APPARATUS AND METHOD OF CONSTRAI NED PARTI TI ON SI ZE FOR HI GH EFFI Cl ENCY

VI DEO CCODI NG BACKGROUND OF THE | NVENTI ON Cross Reference To Rel ated

Appl i cat iwo=0B)@8€1] The present invention clains prioriPCY/aN2011/082408

Provi si onal Patent Application, No. 61/416,188, filed Novenber 22, 2010,
entitled "Constrained NxN Partition for H gh Efficiency Video Coding". The
U.S. Provisional Patent Application is hereby incorporated by reference in
its entiretAPPARATUS AN® MEGHOId QOB[OCONS TRAINED #ARTHTIIONoN rel ates
to video processing. In particular, the present invention relates to
apparatus and rreSE%tE FORMIGH ERFICIENGYeMIDEOCOIDINgartiti on
associated with high efficiency video coding. Description of the Related
Art [ 0003] HEVC (High Efficiency Video Codin i s an advanced

vi deo codi ng system Mk@ﬁ@ﬁébﬂb@ﬂ? INNENITONCo! | abor ati ve Team on
Vi deo Coding (JCT-VC) group of video coding experts fromITU T Study G oup.
HEVC i s bl ock-based hybrid video coding with very flexible block structure.
Thr ee bl ofkovdieiersnse TpRqlated Appdisationy HEVC: coding unit (CU), prediction
unit (PU), and transformunit (TU). The overall coding structure is

char act er [008d] DYie phsemaihi@itidnsdlaes @loriGio BLS. Bodsiangl Pdtbrit Mpgpliceton; Si ve
fashion, where each picture is divided into |argest CUs (LCUs), and each
LCU consi Sios 6416438 4filsil Digvemben 2@, RA, jcatitlede nConstraingd \}‘é’i(N/ Partfioael@r i nt o
smal | er 1 . r o8 t . r . . litting
of CU hi (e:%ﬁé %Ef%ééﬁdcﬁﬁég%JgO%%ﬁé%%c 'Sl'fgra{?V %@%ﬂgﬁ%&ﬁ%@g@%ﬁf%ﬁegg’ split

i nt o predircbrpomtethby sf¢rblis)inas eotidiyng to prediction type and PU partition.
For tenporal prediction, the PU 25 types consist of SKIP, MERGE, DI RECT
and | NTERFiabdlettheHavemstpai i al predi ction, the PU type consists of |NITRA
node. For each 2Nx2N |l eaf CU, one partition size is selected. \Wen the

PredMode heLi i , r , d
e L R L A R R i O

al | owed PamnvtBiaerciascssolappdrets hind me{HiONMAN; o2idxiMyit MxPpdedidbidd unit Préinion he WO
2012/ 068817PCT/ g\'z%{hl/ 07&;108 Pr edNb%% is INTRA, the allowed PartSize is
sel ect ed PFH8AREI REINISRRINICICCERIdeR CoiilfmRY OF THE | NVENTI ON [ 0004] An
apparatus_and_ net hod for video coding with constrained partition for

predi ct i oRedsrirtiongfdhgRelated Agt The net hod according to the present
invention 5 conprises receiving a 2Nx2N |l eaf CU (coding unit) at depth k,
wher ei n N[00®3h HEWGS {(Hight Bffeicngy 8dder Cotiag) B andivikindcsl ddsecatiok sytager
greater than or equal to O, partitioning the 2Nx2N | eaf CU into a set of
PUS (predPef® VE}ﬁP?‘L}m%éc%?dTPHﬁ GolRBopfue Remonn node @%J%(J%‘éﬁ | eaf CU,
wher ei n tgﬁ)u?eéf Viddd voles Db RO b TN TSS 1R 8y @ngﬁ.he_H?EQ@' Kth108-pRde

i ncludes an INTER node and an | NTRA node, anhd renoving the NxN 1 O
partiti onhgbrrkvider dodmgpwehlivety diaxitedblock strhetuiNx ZhrdeedbckCebricsplsaarger t han

SCU (snal | est in constrained set of PUs is fornmed when. the
bar t1 ¢ onese i diE el o dne Al el Hrefiistiad SRULrEI R 8Py deo
codi ng W {TULOomRé 6aéraR dofiak tstiubaft fsQUhaRicReizZE6d bPRAhdPAdcus AIRs df €, dhgcl osed.
The alternative method accor di ng to the present invention conprises

r @fei vi ngaed Phia N reamsivefashioadivhegre gach picare gelptidedinto agsgogheleilnCNsk s an
i nteger greate n. 0.. for. each NxN |.ea of 4t he 2Nx2N | eaf :
ovat aat i o8 TE oG b Bobeing U FRELP NS HERh UL AR B fitet o

det er m nesmhllgaids aagihleAXNUk eafsnfalledt C@s hieUtchdhel e adndeUhofsplitiiag 2CGN | eaf

CU, evaluating condition 3 to determine if three prior |eaf CUs have the
depth k; Bissrreigal deseiingorosach leahCl is subliestdoiriber splis gitey pradicdion gityy | eaf
CUs have . . L L7e, Vi ng
22N par £ ] acira WprRen A AR Milior. FoP RElckl dRecik, W3 i (Pon 1
t Bbough comds tomist 6f 8KEP,AVIER&HS &VREA, T andINDEER ntddoni Fg spaiid pradibtiddxN | eaf

QU according,to the constigiped partition set,if thg condition 1 through
selected. When the PredMode (Prediction Mode) is SKIP, MERGE or DIRECT, the
only allowed PartSize (Partition Size) is {2Nx2N}. When the PredMode is INTER,
the allowed PartSize is selected from {2Nx2N, 2NxN, Nx2N, NxN}. When the



[ 0005] An apparatus and nethod for decoding of a video bitstream associ at ed
wth 25 video data, wherein the video data conprises a 2Nx2N | eaf CU

(codi ng wwop12awssiept h k partitioned into a set of PUs @pramN2etiiogeosnits)
according to a prediction node of the 2Nx2N | eaf CU, wherein the set

i ncludes NxN partition size and the prediction node includes an | NTER node
and an | hﬁﬁﬂhﬁ%ﬁ@és INTFRA¢ihs allpwedi Parffige iseelkegdAom ¢Ped-MNbF a vi deo

bitstream conprises performng a test to determne if the 2Nx2N 30 leaf CU
is larger than SCU ( ctin r the set of PUs
according to the tesﬁ%fﬁt@m@t@ J gﬁgﬁﬁ\&f@ﬁfto recover the PU
partition according to the codewords sel ect ed. BRI EF DESCRI PTI ON OF
DRAW NGS  [§902p] AR %) aatihd bﬁtﬁhfeﬁ{(ﬁsfoﬁml@ébemm’% YwihOEbi3EainBd tpaRAHohi fok on based
on the quadtree. (5) Fig. 2 illustrates allTowed partition sizes of
predicti oﬁredm“ﬂpnf@Tltsaa@mlzwoﬁi@af Thedmethodniceordip o ghe Airgsens iinydniign r at es an
npl e of tio t h .
Cog06] Cr LR IRRinPR ARG LT of ESufia iy lakp @ SHRIMR Misd il o1

2Nx2N | eafntégédigﬂsgtdﬂ hdn ( Sndow B adsdbel@tunﬁ@aﬁgremr tHalNERq a1 @6l 0¢ partitioning
[ 0010] Fi 81 illustrates an exanple of constrained partition set for a

2Nx 2N | eafle 20BN Isaf GHilntorapsehobl s fuedisiipmaytst ascordingiR %Prééﬁcﬁ?lilﬁ}ﬁ’ €[ 0011]
Fi 6 il

related t éf“%%?ﬁ’?ﬁo%% SuR IR SirDhe ST AN Dol Sha fl BIOERILE"
exanpl e ofmogly nhelxdas sodNatER] modehawdrat NTRAdmpde,t artd m‘mm&'ng ftbhe NOBNRA

partltl on si.zes at depths k.and k+ 0 Fi ustrates exanpl e
of Obi t st r BHHPGL SHEi gﬂf ‘?ﬂl%{%’“ofn"éﬁ %&‘Lﬁ‘t %F%IH ]Iﬁgf Gi{) TReT ﬁa @] [ 0014]
Fig. 9AI{dwusiksates v@fﬂ:r@ifi%%hﬁ’tré?ﬁe@éett %? 'P%% @&%ﬁ'v@ﬁe%dth§%ﬂltt%n%fzepy
partition from depths k through depth k+2 5] Fig. 9B

i |l ustrat egnevedt hisn adigaap’e apparigins gnd eeathabs ﬁUCYlé@Cedo@SlgltWiﬂl ofnspajned
20partitiQ ou d 016] Q0 illustrates an
ool e opipS FraiRidReb il 84 o BRIt Boe pliaRhvoROpedckastiRed &

t hrough deptrederBinvbRibh/donmpries debeividgus Izmmscaa“rcmmgeuﬂf) Didepthrigam
associ ated syntax of PU partition from depths throug{% depth k+4. 25[0018]

Fil§. 12 i Whessin Bitiegn areest angates thin GofRs eachi e losd QY of 2%?21\&6@8{3&}“ on unit
at depths 5311?29% lEor][dlltl tl hlg dnl—:tlt\l;r %%T’ e{fﬂga}% J%) gl‘tlogl% ﬂolde{é?llh({jl%t F%alﬁm
exarrpl e o0 COI’IS ral ne art 1 ON se I on unit a

k+1 in theadhNURA leadd&) is a fourth leaﬂOUZﬁ]thd:l’Zngﬂ\l%af IGUtsdviRiatisg adincblx(&fml e Of
alternative constrajned parti t| on et for SCK‘rlréedl cti on unit at depths k and
k+1 in th&® SNgEROGH SIS RERp 152, #FBS 2% 1he1deaty &t wd AP nff‘éw;hart of

det erm ni H&eﬁﬁlﬁéhf AinafrRA5HdrtANCERIhAO e RIBLIgTdaBi L tankl rha'v.'a\%ﬁ\l mode at
depths k and k+1 .

