxﬁl%hm video

NOF &l i 24t on etk coe
stdasi 2ty unit 4 1 nay refresh the statlstlcs after
codi n parti cul ar nunber of blocks. [0Q75] Entrop

Bwaéblg:ﬁ@onm ecodéng @] Yfosnsares dhelwrdarBFRufion and the residual
SRSHTAEH S MRl BOS UARICRENLAA 0% 9l it
I'VIECEBITSARENM” in FIG. 2). Entropy encoding unit 46 encodes one or more of
the syntax elements of each of the blocks in accordance with the techniques described in
this disclosure. In particular, entropy encoding unit 46 may encode the syntax elements
of the current block based on the syntax elements of one or more previously encoded
video blocks. As such, entropy encoding unit 46 may include one or more buffers to

store the syntax elements of the one or more previously encoded video blocks. Entropy

encoding unit 46 may analyze any number of neighboring blocks at any location to



the block in the formof one or nore header syntax
el ements. The header syntax elenents nmay identify

w@200Bi184Bar characteristics of the current vi deOI/bE0%067020

such as a block type, a prediction node, coded bl ock

pattern (CBP) for luma and chygma, a block partition,

and one or nore notion vectors. These header syntax

el enents nmay be received from ot her conponents, for

example, from.prediction unit. 32, wthin video epcoder
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current video block to generate an encoded bitstream
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articular, entropy encoding unit 46 nay encode the.
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upreh aoldledineighbonmg blooks nghs codng bhHthe ctultentsydeoablock may be used.

ts of the one or re previously encoded video
Blo5ZREbSrefien opiEne sarodireinl A6 ¥ TS wasPyS B Th g5lefehe 1o the sc
briEbRc P praartish Pided deRbiBek sbRle MAYin VRsabE AR &eRPRI Sbudo code
in encoding the syntax el ements of the current video
btlowk. For purposes of illustration, entropy encoding
unit 46 will be described as encoding the prediction
node based on a previously encoded bl ock | ocated
directly aboveddhse toaprednbdn hddo okthd tbp ock upper
nei ghbori ng. bl.ock) . al eviausl Y 0ded bl ock

Bet Ce%t% %b(e) Qﬁrgé’lftg%t W(i)e?) ?1% Ay

| ocated dire t e e current bl ock
(i.e., |eftetaeripbt Poyedstienerde opBg@iey blodi i | ar

t echni quesiramymbe =Hsaddt pru-aneod o/t her header
syntax el enmgnt 4~ SUch as bl ock types, block
partitions, EEPS, or the like. Also, simlar

t echni ques tlhatodeivéli¥edenor e nei ghboring bl ocks than

just the upper gad«lefd, neigbhpridg: bl aeksisé n the
codi ng of the current video block may be used. [0077]
Qper ati on e entropy encoding unit 46 wll be

descri bed wisth “P’ef erence to the set of eighteen

predi ction maglg§u,¢@§&qggg%gth@1g%\égf%ggj in view of the
exanpl e pseudo code bel ow. Let up e be the

predi ction mBYe“EHoLREE BPS bl ock Let |efl Mode be the
predi ction node of the left block Let currMde be the

ﬁ%)?/gbg}lﬁr p@c%nr}r%:rgﬁ}élgfunicg 1%#{%}%%&%&%?5@) Mo%g,rlrejmge,zaﬁd currMode
to be equal to the prediction mode of the upper neighboring block, the prediction mode
of the left neighboring block, and the prediction mode of the current block, respectively.
As described above, the prediction modes of the upper neighboring block, the left
neighboring block and the current block may be determined based on a Lagrangian cost
analysis. Entropy encoding unit 46 compares the prediction mode of the current bock
(currMode) with the prediction mode of the neighboring blocks (upMode and leftMode).
If the prediction mode of the current block is equal to the prediction mode of either of
the neighboring blocks, entropy encoding unit 46 encodes a “1.” Thus, the first bit
encoded by entropy encoding unit 46 to represent the prediction mode of the current

block indicates whether the current prediction mode is the same as either the prediction



I f upMode != |l eftMode Send "1" if currMde == upMde
or "0" otherw se Else Send "0" Adjust currMde to be

wo poosha746ange of [0, 15] Send currMode usi ng 4 BCT/BS2008/067020
[0078] Entropy encoding unit 46 initializes variables
upMode, |eftMde, and currMdg to be equal to the
predi cti on node of the upper nei ghboring bl ock, the
prediction node of the left nei ghboring block and the