20 partltlon size, removing 2Nx2N partition size to form a constrained partition set if the

condition 1 through condition 4 are all asserted, and partitioning said each NxN leaf
CU according to the constrained partition set if the condition 1 through the condition
4 are all asserted.
[0005] An apparatus and method for decoding of a video bitstream associated with
25 video data, wherein the video data comprises a 2Nx2N leaf CU (coding unit) at depth
k partitioned into a set of PUs (prediction units) according to a prediction mode of the
2Nx2N leaf CU, wherein the set includes NxN partition size and the prediction mode
includes an INTER mode and an INTRA mode, are disclosed. The method for
decoding of a video bitstream comprises performing a test to determine if the 2Nx2N
30 leaf CU 1s larger than SCU (smallest CU), selecting codewords for the set of PUs
according to the test, and decoding the video bitstream to recover the PU partition

according to the codewords selected.



[0022] Fig. 16 illustrates an exanple of alternative constrained partition
set for prediction unit at depth k and k+1 in the I NTRA node. [0023] Fig.
17 il ustwater/mssiexenpl ary fl owchart of determ ning comstrréN2nad7p@stition
set for prediction unit in INTRA node at depths k and k+1 . 5DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [0024] During the encodi ng process, in order
to achi eve best possSiBREEPDESORIPTIONIOTFTIDRAWINGS unction or ot her
performance criterion usually is evaluated for various CU partition and PU
partition PU design in the current HEVC devel o nt results in sone
redu ndancipo{ggfg%% gﬁ}sgg‘@s ay F%etnai?li‘riyc?ﬁﬁ’fnﬁﬁ’@fti p&ﬁ“&“%ﬁf%ggn %@rqfl ffénce 10
criterionigRppated Nne¥ALUMALd PArif o8B0 f BRI G alniOfRdr aFAl X AP €,
redundancy nmay exist between the configuration of "the PU of the CUwth
dept h=k, MpHegiiNTER, PartSize=NxN' and the configuration of "the PU of the
CUwth d =k+1,, Mbde=| NTER, Part S.ze=2Nx2N'. The redundancy w || cause
aniecessaliPORT 6ib s RSTaRN RaLeBtys Pl AoT B0e e A PEs SR HBSRNT ol siect r og
t o devel opepkhs E@itA#1ai ned PU partition to elimnate or reduce the
redundancy in processing. Furthernore, it is desired to design necessary
syntax to Wﬂb%}g-t%élusﬁﬁ@s #Et $XeMPe Phcerstramed dugtitia srédore RN 14adn

bet ween a 5] kn.the high efficiency video
coding (H g%;ﬁg{oeaﬁ]%gdn é‘?&%‘@g’ﬁ“&%ﬁ%Ilr?%@“‘%‘?xed-si ze nmacrobl ock of

H. 264/ AVC[00d 0] €. o dlthishitea ahl @xhiplee ob botsiraintd paditadiddgo? a RNKDN 1daCU) . Fi g.
1 illustrates an exenplary coding unit partition based on a quadtree. At
défth 0, €olng wE fovoibisrigdlanay fordNDRA A dicHARi sting of 64x64 pixel, is the

| ar gest Nt i i i j adtree
pi 't as HeFHe, o HEua i B vk oo febel BBl e g R
CU i s not psplibh f@arpedictiontumgt. ot her hand a split flag 1 indicates the
underlyin .S split into four smaller coding units 25 L 122 by the
uadt roe. TOATEL Fis aMisligter 6t exEueeRG i e Sielel st s Gang Pt g 3" and
each resuldiINTREOFINGo s RACHABS aRd £odi ng unit for further split in the
next depth. The coding units resulted fromcoding unit CUQ 112 are

r éberred {WW13k Rigl8 dpstratpf sreexanpod! higstieaint asperiaipd pntiyyof e pgurignraée, t he
resul ti ngdcqgsi g%h&%ilt s are subject to further quadtree split unless the
codi ng uni P es a pre-specified smallest CU 30(SCU) size. Consequently,
at depth foo1uherigosh ngustdict afldkarhpR dfhisStuéingatsotiatedugdiak e PPbartitiag Shown
in block 120. Again, a split flag O indicates the underlying CUis not
split and,froﬁkﬂeﬂf’a‘é kshraeh Hepth ka2spl it flag 1 indicates the underlying CUis
split int Ie: I ' j : t codi ng
ni ¢ cuz, RS RECRY EhofRg S banip or iyl RGN ES T

sploi t t i ngpasitisinéom daptisliobkougB@eptark+eonti nue 5 until a pre-specified

smal | est coding.unjt. js reached. For exanple, if the smallest coding unit
is chosen[q(’g6 FigyH) illungatEDdh RAERlF of ,reamssa?la@gﬁyﬂtaé /Y ParGHione

subj ect tﬁoﬁwe?hﬁrktﬁﬁu'ghd@ﬁh%m?"m in block 140. The collection of quadtree
p

partitions of icture to formvariabl e-size coding units constitutes a

partitionl00df] flog. th8luengeder cxampe of dgstr¢ane assnpatedisyage odPdapaticondi ngl y.
The partit.ion s tp be nveyed to 1 Ot he decoder so that the decoding
process chﬂ%@%r’%ﬁ?‘wﬁgdﬁ@@%?éi ngly. [0026] Besides the concept of coding
upist, thejgpaBFans. Pf iIRKBMES bh QRaMplet of( FdktrdifeBhSAtibAS gRfon AnfdEYC. Once
the splitting of CU hierarchical tree is done, each leaf CUis subject to
further spenths  prdkipriadhe INBER mitides (PUs) according to prediction type and
PU partiti For t.e ral predicti he PU S nsi st of | P, MERGE,
s b recr Qa1 ke TRERE RIRABl Aor iR s R P B Bl e

consi sts aépthNTRAI Foidia.thdFNTRAGLERNX2N | eaf CU, one partition size is

sel ected. Wen the PredMbde (Prediction Mdde) is SKIP, MERGE or DI RECT, the
only al | ol¥30bdiig si4dllpstiatasi 41 skenpleeyl pliernatpgeosgnstrginet RAHEI, sdMo8e i s

| NFER, th - - ' S ﬁgj}ﬁ he set {2Nx2N, 2NxN, Nx2N,
Nx%ﬁ} as s %%&L?ﬁ%ﬁ"ltge&%ﬁszga@ ngﬁ%ﬁ]e rﬁe %Ie is INTRA, the all owed

Part Si ze {0023pFeci &dldstrars bhexaeplafy2idi2éiarthNNetermiitiey Ednsteimed)partinon he
current HEVC devel opnent. r ts in s redyndancy. For exanpl e,

r edundanc$t e Fggn%{%mﬁﬂ@oé?)ﬁtf egﬁwséﬁ%ngpﬁif "the PU of the CUwth
dept h=k, Mode=I NTER, PartSi ze=NxN' and the configuration of "the PU of the
CU with dept h=k+1, Mode=I NTER, PartSize=2Nx2N' as shown in Fig. 3. The PU
25 310 at depth k will be processed again at depth (k+1) as the PU 320. The
PU 310 is selected under the INTER node with partition size NXN. On the

ot her hand, the PU 320 is selected at the INTER node with partition size
2N x2N , where 2N =N. Consequently, the sanme block will be processed tw ce
at depths k and depth (k+1). The redundancy w || cause unnecessary

o . o, ”~ o F A/~ v
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-0.1 0.3 wbl2zo/@@8870 0.0 PCT/CN2011/072408

[0022] Fig. 16 illustrates an example of alternative constrained partition set for
prediction unit at depth &k and £+1 in the INTRA mode.
[0023] Fig. 17 illustrates an exemplary flowchart of determining constrained

partition set for prediction unit in INTRA mode at depths &k and £+1.

5 DETAILED DESCRIPTION OF THE INVENTION

[0024] During the encoding process, in order to achieve best possible performance,
rate-distortion function or other performance criterion usually is evaluated for various
CU partition and PU partition. The PU design in the current HEVC development
results in some redundancy to cause rate -distortion function or other performance
10 criterion repeatedly evaluated for some PU configuration. For example, redundancy
may exist between the configuration of “the PU of the CU with depth=#,
Mode=INTER, PartSize=NxN" and the configuration of “the PU of the CU with
depth=k+1, Mode=INTER, PartSize=2Nx2N". The redundancy will cause
unnecessary processing and waste valuable system resources. It is desired to develop
15 constrained PU partition to eliminate or reduce the redundancy in processing.
Furthermore, it is desired to design necessary syntax to convey the information related

to constrained PU partition between an encoder and a decoder.
[0025] In the high efficiency video coding (HEVC) system under development, the
fixed-size macroblock of H.264/AVC is replaced by a flexible block, named coding
20 unit (CU). Fig. 1 illustrates an exemplary coding unit partition based on a quadtree.
At depth 0, the initial coding unit CUO, 112 consisting of 64x64 pixel, is the largest
CU (LCU). The initial coding unit CUO, 112 is subject to quadtree split as shown in
block 110. A split flag 0 indicates that the underlying CU is not split and, on the other
hand a split flag 1 indicates the underlying CU is split into four smaller coding units
25 CUI, 122 by the quadtree. The resulting four coding units are labeled as 0, 1, 2 and 3
and each resulting coding unit becomes a coding unit for further split in the next
depth. The coding units resulted from coding unit CUO, 112 are referred to as CUI1,
122. After a coding unit is split by the quadtree, the resulting coding units are subject
to further quadtree split unless the coding unit reaches a pre-specified smallest CU

30 (SCU) size. Consequently, at depth 1, the coding unit CU1, 122 is subject to quadtree



Enc. Tine 88% Dec. Tinme 99% Table 1 [0028] Table 2 illustrated the
performance conparison agai nst a conventional HEVC PU partition for Low

Del ay H gwoBbfrmssmcy configuration. Again, the BD- WO PCT/CN2011/072408

2012/ 068817PCT/ CN2011/ 072408 rate performance is slightly higher or
approximately the same as the conventional PU partition. However, the
encodi ng tplivesishoemliy bBOROI2H. ARG anpEnila® 0ahdi Bl e tuntiérdingaild 8 mecodi ng
time is 98% of the conventional PU partition. Consequently, the constrai ned
PU parti t sgn aad.oor de egher bande siprtébgnt inilievten thicomdddymng $1U aitspbt ibefdwadvant age
of reduced encoding tine and decoding tinme while maintaini ng about the sane

BD-rat e p&hplipreadivg uads CRE. ddhhe th qswétreepuf agading Wt CUSw e hay2 Ficgh
(E:}‘ ;IS(S:I gnggﬁl@ﬁg S@Raltl?j)ég/%% sgft Efle qua tree ép{?ttm\é a%%hcl?\?v%?n {)%)ck ?38‘ %a?n (I?on%nilie 0.10.0
5 until a pre-specified smallest coding unit is reached. For example, if the smallest
coding unit is chosen to be 8x8§, the coding unit CU3, 142 at depth 3 will not be
subject to further split as shown in block 140. The collection of quadtree partitions of
a picture to form variable-size coding units constitutes a partition map for the encoder
to process the input image area accordingly. The partition map has to be conveyed to
10 the decoder so that the decoding process can be performed accordingly.
[0026] Besides the concept of coding unit, the concept of prediction unit (PU) is also
introduced in HEVC. Once the splitting of CU hierarchical tree is done, each leaf CU
is subject to further split into prediction units (PUs) according to prediction type and
PU partition. For temporal prediction, the PU types consist of SKIP, MERGE,
15 DIRECT and INTER modes. For spatial prediction modes, the PU type consists of
INTRA mode. For each 2Nx2N leaf CU, one partition size is selected. When the
PredMode (Prediction Mode) is SKIP, MERGE or DIRECT, the only allowed
PartSize (Partition Size) is {2Nx2N}. When the PredMode is INTER, the allowed
PartSize is selected from the set {2Nx2N, 2NxN, Nx2N, NxN} as shown in Fig. 2.
20 When the PredMode is INTRA, the allowed PartSize is selected from the set {2Nx2N,
NxN}. The PU design in the current HEVC development results in some redundancy.
For example, redundancy may exist between the configuration of “the PU of the CU
with depth=k, Mode=INTER, PartSize=NxN" and the configuration of “the PU of the
CU with depth=k+1, Mode=INTER, PartSize=2Nx2N" as shown in Fig. 3. The PU
25 310 at depth k£ will be processed again at depth (k+1) as the PU 320. The PU 310 is
selected under the INTER mode with partition size NxN. On the other hand, the PU
320 is selected at the INTER mode with partition size 2N’x2N’, where 2N’=N.
Consequently, the same block will be processed twice at depths & and depth (k+1).
The redundancy will cause unnecessary processing and waste valuable system

30 resources.



0.1 -0.10.4Cass E0.00.20.5A1 0.1210.1210.3Enc. Tine 86% Dec. Tine
98% Table 2 [0029] Simlarly, the PU design in the current HEVC

devel opnmew0 2a1298818sul t s i n sonme redundancy for the | NTRATmte11/0F2408
exanpl e, redundancy may exist between 10 the configuration of "the PU of
the CU wth dept , Mode=I NTRA, Part Si ze=2Nx2N' and, t he confi guration of
"the PU OIOQZF{EP %ﬁ%eh@wwwﬁfbomaré‘up , thopllowableptipon Jigesgigier to

el i i natt e b G, ABRY & FHUATBNCHbd el Aﬁg@ﬂ?&n@mhﬁ&pa@ SohGSinFiE

constrai ned accor |ng t e present 1 nvention %s'shomn in
Fig. 5. COonsequenly, Yor éavh leac@UI lpeder Guinl aCHe(sntaHas (SO the pertitibn eidey

partition size, all ot her .words, the artition is not
T ovied T BTOV Rrs AN ENEReIONK IR [T OInEF et 1 NS pRRfopHs TRkar o
size is tQﬁo@&f%r@ﬁT@%&@@th@ﬂeﬁf (D@H& Ik @Mhal S€S, 12N 2™ rand sibk N thgmy be
allowed. Table 3 illustrated per f or mance conpari son agai nst a

conventloﬁ%ﬁe&E@Clﬁ&ﬂ%aﬁhmﬁmmm1ﬁaﬁ,BNBZH,ENQN;EﬁﬂNCﬂ@%bvﬁh@miﬂ@mW@ilon The

BD-rate perfor ce i.s sI| htI her n nv, ion

part 1t on Rt ar gt FAe me OB GBS PO AR ROLM bRt o
partiti oninshision cleN@Mi pgtitidnreizé Svifl &6t Qﬁu@ehl%dﬁﬂfh‘ﬂeﬁt ITaBRI 1 Plihsbled the

2012/ 068817PCT/ CN2011/ 072408 partition. Conseq uent%%?%the constrai ned PU

partiti onSYédbr R maRce r%nwa@%@ntagalﬁsﬁeﬁ@m@ﬁtla@bﬁ tR&d BYBEPBNIOF al

B‘é‘fﬁ“c“ ongl ?Qdo‘?ﬂ%%@és@%‘gh 'ﬁﬁﬁ@lﬁi@ﬁ%ﬁ}gﬁr “Gr‘hé‘& téIH go%ﬁ%%g il i \Ypi | € the

rate performance is-sli (mors
BD-rates for YUV components, encoding time and decodmg time. The BD

(Bjontegaard-delta)-Rate is a standardized method for measuring percentage of bit
rate savings at equal PSNR or decibels of PSNR benefit at equal bit rate, which is
widely used in the field of video compression. A negative BD-rate means bitrate
15 reduction and a positive BD-rate means bitrate increase. The comparisons are
performed based on different video test materials, referred to as Class A, Class B,
Class C, Class D and Class E. As shown in Table 1, the BD-rate performance is
slightly higher or approximately the same as the conventional PU partition. However,

the encoding time is only 88% of the conventional PU partition while decoding time

20 18 99% of the conventional PU partition.

Random Access | Y BD- U BD- V BD-
High Efficiency | Rate(%) Rate (%) Rate (%)
Class A 0.2 0.2 0.2
Class B 0.2 0.2 0.2
Class C 0.2 0.1 0.2
Class D 0.1 -0.1 0.3
All 0.0 0.0 0.0
Enc. Time 88%

Dec. Time 99%

Table 1

[0028] Table 2 illustrated the performance comparison against a conventional

HEVC PU partition for Low Delay High Efficiency configuration. Again, the BD-
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rate performance is slightly higher or approximately the same as the conventional PU
partition. However, the encoding time is only 86% of the conventional PU partition
while decoding time is 98% of the conventional PU partition. Consequently, the
constrained PU partition according to the present invention demonstrates the
advantage of reduced encoding time and decoding time while maintaining about the

same BD-rate performance as the conventional PU partition.