BBt Tyt TnBB & b PRt o TS FRRETlof néBboring
pecghboring bl ock, the left neighboring block and the
current bl ock nay be determ ned based on a Lagrangi an
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bl ock i s ual. to the predjction node of either of the
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bﬂ')ck 1s tﬁé‘ §arné hemt ?fe%ﬁctghe A e%g@l?edle@ﬁe ggﬁlg%/ bl?ﬁlg,%ﬂﬁ@ﬁy encoding

uni t to represent t iction
mlut Méndoeblml@mcmbh eay esoratetshier thd @ralictroantmoge.edincthisocase, the
|ther t he di cti onnode of the

e .is the sa
BBHEHOR BogR B N RGeS EiE & 2B Pldi ot i on mode of t he
[%%DLH%WQO&OW the P#&dﬁ%n hQf /A thé E?%é}%e[gh%ghﬁg bRRK MPHS cqual to

of the current block is equal to e prediction node
o needipfean pde héthﬁéiE@ nbighberingobloehk sntrppe enchm yriifr 44 encodes at

tro n n
ERparCatiliohd BuyrturexshThbalY gFEFRISTAAR b fity viign of e
htigktoring Hl&ﬂ(sﬂfa@dh@ﬁarﬁ@ praditeioffmddeas @k teuehtdhIBER.i Bgr example,
bl ock. If the prediction node of the upper neighboring
I’YIh@Té lenfrapyt Fecosiiiee Ui %h@labﬂéa ithe prdiciegemede phdhq apper and left

g&gﬁ&r | iR &ﬁ%;p 5&1&’%’ I%'PQ dé}g«?nlél%é 2 46 ﬂ"[ﬁé p{&ﬁcnon mode
ny nor e brts tor He Ict1 on node
Gﬁ&e cutrbet oddisahé mm&d&lermydlhmmmoweﬂthumppgr ﬁielghborlng block

E“HQ%]'&%&E%’ t ne4 %ﬁ%ﬁ Mg ot and§ ?fgt%epr 5 Cﬁ%ooquhgo e same as tho
preatich| ﬁHdé*Qﬁ* etth lefthﬁelgﬁgctrm%eb%fgor 'E'ﬁ‘&ogy %Kodlﬁé‘tdtf?hoﬁ6 may,

encodi ng unit 46 encode [Ffeast one additional "bit
abwn@s@htmM@dthélbﬂéhﬁpﬁwnmmnmdﬁkuﬁfbmemxdwbmmkmhmoﬁmneasﬂw

RS T N T X N NG N
?‘fg@fh{a chfReRNAbAZRInd dndied %Féd@dllom&iecﬁf thb@ppR ReIehBHEng block.
In either case, the second bit of the encoded prediction mode indicates which one of the
upper or left neighboring block has the same prediction mode as the prediction mode of
the current block. In this manner, entropy encoding unit 46 may encode the prediction
mode of the current block using as few as one bit and, at most, two bits when the
prediction mode of the current block is equal to the prediction mode of one of the
neighboring blocks. If entropy encoding unit 46 analyzes more than two neighboring
blocks, entropy encoding unit 46 may encode more than one additional bit to specify
which of the previously encoded blocks has the same prediction mode as the current
block.

[0081] If the prediction mode of the current video block is not the same as either the
prediction mode of the upper neighboring block or the prediction mode of the left

neighboring block, entropy encoding unit 46 sends a “0,” which indicates that the



nei ghbori ng bl ocks, entropy encoding unit 46 may
encode a "1" if the prediction node of the current

whb@sks57431 t he sane as the prediction node of tPEI/URYES/067020

nei ghbori ng bl ock and encodes a "0" if the prediction
node of the current block is 4de sane as the

predi ction node of the |eft neighboring bl ock. Entropy
encoding unit 46 may, alternatively, encode a "1" if
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082 paYtch egioVGio Rl Rikcted dﬁrb@ct@cﬁﬁﬂiod& | @ropPdacafind hgit 46 adjusts
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e sane pre
renumber the remaining prediction modes from 0 to 15 beginning with assigning 0 to

the remaining prediction mode with the smallest mode number and ending with
assigning 15 to the remaining prediction mode with the largest prediction mode number.
For example, if the prediction mode of the upper neighboring block is mode 12 and the
prediction mode of the left neighboring block is mode 14, entropy encoding unit 46 may
renumber prediction mode 13, prediction mode 15, prediction mode 16 and prediction

mode 17 as prediction mode 12, prediction mode 13, prediction mode 14 and prediction



however, seventeen prediction nodes instead of sixteen
predi ction nodes remain possible, again requiring a

WO poog/18i481 codewor d rat her than a four bit codemor/tiS1008/067020
represent. In this case, during the prediction
process, prediction unit 32 may selectively renove one
of the remaini ng seventeen codi ng nodes fromthe set
to enabl e the prediction node of the current block to