Low Delay Y BD- U BD- V BD-
High Efficiency | Rate (%) Rate (%) Rate (%)
Class B 0.1 0.1 0.0
Class C 0.1 0.2 0.2
Class D 0.1 -0.1 0.4
Class E 0.0 0.2 0.5
All 0.1 0.1 0.3
Enc. Time 86%
Dec. Time 98%

Table 2

[0029] Similarly, the PU design in the current HEVC development also results in
some redundancy for the INTRA mode. For example, redundancy may exist between
the configuration of “the PU of the CU with depth=k, Mode=INTRA,
PartSize=2Nx2N” and the configuration of “the PU of the CU with depth=k+1,
Mode=INTRA, PartSize=NxN”. In order to eliminate the above redundancy, the
allowable partition sizes are constrained according to an embodiment of the present
invention as shown in Fig. 5. Consequently, for each leaf CU larger than SCU, the
only partition size allowed is 2Nx2N. In other words, the NxN partition is not
allowed for INTRA mode if the leaf CU is larger than SCU. If the leaf CU size is the
same as SCU size, all partition sizes, 2Nx2N and NxN, may be allowed. Table 3
illustrated the performance comparison against a conventional HEVC PU partition for
Intra High Efficiency configuration. The BD-rate performance is slightly higher than
the conventional PU partition. However, the encoding time is only 72% of the

conventional PU partition while decoding time is 98% of the conventional PU

(% V BD-Rate (%
Class C0.20.20.3Cass D0.10.1
PCT/CN2011/072408

c
0.

a
1

SS



0.7 AIl 0.2 0.3 0.4 Enc. Tine 72% Dec. Tinme 98% 5Table 3 [0030] In the
above constrained partition sizes, the NxXN size is allowed when the CU size
is the sawo 2002/06887SCU si ze. Neverthel ess, the NxN part iPCiram2giing24o8y al so
be renmoved when the CU size is the sane as the SCU size. For exanple, only
the constrained partition sizes, 2Nx2N, 2NxN, and Nx2N, nmay be used for the
I NTER 1 Pamiitide WoensdghentGl) tht Z@nktBaihdie PRARRrtaRnt heofafthl Sbzthe Pridkdnper
reduction in processing tine can be expected. The test results for Random
Access Hi givefidn déremsyracesfibsgantiat reolnctaomeinsénwading ninfa e mpdeRaedimoiccess

High Efficiency. Y BD- Rate (%9 U BD Rate (% V. BD-Rate (%9 Cass A 0.3 0.4
0. 6 O assimsdecoding ttme while the BD-rate performance s slightly degraded” (worst case

0.7%).

All Intra Y BD- U BD- V BD-
High Efficiency | Rate (%) Rate (%) Rate (%)
Class A 0.3 0.5 0.7
Class B 0.2 0.3 0.4
Class C 0.2 0.2 0.3
Class D 0.1 0.1 0.1
Class E 0.3 0.7 0.7
All 0.2 0.3 0.4
Enc. Time 72%
Dec. Time 98%

5 Table 3

[0030] In the above constrained partition sizes, the NxN size is allowed when the CU
size is the same as the SCU size. Nevertheless, the NxN partition size may also be
removed when the CU size is the same as the SCU size. For example, only the
constrained partition sizes, 2Nx2N, 2NxN, and Nx2N, may be used for the INTER
10 mode when the CU size is the same as the SCU size. Further reduction in processing
time can be expected. The test results for Random Access High Efficiency

configuration are shown in Table 4.

Random Access | Y BD- U BD- V BD-
High Efficiency | Rate (%) Rate (%) Rate (%)
Class A 0.3 0.4 0.6
Class B 0.3 0.7 -0.2
Class C 0.4 0.3 0.4
Class D 0.4 0.2 0.6
All 0.0 0.0 0.0
Enc. Time 81%

Dec. Time 97%




-0.2 Cdass C0.40.30.4Cass D0.40.20.6 All 0.0 0.0 0.0 Enc. Tine 81%
Dec. Tine 97% WD 2012/ 068817PCT/ CN2011/ 072408 Tabl e 4 [0031] As shown in
Tabl e 4, wbeoenessglrng tinme is further reduced to 81% fr @cUT8NWiwvo7I@Bl e 1.
On the other hand, the decoding tinme is further reduced to 97% from 99% i n
Table 1. The BD-rate performance isTst'bg tly degraded conpared with that in
Table 5 1. The test results for Low QY H gh Efficiency configuration are
shown i n TBHEAS shoviaeireT dbied ghe etiodthgt timeisifarthedededd to8 B Yooht 887:86% and

the decoding tine increases slightly to 100% from 98%in Table 2. Low Del ay
High Effi &"ia‘@lndy On the other hand, the decoding time is further reduced to 97% from 99% in

Table 1. The BD-rate performance is slightly degraded compared with that in Table
5 1. The test results for Low Delay High Efficiency configuration are shown in Table 5,
where the encoding time is reduced to 81% from 86% and the decoding time increases

slightly to 100% from 98% in Table 2.

Low Delay Y BD- U BD- V BD-
High Efficiency | Rate (%) Rate (%) Rate (%)
Class B 0.0 0.0 0.0
Class C 0.2 0.3 0.4
Class D 0.1 -0.2 0.3
Class E 0.4 1.2 0.6
All 0.2 1.4 0.1
Enc. Time 81%
Dec. Time 100%

Table 5

[0032] Similarly, the NxN partition size may also be restricted when the CU size is
10 the same as the SCU size for the INTRA mode. In this case, only 2Nx2N partition
size 1s allowed when the CU size is the same as the SCU size for the INTRA mode.
The test results for INTRA High Efficiency configuration are shown in Table 6,
where the encoding time is reduced to 50% from 72% and the decoding time is

reduced to 94% from 98% in Table 3. However, the BD-rate performance increases

15 noticeably with a worst case of 5%.

All Intra Y BD- U BD- V BD-
High Efficiency | Rate (%) Rate (%) Rate (%)
Class A 2.2 1.5 1.7
Class B 1.5 0.7 0.8
Class C 3.9 1.9 1.8
Class D 5.0 2.6 2.6
Class E 23 1.6 1.8




Y BD- Rate (%9 U BD Rate (%9 V BD-Rate (%9 Class B 0.0 0.0 0.0 CUass CO0.2
0.3 0.4 Cass D0.1-0.20.3Class E0.41.20.6 AlIl 0.2 1.40.1 Enc. Tine

81% WO 2012/068817 PCT/CN2011/072408
All 3.0 1.6 1.7
Enc. Time 50%
Dec. Time 94%
Table 6

[0033] An example of syntax design to support the constrained PU partition is

illustrated in Fig. 6. The mode_table idx syntax clement denotes the prediction

mode and the partition mode for Low Complexity Entropy Coding (LCEC). Although

5 this syntax element in Table Fig. 6 appears to be the same as that in the conventional
HEVC as of November 2010, its meaning has to be modified accordingly. When the

current CU size is larger than the SCU size, there is no codeword associated with

NxN partition size for both INTRA and INTER prediction modes. There is no

codeword associated with 2Nx2N for I slice INTRA neither. The codeword

10 associated with 2Nx2N for B slice INTRA needs to be modified as well. When the
current CU size 1s the same as the SCU size, codewords of NxN partition modes for

both INTRA and INTER prediction modes exist. The intra_split flag denotes the

2Nx2N partition mode if intra_split_flag=0 and denotes the NxN partition mode if
intra_split_flag=1. This flag is used when INTRA prediction mode is selected and

15 CABAC is used. If the current CU size is larger than the SCU size, this flag will not
be transmitted, and the 2Nx2N partition mode will be indicated. The
inter_partitioning_idc syntax clement denotes the partition mode when INTER

prediction mode is selected and CABAC is used. Although this syntax element in

Fig. 6 appears to be the same as that in the conventional HEVC as of November 2010,

20 its meaning has to be modified accordingly. When the current CU size is larger than
the SCU size, there is no codeword associated with NxN partition. When the current

CU size is the same as the SCU size, a codeword associated with NxN partition exists.

[0034] Table 7 illustrates an example of codewords for the case of INTER slice (or

picture) and INTER prediction according to the conventional HEVC as of November

25 2010. Besides the symmetric partition sizes of 2Nx2N, 2NxN, Nx2N and NxN,
optional asymmetric partition sizes of 2NxnU, 2NxnD, nLx2N and nRx2N are also

listed in Table 7. The codewords associated with the optional partition sizes are

10



Dec. Tine 100% Table 5 [0032] Simlarly, the NxN partition size may al so
be restricted when the CU size is 10the sane as the SCU size for the | NTRA
node. | n wbi2e12em887 only 2Nx2N partition size is all owe@®CERGN0t1082408) Si ze

is the sane as the SCU size for the I NTRA node. The test results for |INTRA
H gh Efficiency configuration are shown in Table 6, where the encoding tine
i s reduceghdvn 50 %allic oty1é200 aiftdrdnitiated eadifidgh thereodsviréduee thet otaliddd f r om 98%
in Table 3. However, the BD-rate perfornmance increases 15noticeably with a
wor st caseyrmomeBiopartAidn. |Wherathkisgnd&f fsyminetroypartiBD isRacd tidgodewBils IRat e (%)
Vv BDRate0§‘3/?)OC:Iass A2.21.51.7Cass B1.50.7 0.8 Cass C3.9 1.9

I and 0001 are assigned to partition sizes 2Nx2N, 2NxN, Nx2N and NxN
respectively. The codewords for the case of INTER slice (or picture) and INTER
5 prediction for constrained PU partition according to the present invention are shown

in Table 8. Since the NxN partition size is not used, there is no need to assign a

codeword to the NxN partition size.

INTER Slice (Picture) INTER Prediction

2Nx2N 1

2NxN 017
2NxnU 0100
2NxnD 0101

Nx2N 0017
nLx2N 00100
nRx2N 00101

10 Table 8

INTER Slice (Picture) INTER Prediction

2Nx2N 1

2NxN 017
2NxnU 0100
2NxnD 0101

Nx2N 0017
nLx2N 00100
nRx2N 00101

NxN 0001

Table 7

[0035] Table 9 illustrates an example of codewords for the case of INTER slice (or

11




1.8 Class D5.0 2.6 2.6 Class E2.3 1.6 1.8 WO

2012/ 068817PCT/ CN2011/ 072408 Al 3.0 1.6 1.7 Enc. Tine 50% Dec. Tinme 94%
Tabl e 6 [WO38j2/08881@xanpl e of syntax design to support tReTENIStIVER408d PU
partition is illustrated in Fig. 6. The node_table_ idx syntax el enent
denotes the prediction node and the partition node for Low Conplexity
Entropy Cpidiurg) 4ndFRIRA plddivaisghccording to the conventional HEVC as of November

2010, where both 2Nx2N and NxN partition sizes are allowed. The codewords for the
case of INTER slice (or picture) and INTRA prediction for constrained PU partition
according to the present invention are shown in Table 10. Since the NxN partition

5 size 1s not used, there is no need to assign a codeword to the NxN partition size.

INTER Slice (Picture) INTRA Prediction

2Nx2N 00000
NxN 00001
Table 9

INTER Slice (Picture) INTRA Prediction

2Nx2N 000
Table 10
10 [0036] Table 11 illustrates an example of codewords for the case of INTRA slice (or

picture) and INTRA prediction according to the conventional HEVC as of November
2010, where both 2Nx2N and NxN partition sizes are allowed. The codewords for the
case of INTRA slice (or picture) and INTRA prediction for constrained PU partition
according to the present invention are shown in Table 12. Since the NxN partition

15 size 1s not used, there is no need to assign a codeword for NxN partition size.

INTRA Slice (Picture) INTRA Prediction

2Nx2N 1
NxN 0
Table 11

INTRA Slice (Picture) INTRA Prediction
2Nx2N

Table 12
20 [0037] For the INTRA partition size, the conventional HEVC as of November 2010

12



5 this syntax elenent in Table Fig. 6 appears to be the sane as that in the
conventional HEVC as of Novenber 2010, its nmeaning has to be nodified
accor di ngw9.20les81rhe current CU size is |larger than thecs@y28i1ag2408here is
no codeword associated with NxN partition size for both I NTRA and | NTER
predi ction nodes. There is no codeword associated with 2Nx2N for | slice

| NTRA nei tifigrone Thieatcqgewartd indifatassiathcatis blbck Hs 2pik2iM dday aldl shd b td NTRA
needs to be nodified as well. Wien the current CU size is the sane as the
SCU si ze, iclosénbe gartivion Nizbl  par thie tpadrtionedaspleshowo ithFigNTRAe aod ehiiitaR

predi ction nodes exist. The intra_split _flag denotes the 2Nx2N partition

node if i REVE gplljuse pnghedo dxbicaiefistdack e NABSYT thlitiiegh ahoRlecksthave

i nt lit flag=l. This flag.i | NTRA predi ct | de .i

ol ecroq Mrrora g aed ta soadiondl HRSCHRP St bl & e e EPITHER e scu
Tze. thic 1 ; ! ! ' ge! do e ]
Lot g i, DRty BRI koG GESANEN AL B gpde v

part i t i onepgias Wen TNTGERIR Ak Hah@hclBidtnd  SRbathahandh GABAG: s, Used.

Al t hough this syntax elenment in Fig. appears to be the sanme as that in

t he convebitiapdepth HEYGnaisate fwhvthee nixeblo2 10split2 [Dthet odkeRNiplig dnabit fr be

nodi fi ed accordingly. Wen the current CU size is larger than the SCU si ze,
there i s pahcoldtheobldckassioddpdt €d-1Wiis meddad. pdherefarana tatihleol 6 Hwtscwrll bat CU
size is the sane as the SCU size, a codeword associated with NxN partition
exi sts. [0OB4pd byshe mpdifiadyaethad dor e cxrapls i@ g Coddwesiers. Ao syMex case of

| NTER slice.(or picture) and | R prediction according to the conventi onal
HEVC as o esﬁéﬂ/‘éﬁ’ﬁ%‘f@dt? E‘@Y@).the‘%g?lalg(‘é"t he symretric partition sizes of
2Nx2N, 2NI38NKkR2ddantd idkpikhveoht iefifvadncasymeraintple oPavt sntandsignes sbdwz NxnU,

2NxnD, nLx2N. and nRx2N are also listed in Table 7.. The codewords associ at ed
with the 8bfiCoRaVisss: ¢ ineVoty s demgptectughes osmdit ftass is7ipkief ¢aqd 0 1Hh02%08 shown

in Italicgghpl aeﬂlgntdeic%rg%@{ﬁﬁio%t‘: @n gfr??éJnE BMHe e LRAAVOTR dsQbnd Q@alﬁ;& a{‘ﬁgr d

symretric partition. e stan symretric partition I's use
codewor ds11f a0lgasiO0dc ahthcOl (Aiscatathsimgrederitb neads furiben sglitzasl 26BN, 2NxN,

N and i vely. The .cod ds_f h f | NTER s |

icture) HabaR g R oo BT REE LS Hidl BE 3 finth BIFSedih ng 1 o

the presepfiti MRBdioARE nSWAPALak MedigR) tBe osuRbd16i8s &Pﬁs&m&ﬁnﬁé bhditien size is
e

not used, there is no need to assign a codeword to partition size.
| NTER Sl i e shPivetinfed. 8 NiER theesds apinged fpodanther spRk depth A2Nesingdd DO 2NxnD

0101 Nx2 Nfoqqgillthep_l‘sél%{\l fl%%]h(l)(gcaﬂeRsx t%m 19091% %% the four CUs at depth k+1 is further split.

Therefore, 2 bits in total are required by the constrained partition using the new syntax
20 design of Fig. 8 and the constrained partition using the new syntax design has the
same efficiency as the conventional HEVC. Fig. 9A illustrates an example where at
least one CU at depth (k+1) is further split. The CU 910 at depth £ is split into four
CUs labeled as 912, 914, 916 and 918 respectively. For the resulted bits based on the
new syntax, the first bit labeled as 920 corresponds to the CU 910. Since CU 910 is
25 split, the split flag(k) bit labeled as 920 has a value of 1. The following bit
corresponds to further split flag and has a value of 1 since at least one of the four
CUs labeled as 912, 914, 916 and 918 is further split. The bits labeled as 922 and 928
correspond to CUs 912 and 918 respectively. Since CUs 912 and 918 are not split,
the corresponding split_flag(k+1) bits 922 and 928 have a value of 0. On the other
30 hand, the bits labeled as 924 and 926 correspond to CUs 914 and 916 respectively.
Since CUs 914 and 916 are split, the corresponding split_flag(k+1) bits 924 and 926
have a value of 1. Since CUs 914 and 916 are not further split at depth (k+2), both the

13



NxN 0001 Table 7 |INTER Slice (Picture) INTER Prediction 2Nx2N 1 2NxN 011
2NxnU 0100 2NxnD 0101 Nx2N 0011 nLx2N O O / 0 O nRx2N 00101 10Tabl e 8
[ 0035] Tawbeofr/icBd1astrates an exanpl e of codewords for wrhe/@asa/ 02408 NTER
slice (or

bit following bit 924 and the bit following bit 926 have a value of 0 as shown is Fig.
9A. Consequently, the resulted bitstream according to the new syntax contain § bits.
On the other hand, the resulted bitstream according to the HEVC Test Model (HM)
contain 9 bits. Therefore, the new syntax is more efficient than the conventional
5 HEVC for this example.
[0039] Fig. 9B illustrates another example where only one CU at depth (k+1) is
further split. The CU 950 at depth £ is split into four CUs labeled as 952, 954, 956
and 958 respectively. The CU 956 at depth (k+1) is further split, while the other three
CUs at depth (k+1) are not further split. For the resulted bitstream based on the new
10 syntax, the first bit labeled as 960 corresponds to CU 950. Since CU 950 is split, the
split_flag(k) bit labeled as 960 has a value of 1. The following bit corresponds to
further_split_flag and has a value of 1 since at least one of the four CUs labeled as
952, 954, 956 and 958 is further split. The bits labeled as 962, 964 and 968
correspond to CUs 952, 954 and 958 respectively. Since CUs 952, 954 and 958 are
15 not split, the corresponding split_flag(k+1) bits 962, 964 and 968 have a value of 0.
On the other hand, the bit labeled as 966 corresponds to CU 956. Since CU 956 is
split, the corresponding split_flag(k+1) bit 966 has a value of 1. Since CU 966 is not
further split at depth (k+2), the bit following bit 966 has a value of 0 as shown is Fig.
9B. The resulted bitstream according to the new syntax contain 7 bits. On the other
20 hand, the resulted bitstream according to the HEVC Test Model (HM) contain 9 bits.
Therefore, the new syntax is more efficient than the conventional HEVC for this
example.
[0040] Fig. 10 illustrates an example corresponding to further split of example in Fig.
9A, where one of the CUs in CU 914 and one of the CUs in CU 916 are further split,
25 labeled as 1014 and 1016 respectively. To indicate this further split, the corresponding
bits are shown in Fig. 10 by assigning a value of 1 to the bit following the bit 924 and
to the bit following bit 926 respectively. Only the bitstream at depths £ and k+1 are
shown in Fig. 10 and the bitstream for depth £+2 and beyond are shown as dots in Fig.
10. Therefore, the new syntax design requires 6 bits to represent the partition at
30 depths & and £+1 while the conventional HEVC requires 7 bits. Fig. 11 illustrates a
further example, where all CUS 912, 914, 916 and 918 are further split at the next two
depths. The resulted bitstreams based on the new syntax and the HEVC Test Model
are shown in Fig. 11, where the new syntax requires 6 bits while the conventional