Rt SR SRR Ty PIESHSE Sy Breicion moce
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exi st between the predlctlon node of the current bl ock

pisdabilisespofadip ¢tiad predetios rnodqswgthmpl@r giziericonsgxt. Take for example
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psdichpr dnedes o rBifate of neiBkbQsier eaitel3ioge khcaflsh cpding gontext may

Qs‘gf‘gnqlgﬂ&%robablhtles to the unidirectional prediction modes than the bidirectional
prediction modes.  Thus, when the first coding context is selected for CABAC
encoding (i.e., both upper and left neighboring prediction modes are unidirectional),
fewer bits may be spent on coding the current prediction mode if the current prediction
mode is one of unidirectional prediction modes compared with if the current prediction
mode is one of bidirectional prediction modes. In the case of CAVLC, different VLC
coding tables may be defined for different coding contexts. For example, when the first

coding context is selected (i.c., both upper and left neighboring blocks have



uni di rectional prediction nodes is high. Likew se,
when the prediction node of the upper neighboring

whb@sksasd t he prediction node of the |eft neiptiUs1008/067020

bl ock are both bidirectional prediction nodes, the
probability of the predictiomgrode of the current

bl ock al so being one of the bidirectional prediction
nodes is high. In this nanner t he probability
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{087 FH& 3 is a block diagram illustrating example of video decoder 26 of FIG. 1 in
further detail. Video decoder 26 may perform intra- and inter-decoding of blocks within
coded units, such as video frames or slices. In the example of FIG. 3, video decoder 26
includes an entropy decoding unit 60, prediction unit 62, coefficient scanning unit 63,
inverse quantization unit 64, inverse transform unit 66, and frame store 68. Video

decoder 26 also includes summer 69, which combines the outputs of inverse transform

unit 66 and prediction unit 62.
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deo decoder 26 al so i ncludes summer
thersbinp@s thehwedotipumedodf theuelt seighbamsfdock, enfrepyedcadidg unit 60
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is not the same as the prediction mode of the left neighboring block, entropy decoding
unit 60 receives a second bit that represents the prediction mode, entropy decoding unit
60 determines which of the neighboring blocks has the same prediction mode as the
current block based on the second bit. Entropy decoding unit 60 may, for example,
determine that the prediction mode of the current block is the same as the prediction
mode of the upper neighboring block when the second bit is “1” and determine the
prediction mode of the current block is the same as the prediction mode of the left

neighboring block when the second bit is “0.” Entropy decoding unit 60 selects the



unit 60 perform ng decodi ng of a prediction node
syntax el enent is described for purposes of exanple.

wah@stgmbni ques may be extended to decodi ng of POI/082008/067020

syntax el enents, such as a block type, block

partition, CBP, or the Iike. {0089] In particular,
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prediction mode number of the remaining prediction modes that corresponds with the
prediction mode of the current block.

[0094] In some instances, entropy decoding unit 60 may decode the prediction mode of
the current video block using CAVLC or CABAC. Because a strong correlation may
exist between the prediction mode of the current block and one or more previously
decoded blocks (e.g., the prediction modes of the upper and left neighboring blocks),

entropy decoding unit 60 may select different coding contexts for a prediction mode of

the block based on the type of prediction mode of one or more previously decoded video
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génehng 2 R SRR ohaPHGE el o DirRRKS sd@hffing unit 63 performs the reciprocal

scanning function of the scanning performed by coefficient scanning unit 41 of FIG. 2.
In particular, coefficient scanning unit 63 scans the coefficients in accordance with an
initial scan order to place the coefficients of the one-dimensional vector into a
two-dimensional format. In other words, coefficient scanning unit 63 scans the
one-dimensional vector to generate the two-dimensional block of quantized coefficients.
[0098] Coefficient scanning unit 63 may adaptively adjust the scan order used for

coefficient scanning based on one or more coefficient statistics to synchronize the scan
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HﬁﬁgxuﬁQﬁ&ﬁ&ﬁbg&Qxﬁcannlng unit 63 scans the

one-di nensi onal coefficient vector to generate a
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eQohheienfy JAYErs® Gansdgron dataovEInich a] UBYCTsch BRI, Srlepn inverse

B&q‘? ilfn%ﬁrse integer transform, or inverse directional transform, to the de-quantized
residual coefficients to produce a residual block of pixel values. Summer 69 sums the
prediction block generated by prediction unit 62 with the residual block from inverse
transform unit 66 to form a reconstructed video block. In this manner, video decoder 26
reconstructs the frames of video sequence block by block using the header information
and the residual information.

[0102] Block-based video coding can sometimes result in visually perceivable

blockiness at block boundaries of a coded video frame. In such cases, deblock filtering



coefficient scanning based on one or nore coefficient

statistics to synchronize the scanorder with the scan
we@e@enssed by video encoder 20. To do so, coePdT/UEBNL/067020

scanning unit 63 may collect one or nore coefficient

statistics for one or nore blpcks and adapt the scan

order based on the collected statistics. In other

words, as the two-dimensional block of quantized
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scannlng unit 41 initially scans the coefficients of block 1 using the zig-zag scan order,
that zig-zag scanning is not the only possible starting point for adaptive scanning.
Horizontal scanning, vertical scanning, or any other initial scanning sequence may be
used as the initial scan order. The use of zig-zag scan results in a one-dimensional
coefficient vector v having a run of four zeros between two non-zero coefficients.

[0105] Statistics 1 (76) represents the statistics of block 1. Statistics 1 (76) may be

count values for each of the coefficient positions to track the number of times each



and the residual information. [0102] Bl ock-based video
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whbkemsisness at bl ock boundari es of a coded vi dROT/DSZN& 067020
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scan order. In this case, coefficient Scanning unit
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KRG gTne s 1 g zed Be ElherSEpliionring b T gn order
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to scan subsequent blocks in accordance with the new scan order until the scan order is
adapted again based on collected statistics for the blocks or re-initialized, ¢.g., at the
beginning of a subsequent coding unit.

[0107] Adapting the scan order to change from an initial scan order (e.g., zig-zag scan
order) to a new scan order promotes non-zero coefficients at the beginning of the one-
dimensional coefficient vector and zero coefficients at the end. In the example of FIG.
4, the new scan order scans the coefficients in the vertical dimension earlier than the

coefficients in the horizontal dimension, reflecting the fact that, for the given prediction
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one-di nensi onal coefficient vector v having a run of

four zeros between two non-zegyo coefficients. [0105]

Statistics 1 (76) represents the statistics of block

1. Statistics 1 (76) may be count values for each of
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dysc- &msmbﬁcboafﬁnmx veators Ghiem alsppe s cticoef fide @embder 26, however,
anning unit 4 1 may collect the atistics for
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configured to ada Y?Ee scan. or der

a

Blid(% otjizon S%aﬁm fzfl SEanping; gy any e{h?rﬁpglatj%céﬁgmng order may be

geafk i |nial SGadyddrg unit 4 1 anal yzes the coll ected
statistics and adapts the scan order such that the
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€. g.
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€oaﬂfﬁc&:ubsmum|gt urhil &L k&3 nmymhratbatheescm oldet hae fixedy (s.garat every
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[0110] If coefficient scanning unit 41, 63 determines not to evaluate the scan order,
coefficient scanning unit 41, 63 scans a subsequent block according to the initial scan

order (80). If coefficient scanning unit 41, 63 determines to evaluate the scan order,

e.g., after n blocks have been encoded/decoded, coefficient scanning unit may adapt the
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to change froman initial scan order (e.g., zig-zag

scan order) to a new scan ordgy pronotes non-zero

coefficients at the beginning of the onedi nensi ona

coef fici ent vector and zero coefficients at the end.
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counters, requency at each o
turn, can 1rnprove the level of compression that can be achieved during entropy coding.

[0112] In some instances, coefficient scanning unit 41, 63 may adaptively adjust the
scan order separately for each of the prediction modes since each of the prediction
modes may have different coefficient statistics. In other words, coefficient scanning
unit 41, 63 may maintain separate statistics for each of the prediction modes and adjust

the scan orders for each of the prediction modes differently based on the respective
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[0116] However, if the prediction mode of the upper neighboring block is not equal to
the prediction mode of the left neighboring block, entropy encoding unit 46 encodes a
second bit representing the prediction mode to indicate which of the neighboring blocks

has the same prediction mode as the current block (102). For example, entropy

encoding unit 46 may encode a “1” if the prediction mode of the current block is the
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[0118] Entropy encoding unit 46 encodes a codeword that represents the prediction
mode of the current block (106). Entropy encoding unit 46 may encode the prediction
mode of the current video block using CAVLC, CABAC or other entropy coding
methodology. As will be described in more detail with respect to FIG. 7, encoding unit
46 may, in some instances, adaptively select a coding context for use in encoding the
prediction mode of the current block based on the prediction modes of the one or more

previously encoded blocks.
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R cabiep i w bierigdeebEninl SraoaRs: Bne! SSP St the
emaRedRdealupicticibn Modcs SRRY et WARHRAI %ﬁé&ﬁe@%%th@ I'Q#rectional
the set. en the upper and | eft nei ghboring bl ocks