HEVC required 5 bits for partition at depths k£ and k+1. As shown in the examples

14



WO 2012/ 068817PCT/ CN2011/ 072408 picture) and I NTRA prediction according to
t he conventional HEVC as of Novenber 2010, where both 2Nx2N and NxN

partiti orweizapessie al | oned. The codewords for the casePoffl/ANMTHR73408ce (or

picture) and I NTRA prediction for constrained PU partition according to the
present invention are shown in Table 10. Since the NxN partition 5size is

not used, 2RNEr BNV FYNIZE YOS %@%%tdnép% n {he copxenierRalAEY 4 i on si ze.
Tabl 9 | 0[ 0036
Table 11 MU Fle 32 MEREASY b PERREld 1t b xR LeBiemeRabe o Poe

(or pict upe:)semnmvdnmﬁéorpﬁ‘etﬁktmanin ducthmschamg atcb:ptlhe INoBRetiUi stadan HEYC as of

Novenber where bot h 2Nx2N an [tion sizes ar owed. The
codemrdsﬁfg‘ﬁoppﬁee%%‘éfeeve&f t@%mdgﬂ’tﬁégk {(\loﬁ\?#rl%t fadgl uF?\I%&A?‘a%}L' ﬁﬁéti on for
comstrai nﬁfﬁldﬁldn&ﬁﬂ’slgﬂ tFl%nl?—ﬂﬁ@fr%@%étﬁeﬂé&%s@iﬁ&ﬁ% ﬂaﬁ‘i’tﬁﬁt dc‘éGrd%{getoSthQV\“ in

Tabl e 12. Since thé Nx artition 15size is not used, there is no need to
assi gn a prdeianenfion fwmmttmdeorlnéhlze)asel, N’Id%ﬂf@if INERAPGUtSEI&IG)aHILISHRA

Predictio NO Ta I I GLure dipetion
NN TabRERLBO0r B0y ie e ToRe RITRR A Snot FHE s SRS b Ponal reve
as of Noveirheanidl. uses one bit at depth k to i ndi cate whether the bl ock
is split or not, and one bit to indicate the partition size. For the

partiti on[@%&hﬁpfeﬁaﬁ}hQNﬁNHﬂFﬁ@J atzdentin s the FRINEND frar ceplycong 4r¢ ta5d tone bi t
t?O' ndi Ca%l%t ﬁ}b&ﬁzl\l}%ﬂtw t&)e ﬁpalllotm;e NQr IﬁIlIlEglb ln%ﬁg Ilt*aa\ﬁe¥ fpe same
convent iona 0 Ne

size and use anot er b1t icate
partiti OncorﬁlmmeareraeSﬁeefcbrtﬂe 2 X001t phrticibn As hlisadloaréd asediowmeth byg.t e

conventio t he example_.in Fig, 7. t he ot her hand, cordi ng
to a nodi fHLgvut ﬁatﬂtlagész%r?é\b%ﬂ 2 Xl\héﬁagﬁf téldtlHXNn%ne@Qweqméfﬁﬁer t he
bl ock is ?d?fr'chndltli)nstal}g (éi?l QP}5>O cSRhiafler tﬁQ{?tk@'LleJ%fze?ﬁ itthe thecfl@gks at

depth (k+1) is needed herefore, a total of 5 bit be required by the
modi fi ed methhddstf(&vurthhéeee”@Hmfets parBintgCU7 . (cThe thef one@, threewlesly@taxhaie 0desi gn

eﬁf5| ci enc§}t %&'r(?pe%tﬁ@ %%ﬁip&:}ﬁggp&%@%g@ *(’Odg a’%“ﬁP%‘l‘?r%r O:é?\]’\tﬁﬂgr e a new

syntax el efeent fiMEtNey as Rkéthphiyadowshdrnbf @QﬂéﬁﬁﬂingTE@lsﬂﬁMeé)pahﬁ%neﬂoenent
according to one enbodi nent of 't he Er esent invention assigns a value 1 if

at | east predictipnuhi i BVFERWsodstat dapthnéxnd debt hha dedsotditiensere &gicdtin and
assi gns rt her i Iue f on at the
next dept %E)ﬁ%eﬁgslﬁfurttﬁerf%usfp} ?C ]}fiéc%nrsdar% Sa?l Sﬁ‘ts s §%v19g1§%rlttsazxe %@’é@ﬁg

resul ted bitipged; &pr ps€inbh RGct b@ﬁ\tﬂamktmothlam arsiHdrin iblockk 95223 1521 nfe there
is no need for further split at depth k+1, a single bit

f éft her _sph3d reﬁwwlﬁd .Featle@%atte %’H@orbmt AN @a them%eréﬂaétpdq@tmch is
further spfidsTH&iaHHi6ek ?—52%' iy t&'a dpter8$e§é 1sa &ﬁ‘h@@w ¢ g@%ﬁ&ﬁ@f&?@&tr ai ned

partition using the new syntax sign o e constrained
par titi oncasiithgnstih @onewis Byt pantitiche siags {thzthstNaneN} iacd eredyas aBowhe

t EV 9 | ustrat. t CU at
dept h (o B PIOET FPnoP 4 |3 56riepeli o T4 BBt Bl 4 phHt SPntidhf our OUs
| abel ed ag,¥d gy 1@%6U %ﬂz@” ?snes@&%l Be%pqeto Vel e rERI ik B&eF&S UhS akibAS based

on the new syntax, the first bit |abeled as 920 corresponds to the CU 910.
SPAce CU 91z NxN 1szzﬂscstrie|dtas shewnsip| ilockf 1 Hgg kihebivise,| thbghedioassi@2¥xNas a val ue

of 1. The f.ol ldlo gg bit corres onds to further _split _flag and has a val ue
of 1 si noskigeedaigdie pigcessd® coMPSE; s | abel ed as 972, 914, 916 and 918 i
further spo48] Fdh@chiNsoNabal @d abgepIR 2, tﬁ@@ol%m@ﬂfu&%ﬂﬁﬂ&s@e {dked942 and
918 respectively. Since CUs 912 an 918 are not split, the correspondl ng

split_fl ag¢tRemine pihetheptie 2Nl partitigy sizg ls/atlwdotor@NTM mde.offdl fouso hand,
the bits L@ﬁﬂlo}g dﬁg 1%?141%%”411?9%?\1)(%@[1@& 3R8R s tcﬁsa o3 %k I&{&% 9&16 esl%ec“ vely.

Si nce CUs are correspon spI bits 924
and 926 hawerais¢abaotk paftition s‘BtdSQENQIS aﬁdZN)&m,darQhﬁoﬁé@ ot fHwr ctd‘mdmo@pl it at

depth (k+2), both the bit followng bit 924 and the bit follow ng bit 926
have a Vapr@e(abqf 0 .. sHlgr than ﬁ}e& size), (b) if the current CU is the last (foutth)

leaf CU of its parent CU, (c) if the prior three leaf CUs have depth=k" and (d) if the
prior three leaf CUs have Mode=INTRA and PartSize=2Nx2N. Fig. 17 illustrates an

exemplary flowchart of determining constrained partition for prediction unit in
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9A. Consequently, the resulted bitstream according to the new syntax
contain 8 bits. On the other hand, the resulted bitstream according to the
HEVC Testwbtrdeosgddi) contain 9 bits. Therefore, the newPSTMIN2HI1/0924081 €
efficient than the conventional SHEVC for this exanple. [0039] Fig. 9B

illustrates_anot her exarrple where only one CU at depth +1)_is f rther
split. ThEVERAgBedest dgpifthpngd AHd. g&sl?'f?ur'qef@ﬂpawe@%ed« la@iq%l 738 b5he 954,

956 and 9 rt%&%&fdiﬁ’o% reT fi t%‘él ap%‘tm@ﬁps?urtﬁﬂﬁl IsS sﬁlbﬁe}gh‘?r sglijt. while

t he ot her ree ept e not er split or the esulted
bitstr eanpduasleni siae I\bdi'}éw rieed 1nJlﬂod<y r1t7 X, Fuottieerfiores thelpiattiti cabsgd cadx M $0r260

corresponds to 950 i.nce CU 95Q i pli.t,, it .f bit. | abel ed
e 960" naBan G dBpt( isali i ddod 128k db SRt seis compleed” I
furt her _sphy bt fibaguRd dasitidnyaldée sﬁfsﬁéd Sfia'i‘ﬁt%naélzé ERIN ¥@icAfastshewhour CUs

| abel ed as 952, 954, 956 and 958 is further split. The bits | abel ed as 962,
964 and 968blocks é’é’doniﬂh@ oo vp “ifghe (}H\dlzgss tliteesquz:as thel 3CU Siizelas CUs 952,