h@ﬂ@ﬁphéKﬁaﬁe prediction node as one another, entropy

ﬁﬂ%?g“ﬂ% eélctl ofdg nﬁf" gacﬁng rtl?;ﬁ)g)le? (? f]e#ellleqerbgrmg blocks are
bd)tQﬁﬁ@l}ectlonal predlctlon modes, entropy encoding unit 46 may deterrmne whether
the prediction modes of each of the upper and left neighboring blocks are bidirectional
prediction modes (116). Entropy encoding unit 46 may select a second coding context
when the prediction mode of each of the upper and left neighboring blocks are both
bidirectional prediction modes (117). The second coding context models the probability
distribution for the prediction mode of the current video block based on the assumption
that there exists a higher probability that the current mode is a bidirectional prediction
mode than a unidirectional prediction mode. Again, in the case of CAVLC, for

example, the second coding context may using a coding table that associates shorter



fromthe set. Furthernore, in sonme instances, entropy

encoding unit 46 may sel ectively renbve one or nore
wa@dwstsmasrl codi ng nodes fromthe set. \Wien t hECEOS2009967020

encodi ng unit 46 renoves one or nore additional coding

nodes, the prediction unit 3%of FIG 2 also renoves

the sane additional coding nodes fromthe set of

possi bl e prediction nodes such that these additiona

codi ng, N i.lll not be sel.ected. After repovi t he .
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di n ntext model s th ro L Fstribution . for .

RC o PubRCh Bl BRI BRnL o PRkt B SR B e o0
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RGP e gxtended o degodirgphgthen header safpx sianende such as a

block type, block partition, CBP, or the like.

[0125] In particular, entropy decoding unit 60 receives a first bit representing the
prediction mode of the current block (120). Entropy decoding unit 60 determines
whether the first bit representing the prediction mode indicates that the prediction mode
of the current block is the same as the prediction mode of a previously decoded block,
e.g., either an upper or left neighboring block (122). Entropy decoding module 60 may,
for example, determine that the prediction mode of the current block is the same as the

prediction mode of one of the upper and left neighboring blocks when the first bit is “1”’



hi gher probabilities for the unidirectional prediction

nodes of the set than the bidirectional prediction
woreaedsmsl the set. In the case of CAVLC, for eRERpEm®)8/067020

the first coding context nmay use a codi ng table that

associ ates shorter codewords x th the unidirectiona

predi ction nodes than the codewords associated with

t he bidirectional prediction nDdes [0121] When the
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prediction mode, entropy decoding unit 60 may remove the prediction mode of the
neighboring blocks and at least one other prediction mode as described in detail above.

[0128] Entropy decoding unit 60 decodes the remaining bits, e.g., four bits in the
example described, to obtain the prediction mode number of the prediction mode of the
current block (132). Entropy decoding unit 60 may adjust the prediction mode
numbering of the remaining prediction modes (134) in a manner reciprocal of the

prediction mode numbering adjustment process performed by entropy encoding unit 46.



technique is perfornmed by decoding unit 60 such that

t he decoding unit 60 may accurately decode the
wee@ditsson nodes of the video bl ocks. [0124] FTAISRI08/667020

a flow diagramillustrati ng exanpl e operation of a

decodi ng unit, such as entropy decodi ng unit 60 of

vi deo decoder 26 decodes header information of a video

bl ock in accordance with the techniques of this

scl osur ecodi it 60 de
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e pr e Iction no
and that can be accessed, read, and/or executed by a computer.

[0130] The code 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. Accordingly, 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



current bl ock based on the next received bit
representing the prediction node (128). For exanple,

weposop3decodi ng unit 60 may sel ect the predi BET/0U82008/067020

node of the upper nei ghboring block as the prediction
node of the current bl ock wheqs the next received bit
is "1" and select the prediction node of the left
neighboring block as the prediction node of the