064 and oba Ry &R, WM bR, RO BR AR Rt SN S oo

cor r espongsovinBlo85 67425btieewist) 85 Baitisios @lzletNxN hseslﬁgferd%aan@l pR@ess is
split flag(k+12 bit 966 has a value of 1. Since CU 966 is not further split

at depth ewplptedt he bit following bit 966 has a value of 0 as shown |s Flg

9 The r r i

(RO ot ner 044 EfhrRlfitonl S MAFREEAROLBrARE SEHIRETL B, BRRA B S;

Model (HWhs desstiaed aBovki sy bﬂ?hﬁipm‘ntm’n&d hlhmrnﬁwhammg SOﬁvmaar eodkf occhent than
t he conventi onal HEVC {lor this [0040]. Fig. 10.illustrates an
exanpl e ca(fm@élﬁ%%?%o F%FW@%GS@ fine bagfme A ePICHENERY NN CihkS & one of
the CUs igi Gl a0y ifdea folderoh&m%#éssid?l @ﬂlpg&epr% Bnf HB&&QE‘[&:?PJ‘[&& mto 25

| abel ed as 1014 and 1016 respecti ndlca e this further split, the
corr espondidag Ginygesie shibwarci to Fpegfonmotlhypamsassgtg rdgscalbeél beciof 1A0 the

bi foll the bi 924 d t t he bi.t |1 26 t |
OBy Che. BrPagieg oL he 3ESeROSySioh ity b bicRi Pkl P RsbERALH L S Y
bl tstream‘l@m Bl o2 IIIOR@I S DR PRoBS:sHO! dstibdd Bercih. ﬂi@erefore

the new syntax deéesign requires 6 bits to represent the partition at 30
dept hs k mdntkommnﬁualw inivelve oh wemberoplalUnEIRVGS toelpuperéarnipddivt & .comipgter 11
illustrat rt e er 912 are
further s§‘|$°|‘3? A & %glteﬁlexg n‘ﬁv&%‘b%f g n%ﬁ%)ggggu 19%1 tpr?grg%%lsa%he %ag%l on the
new synt axrrandre@a). HE’VﬁJaSEe@bcé@&el caar Be shafgured tEl gorfoldy, pwieiiler tidiks new
syntax requires 6 bits while the conventional HEVC required 5 bits for
pafti ti ondeOrdBpihcRIERHOR-DY, CXaQUIEIRIRRCHING-HeRLADIS BT S cedoRFd IMPHEC new
syntax is r 0 EENGire [ 0041]
Fig. 12 |F@S@?§§%@I&gﬁg‘% R%@C%ﬁgeﬁgﬁﬁeﬁ H&U& ﬂl}?lﬂ;[%?igﬁ&{giog nﬁé accorr?jl ng to
t he presentdda orvmbwan dodes b BR dowdeped m dﬂffesem@s@ramnnh@tahgkagemw CuU

still can the faour depth-(k+ ER.CUs cannot use
SN xoN - PO SO PGS SORPE PRE P ey i SO GR CBRS r e ned PO
partiti Onpﬁ%ﬁﬁd'}f@wév‘ér tdiEer@ﬁte&%%tfohﬁélt@n&tyl@é‘ afl@'ianghg_ Jdfwaldlcddel s case,
a depth-k INTRA CU stil’l can use NxN PUs." However, e four depth-(k+1)

| KPRA CUsawhntiet nuses 2N ceafiguriigs cadentol peatfoamu‘élleytasl{sammomnceewdh tAdix2N | eaf

CU at depth k ur itions.are tested to 10 determ ne
whether  SgsRIghY i B B SfCRRp&TST R EeREE” 17 ai four

condi ti onf0ASE THdLih6Entied miy1®c NRidaadnt bthe0Bpdeicdiceals | i aféRI in

Fig. 14. O herwise, all four partition sizes, 2Nx2N, 2NxN, Nx2 and NX N,
are al | owEeM TReSHBUOT cespelitia] sharagicestics) | Fhek Sescribeds cxamplgs | @€ ohhn t he LCU
size), (b f.our.t f it rent CU,
(c) if th)éOﬂSE(}e%)érzp o L E8PEetiplyoad B %‘Spﬁgggmgtﬁ‘%' (d ¢ Qlopk g

t Boee Ieafnvaaﬁomavﬂaeﬁdﬁ@ie—1h1ﬂ[EERda1ydhePapIie8He:'cE@12NxQMheFiﬂgm blSthe Ifd)mgdsmgt es an

exenplary flowchart of determ ning constrained partition_for prediction
unit in | AEERPRIHeAHChyigss maugh cone within thgygeadpg apGiges PSRy @5t ed i n
bl ock 151 r e satisfies, the partition size
2NX2N i's gkﬁ%%g&Q&?quﬁnggék??@gﬁig%gggn%gNkN Nx 2N, hkhﬂ are tried in

bl ocks 1522, 1524 and 2 0 1526 respectively. Furthernore, the partition
size NxN for the parent CU at depth (k1) is also tries in block 1528 and
the process is conpleted. If any of the four test conditions is not
satisfied, partition sizes {2Nx2N, 2NxN, Nx2N} are tried as shown in bl ocks
1532, 1534 and 1536 respectively. Thetécondition of "if the CU size is the
same as the SCU size" is tested in block 1540. If the result is asserted,
the partition 25size NxN is also tried as shown in block 1542, otherw se,
the partltlon S|ze hkN |s sklpped and the process |s conpleted [0043] For

Y ~1 o, o o M



10[ 0044] Enbodi ment of adaptive offset restoration according to the present
i nvention as described above may be inplenented in various hardware,

sof t war e woader/o68817a conbi nati on of both. For exanple, @&oTEamodioTes of the
present invention can be a circuit integrated into a video conpression chip
or program codes integrated into video conpression software to performthe
processi ng descri bed herein. An %g i ment of the present invention may
al so be program codes to be execut E‘ Digital Signal Processor (DSP) to
performthe processing described herein. The invention nay al so involve a
nunber of funchimasod orheddegrbakiirg thy methoarpuipekinpr ocessor, a digital
signal processor, a mcroprocessor, or field Progrannable gate_array

(FPGA) . Thesécisivaea2oreNclap G (seding yuited depthdervhsrem phistd Bisf Afcgeasks 20
accordi ng i i . i chi ne-r.eadabl e software code or
firmmare g%>§$t 3§ﬂ%@?%%g§e?ﬁ%lgég%#%%ﬁgﬁﬁﬁggkgggtgﬁbodied by the

i nvent3 on. Tipertgphingahe 20adl leaf CUrinwar @t obHES (pragictien deivglaogedingno

different progranmming |a g a ifferent format o | e.. The software
code mmay A PEON BoRE e @Ffﬁil?@%@n‘vh%%@%ﬁ sebimglydss N Sbiien SIZ8i £ f er ent
code fOr”Eﬁ@ﬂwgﬁ&ﬁ&ﬁm%ﬁﬂk%ﬁ&ﬁ&%ﬁ%ﬁ)ﬂﬁﬂ@@%H¥@Héhﬂ¥Nm%@xn%@eaﬁﬂiOther means of

configuring code to performthe tasks in accordance with t he invention wll
not depart fronptihg thepNxNtpaditdnsceder bt prévectionvieedd 16 the IN@A6leaflfOl i nvent i on

may be enbodi i t her,. s (fic forms wthout d t.i fromits spirit
or” esent Faera S OrRRIREE T mhfer @t Forblutrhed s O s Sotpighcnsfie e e
in aldp reppaebs sioBidreadved.| ustrative and not restrictive. The scope of the
30 invention is, therefore, indicated by the appended clains rather than by
t he foregoing description. Al changes which come within the neaning and
range of equiva f cl ad . e it hi.n theidy scope.
e P R poCtefat PP b oo PR A Sl A

recei vi ngpatiddix gidk,| 22N pasti(icodize gnINk2N pattitidapide fk; thaiSTERMMd. s a first
integer greater than 0 and k is a second integer greater than or equal to
0; Spartitioning the 2Nx2N leaf CU into a set of PUs (prediction units)
according toaa LGt 0 f ot t
inclﬁg%s hkN3pg%%ﬁ9?gﬁﬂg?ég%gﬁé’%ﬁ%ﬂﬁﬁg%%%%fgﬁﬁﬁﬁggﬂfﬁgﬁﬁﬁggwégeT ER node
and an | Np&Atinodies f@arble INTRAenalei ng t he NxN partition size for the
prediction node if the 2Nx2N leaf CU is larger than SCU (small est CU)
wherein a constrained set of PUs is forned when the 1 Opartition size is
renoved. 4, 2TheThethRBT@daiaf 1 G dompeieh Rich e i§&f§pd}ﬁtit%~1§ flaygné her
conprises 2Nx2N partition size, 2NxN partition size and Nx2N partition size
for the I mmtwggherm.of Tibrd cpdingoditoat Ohexit deth ishvetheri splithe set of PUs
furthgf conpri ses 2Nx2N partition size for the | NTRA node. 4. The