| ack. n t.he next rec ed. bit
e SREEREY By anBinthoP BieY bty asfheieds sofggre units or
hdi@wireeghitt doafighied o tndditheCalid @stodigP6K icdrpd@dted M€ a combined
same as the prediction node of either of the upper and
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e upper an eft nelg ori ng bl ocks have
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re e the i on no f the n hbori ng bl ocks
QﬂgqﬁFng $W§ﬁ@¢ ?ﬂ@Peﬁggﬁ Wrw&gﬁ§ﬂﬂ -as described in
detai|l above. [0128] Entropy decoding unit 60 decodes
the remaining bits, e.g., four bits in the exanple
descri bed, to obtain the prediction node nunber of the
predi ction node of the current block (132). Entropy
decodi ng unit 60 may adj ust the prediction node
nunbering of the remaining prediction nodes (134) in a
manner reciprocal of the prediction node nunbering
adj ust ment process perforned by entropy encodi ng unit
46. 1 n one exanple, entropy decoding unit 60 may
renunber the decoded prediction node nunbers (ranging
fromO to 15) to the original prediction node nunbers
(ranging fromO to 17) by inserting back the
predi cti on nodes that have been renoved. |In sone
i nstances, entropy decoding unit 60 may sel ect
different coding contexts for a prediction node of the
bl ock based on the prediction nodes of one or nore
previ ously decoded vi deo bl ocks, e.g., based on
whet her the prediction nodes of the previously decoded
bl ocks are both unidirectional, both bidirectional, or
one unidirectional the other one bidirectional, as
described in detail above. Entropy decoding unit 60
provi des the prediction node to a prediction unit 62
to generate a prediction block according the sel ected
predi ction node (136). As described with respect to
FIG 3, the prediction block is conmbined with the
resi dual pixel values to generate a reconstructed
bl ock for presentation to a user.



[0129] The techni ques described in this disclosure may
be inplenmented in hardware, software, firmmare, or any
w@ewBilsmsi on t hereof. Any features described aBCT/IE1088/067020

or conponents may be inplenmented together in an
integrated | ogic device or separately as discrete but

i nteroperable logic devices. If inplenented in
software, the techniques nmay be realized at least in
&iyﬁpﬁ% a conput er -readabl e nmedi um conpri si ng

| §\ ‘tions that, when executed, perfornms one or nore
of the nethods descri bed above. The conputer-readabl e
medi um may form part of a computer program product,
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I ncorporated in a conbi ned video encoder-decoder

(CODEC). Depiction of different features as units is
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enbodi ments are within the scope of the follow ng

claims. CLAIMS: 1. A nethod of coding video data, the
§et hog, C R4S Bim 4, wherein adjusting the coefficient scan order comprises

adjusting the coefficient scan order to generate an adjusted coefficient scan order that
scans the coefficient positions in descending order based on count values of the

coefficient positions.

6. The method of claim 4, wherein adjusting the coefficient scan order comprises

updating the coefficient scan order in accordance with the collected statistics to generate



scanni ng coefficient values of a first video bl ock

using a coefficient scan order; collecting statistics
waz®easased with at |east a portion of the coePdT/UEm®ng/067020

val ues; adjusting the coefficient scan order in

accordance wth the collectedystati stics; scanning

coefficient values of at |east one subsequent video

bl ock using the adjusted coefficient scan order when

h I b id bl ock [ '
IRl e PR g AT MR W gl OF o i faa RoBlg reshotd
¢qldé.ng the coefficient values. 2. The nethod of claim

1, wherein adjusting the coefficient scan order
conprises adapting the coefficient scan order after a
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adjusting the coefficient scan order after a fixed
interval cqonmprises adjusting the coefficient scan
%TderTg?¥@&m§(%ﬁP€§ﬂoW “htihber of video bl ocks have
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eanphieiseinabics bas onon-pao soeffiticat v wal ues has a

non-zero coeffjcient, value. 5. The nmethod .of .claim.4 -
ner o ouip e Tt StFysdoubr SerhMgPaRk dE Rl i gorisics
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adj usted coefficient scan order that scans the

coefficient positions in descending order based on

ount c tCl . It | .
e medHEPEPIREchR OB FARLPAR I A flRs comriv
swadf rodwletig cehplf tkedunipddidsiby at factocaef desatiignthe soaut values to a
order .i.n accordance with the collected statistics to
§%HEF%?%FH@mé@*ﬁ§1ed coefficient scan order when one

of the count val ues reaches a threshold value. 7. The

met hod of claim11, further conprising normalizing the

t@l | ethemctiodtof staimnd, wlerctheligetitmpdatotice dral avjusting the coefficient

wher ej | l.ecti tatisti iated with at |east
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coef f pallcshng statisiss asshetated vatdkal leashynydion of cedffieignt values of a

second video block having a second prediction mode; and
adapting an initial coefficient scan order associated with the second prediction

mode 1n accordance with the collected statistics.

11. The method of claim 1, wherein:

scanning the coefficient values of the first video block comprises generating a
one-dimensional vector of coefficient values from a two-dimensional block of
cocfficient values based on the coefficient scan order; and

entropy coding comprises entropy encoding the one-dimensional vectors after

scanning the coefficient values.



that each of the positions within the portion of the
t wo- di nensi onal representation of the coefficient
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normal i zing the collected statistics conprises
normal i zing the col |l ected statg stics when one of the
count val ues reaches a threshold count value. 9. The
nmet hod of claim 7, wherein normalizing the collected
statistics conprises one of reducing each of the count
val ues by a factor and resetting the count values to a
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15. The device of claim 14, wherein the scanning unit adjusts the coefficient scan

order after a fixed interval to generate the adjusted coefficient scan order.

16.  The device of claim 15, wherein the scanning unit adjusts the coefficient scan

order after a threshold number of video blocks have been coded.

17. The device of claim 14, wherein the scanning unit maintains a count value
corresponding to each position within the portion of the two-dimensional representation
of the coefficient values that tracks a number of times that each of the positions within
the portion of the two-dimensional representation of the coefficient values has a

non-zero coefficient value.
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cl ai m 20, wherein normalizing the coIIected statistics
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24. The device of claim 14, wherein:
the scanning unit generates a one-dimensional vector of coefficient values from
a two-dimensional block of coefficient values based on the coefficient scan order; and
the entropy coding unit entropy encodes the one-dimensional vectors after

scanning the coefficient values.



set of initial count values. 23. The device of claim

14, wherein the scanning unit collects statistics and
w@ejosssma3t he coefficient scan order separ at el yp¢DUS®ag 067020

predi cti on node. 24. The device of claim 14, wherein:

t he scanning unit generates agpne-di nensional vector

of coefficient values froma two-di nensional bl ock of

coefficient val ues based on the coefficient scan

order; and the entropy coding unit entropy encodes the

one-di nensi onal vectors after scanning the coefficient

8l ueSh@8evidhef digi L whikregd:ai m 14, wherein: the
scanni ng unit generates a two-di nensional bl ock of
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order; ‘and the entropy coding unit entropy decodes the

one- dieensopneaddiveciioéntfply@ecddes sieaomridigichdi@énal vector prior to
coefficjient yalues 26. The devi ce of claim 14,

WaariEehe ¢peligiedvalieyleo bl ock and the at |east one
subsequent video bl ock belong to a first coding unit

and the scanning unit re-initializes the scan order

for aTbedonct afadiimgl4)mibereiRthe fitktevidieviiloek ofd the¢ afi loast dne

erei n t.he devi conprij.ses wr.ele communi cation.,. ..
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conmput er - r eadabl e nmedi um upon which is stored

i nstructions that upon execution in a video coding
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yaligkes of a first video block using a coefficient scan
order; collect statistics associated with at | east a
portion of the coefficient val ues; adjust the

ef fiCi : } i n. r i : .
R e o R e
Hedasi one subsequent video bl ock using the adjusted
coefficient scan order when the at | east one

subsequent video block exists in a coding unit of the
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val ues. 30. The conputer-readabl e medi um of claim 29,
wheeneomintara d¢netdingddvarescagseube deiee to code video blocks, wherein the
instructions cause the device to:
scan coefficient values of a first video block using a coefficient scan order;
collect statistics associated with at least a portion of the coefficient values;
adjust the coefficient scan order in accordance with the collected statistics;
scan coefficient values of at least one subsequent video block using the adjusted
coefficient scan order when the at least one subsequent video block exists in a coding

unit of the first video block; and

entropy code the coefficient values.

30. The computer-readable medium of claim 29, wherein the instructions cause the
device to adjust the coefficient scan order after a fixed interval to generate the adjusted

coefficient scan order.



device to adjust the coefficient scan order after a

fixed interval to generate the adjusted coefficient
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30, wherein the instructions cause the device to

adj ust the coefficient scan ogider after a threshold

nunber of video bl ocks have been coded. 32. The

conmput er - r eadabl e nedi um of clain129 wherein the

structions .caus he i nt ai.n

%gl u e’ll[é%??rg%%%r-r& ﬁ éﬁ? %mglgghofe cé th\%‘el%thﬁ 1195&1&10{10% cause the

peritd erdffst theeotfiforcdi srASEAMA afterfa‘itmf@ﬁ@lﬂtn@hib@ﬂomldé&ﬁocks have
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val ues has a non-zero coefficient value. 33. The

8DMpuThe esrepdabiced abbaimudivaf ofadl@m B &hehdi]teﬂreiimtltuh&'ons cause the

instructions cause the device to adjust th

O PANURRIST ERINb YRl BY quaesagﬁlf*é?%&oeeaah p%}l%wgam the portion of

&%%B'&h@ﬁkﬁm?a‘? rQERG iort e %8 §1e N&LFRehJt ALY number of

positions I n de cendi ng or on count val ues of

times tee¢dchoif ért popo®ng wmhm ths Aportfblne)f tlontpwtdmens ackd néeresentation

ium i nstructions cause the

GE0r cauf 18168{%6&1&@@%% hagerio e e S8 or der i n

accordance with the collected statistics to generate

the adjusted coefficient scan order when one of the
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of claim 35, wherein the instructions cause the device
eeefTiGigItRositiAN: count val ue correspondi ng to each

position within the portion of the two-di nensiona
representation of the coefficient values that tracks a
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rmal i zing the collected statistics when one of
thoesholdwalluees reaches a threshol d count val ue. 37. The
comput er - r eadabl e nedi um of claim 35, wherein the
i nstructions cause the device to normalize the
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val ues by a factor or resetting the count values to a

daticap nopmnelizgithe eallectodafaisscs. 38. The conput er - r eadabl e
medi um of claim 29, wherein the instructions cause the

36. The computer-readable medium of claim 35, wherein the instructions cause the
device to:

maintain a count value corresponding to each position within the portion of the
two-dimensional representation of the coefficient values that tracks a number of times
that each of the positions within the portion of the two-dimensional representation of the
coefficient values has a non-zero coefficient value; and

normalize the collected statistics comprises normalizing the collected statistics

when one of the count values reaches a threshold count value.



device to collect statistics and adjust the

coefficient scan order separately for each prediction
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wherein the instructions cause the device to: generate

a one-di mensi onal vector of cgefficient values froma

t wo- di nensi onal bl ock of coefficient val ues based on

the coefficient scan order; and entropy encode the
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gvef f The esthputad-teedablehe dilifeo fodaipia % whicesd el ligstrme donkoause the
f .claim?29, wherein the first _video block and the at
pAt tosded §iisitent agdivgel8e BPIERICBICEH ardlebse&alfaiterlg?or cach
@%ﬁkﬂgnHﬁME: wherein the instructions cause the device
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§ﬁb@%quent vi deo bl ock exists in a coding unit of the
first video bl ock; and neans for entropy coding the
coefficient values. 43. The device of claim42,

dher eThe tdrepach-readdbhgmodiansofadapi 29, nhercio g fihngivetibns cause the
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Rj'¢fstPed coefficient scan order. 44. The device of

cl ai M43, WReL&ldnERRnathIHeL NIRRT VAt ibs 4 HR-dimensional

coefficient scan '
vector of coefficient values based on the coefficient scan order; and

entropy decode the one-dimensional vector prior to scanning the coefficient

values.

41. The computer-readable medium of claim 29, wherein the first video block and
the at least one subsequent video block belong to a first coding unit, wherein the

instructions cause the device to re-initialize the scan order for a second coding unit.

42. A device that codes video data, the device comprising:

means for scanning coefficient values of a first video block using a coefficient
scan order;

means for collecting statistics associated with at least a portion of the coefficient
values;

means for adjusting the coefficient scan order in accordance with the collected

statistics;



order after a threshold nunber of video bl ocks have

been coded. 45. The device of claim42, wherein the
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corresponding to each position within the portion of

t he two-di nensional representggion of the coefficient

val ues that tracks a nunber of tines that each of the

positions within the portion of the tmo di mensi ona

represent at coef ient va
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representation of the coefficient values that tracks a
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coefficient val ues based on the coeff|C|ent scan

order;
47.  The device of claim 45, wherein the adjusting means updates the coefficient scan

order in accordance with the collected statistics to generate the adjusted coefficient scan

order when one of the count values reaches a threshold value.

48. The device of claim 42, further comprising means for normalizing the collected
statistics.
49, The device of claim 48, wherein

the statistics collecting means maintains a count value corresponding to each
position within the portion of the two-dimensional representation of the coefficient

values that tracks a number of times that each of the positions within the portion of the



and the entropy codi ng neans entropy encodes the
one-di nensi onal vectors after scanning the coefficient
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scanni ng nmeans generates a two-di nensi onal bl ock of
coefficient values froma onesgdi mensi onal vector of
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50.  The device of claim 48, wherein the normalizing means normalizes the collected
statistics by one of reducing each of the count values by a factor and resetting the count

values to a set of initial count values.

51. The device of claim 42, wherein the statistics collecting means and the adjusting
means collect statistics and adjust the coefficient scan order separately for each

prediction mode.

52. The device of claim 42, wherein:

the scanning means generates a one-dimensional vector of coefficient values
from a two-dimensional block of coefficient values based on the coefficient scan order;
and

the entropy coding means entropy encodes the one-dimensional vectors after

scanning the coefficient values.

53. The device of claim 42, wherein:

the scanning means generates a two-dimensional block of coefficient values
from a one-dimensional vector of coefficient values based on the coefficient scan order;
and

the entropy coding means entropy decodes the one-dimensional vector prior to

scanning the coefficient values.

54. The device of claim 42, wherein the first video block and the at least one
subsequent video block belong to a first coding unit, the scanning means re-initializes

the scan order for a second coding unit.