met hod” of Claim1, further conprising a step of incorporating a flag to

i ndi cat e whetsh@he adthddf oMEMim CQHRE:in N hidcheadf the AEXcodBRt thifs St ity idxer split.
20 5. The method of Caim4, wherein if none of the next coding units

at the nederthéplurthpisspliypg Weicatod|tytthe dag. i fwgherdnpymatien fs|iagprperdtef e t her
informatigpy:i.s. i o 4.ndicate spli i Sl r each of the next
codi ng. uni il SFESAGEFRESalof GERORYSIRR ke MG SRR Caceing. the
met hod conpri si ng: receiving a 2Nx2N | eaf CU (coding unit) at depth Kk,
wherein Nis an integer greater than O; .
25 6. A method for video processing, the method comprising:
receiving a 2Nx2N leaf CU (coding unit) at depth k, wherein N is an integer
greater than 0;
for each NxN leaf CU of the 2Nx2N leaf CU:
evaluating condition 1 to determine if k>0;
30 evaluating condition 2 to determine if said each NxN leaf CU is a fourth
leaf CU of the 2Nx2N leaf CU;

evaluating condition 3 to determine if three prior leaf CUs have the depth k;

17



for each NxN | eaf CU of the 2Nx2N | eaf CU. evaluating condition 1 to
determ ne if k>0; 30evaluating condition 2 to determne if said each NxN
| eaf CU iwoaofanesgin | eaf CU of the 2Nx2N | eaf CU; eval uaCirmaN2eord4o8on 3 to

determne if three prior |eaf CUs have the depth k; and eval uati ng
condition 4 to determne if said three prior |eaf CUs have a node of sane
type and Aitbe NxN partition size; renmovi ng 2Nx2N partition size to

forma_const r ai nedpRR bl @biP#lo b RSQAGhIL PRol ik PE-0UB & higgondi L on

4 are all assert partitioning sai according to
t he const pBsanedypaatd haveMNxSepartifion biee;condi tion 1 through the condition 4
are all asserted..?7. 2§h§ met had of. C aifm 6, wherei.n the node ty. ehi s | NTER
10 8. TheHOVHSd 2DFZRY BIHIEn Shfferl®i AT He SRBYERSI Baftliop Nipgal the ™ o p
met hods T OFoRBEAH] NGo@h Be VbfiBRD) Leteam-aasas ated with video data,
wherein the video data conprises a 2Nx2N | eaf CU (coding unit) at depth k

15 partiti ongdrtitionmgasagbeachfNPUdeal srlédretriling totha ginsaaived gantigon sctal

predi ctiop node. .of .the 2Nx2N | eaf erein the set includes NxN

ot 41 on e adifh g i op e T R "an T NTER node. and an | NTRA
node, the nmethod conprising: performng a test to determne if the 2Nx2N
leaf CU is larger than SCU (snmallest CU); 2 Osel ecting codewords for the
set of PUs a&e%h%lnw@}loﬁ@fﬂ%@nl@é’fheﬁaﬁ&lemOdQﬂ‘é‘E%tﬁIﬁgEﬁqe video bitstreamto
recov PU partition according to the codewords sel ected. 10. The

met hod” of Caim9, further conprising: 25extracting a flag fromthe video
bi tstream whseTae method dofICAgini hdvicatie shavheddwpe BMNTRA.next coding units at a
next depth is further split; and recovering structure of the next coding
units at the next depth according to the flag. 3011. The method of Caim

10, wherein iof NQR&KET M BoddRidy 6PAI Plded! MifkBeddl asliRiAGK vifiePlBo | dad, Ur t her
split as indicated by the flag, no further iInformation is incorporated in
wherein the video data comprises a 2Nx2N leaf CU (coding unit) at depth k
15  partitioned into a set of PUs (prediction units) according to a prediction mode of the
2Nx2N leaf CU, wherein the set includes NxN partition size and the prediction mode
includes an INTER mode and an INTRA mode, the method comprising:
performing a test to determine if the 2Nx2N leaf CU is larger than SCU (smallest
CU);
20 selecting codewords for the set of PUs according to the test; and

decoding the video bitstream to recover PU partition according to the codewords

selected.

10. The method of Claim 9, further comprising:
25 extracting a flag from the video bitstream, wherein the flag indicates whether any
of next coding units at a next depth is further split; and
recovering structure of the next coding units at the next depth according to the

flag.

30 11. The method of Claim 10, wherein if none of the next coding units at the next
depth is further split as indicated by the flag, no further information is incorporated in

the bitstream for recovering structure of the next coding units at the next depth.

12. An apparatus for video coding, the apparatus comprising;:

18



the bitstreamfor recovering structure of the next coding units at the next
depth. 12. An apparatus for video coding, the apparatus conprising:

means forwoeoeiossslg a 2Nx2N | eaf CU (coding unit) at depCh/dN20wmiee48n N i s
a first integer greater than O and k is a second integer greater than or
equal to O; means f.or part|t| ning the 2Nx2N leaf CU into a set of PUs
(prediction @%ﬁapg)forar@ewagﬁgm@% éﬁJé@qd@%g W bet sertine gk Y éat cu,

wherei n t i $6Led BRlaHG % y%lrc]ﬁl ﬂ@l\% &&&ggg@eﬁgﬁeaﬁ&%&h& é%{uﬁlddo%“ on node

i ncl udes an | R”nbde an nmeans for renoving the
NxN partiti omeng éorf pnrtmdsmn@rtleadZNkINﬂeafc@é into 4 be cﬁ“l\]BUsl\l(IjrechétuﬂJmms)l ar ger

than SCU (smal.l est wher ej n C set of Us I.S r when t he
partiti on?Souding L ¢ Brrgietign m of the %g E}Fﬁeear}ggﬁa‘?’l&%r%t Sf‘éllgﬁl}‘ﬁ?efﬁ erein
the se{ ofakilsn bive hﬁ@fhe%&ﬂ?&ti&%o%@l‘ﬂd&%ﬂPNT]Q(‘nﬁ)'déﬁnd alll\mdrmrﬁlbdé on size
and Nx2N partition size for the I NTER node. . The apparat us of

C aim 12, axtherein the set of PUs further conprises 2Nx2N 15 partition size

Tomns for 1 RS for remeving P A AR Pl Budli Bl pad T EEEATR ! o) 19

PU to indigate Mﬁgaaha@saUq%madeamrwhéﬂemm estrizbed §etfoﬁPU|§Q§ fosmkedt . 20
16. An apparatus for video processing, the apparatus conprising: nmeans
for recei Whaythe PRRIDIN 91494 rapvedodi ng unit) at depth k, wherein Nis an
integgy greater than 0; for each NxN | eaf CU of the 2Nx2N I eaf CU: 25nmeans
for evaluating condition 1 to determne if k>O0; means for

eval uati ng cdadihé¢ @pipa?atﬁs)ofc@ta'ﬁn M2 nehérbinsthe deteﬂd’msl‘ﬁafﬂhémfnp@slesi NN ourth

| eaf CU of the 2Nx2N | eaf means :ﬁluatlngcndltlonSto
det er mi neP#FLUPHFigE ’iN)ParFlE%l? S@J%n%%%NtPﬁ@t’d’éﬁtzl’? R” SHy T56H for
evaluating condition 4 to determne if said three prior |eaf CUs have a
node of sanme type and have NxN partition size; means for renoving 2Nx2N
parti tion siZd. The apparaendi €iaon 12, whereinghe sé¢teof Pdisduttharcomparses 2Nk2Msser t ed;

and t|t| eaf CU according to a constrained partition
set tth%AbO’églf‘i?‘ﬁg%%W‘%%%on/ 072408 condition 1 through the
condl t| on 4 are all asserted. 17. The apparatus of Caim 16, wherein the

nmode type is INTER 518. The apparatus of C aim 16, wherein the node type
is | NTRA. 15. The apparatus of Claim 12, further comprising means for incorporating a flag

when the set of PUs contains more than one PU to indicate whether any of said more
than one PU is further split.
20
16. An apparatus for video processing, the apparatus comprising:
means for receiving a 2Nx2N leaf CU (coding unit) at depth k, wherein N is an
integer greater than 0;
for each NxN leaf CU of the 2Nx2N leaf CU:
25 means for evaluating condition 1 to determine if k>0;
means for evaluating condition 2 to determine if said each NxN leaf CU is
a fourth leaf CU of the 2Nx2N leaf CU;
means for evaluating condition 3 to determine if three prior leaf CUs have
the depth k; and
30 means for evaluating condition 4 to determine if said three prior leaf CUs
have a mode of same type and have NxN partition size;
means for removing 2Nx2N partition size if the condition 1 through the
condition 4 are all asserted; and

partitioning said each NxN leaf CU according to a constrained partition set if the
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19. A apparatus for decoding of a video bitstream associated with video
data, wherein the video data conprises a 2Nx2N | eaf CU (coding unit) at
depth k paototZessad i nto a set of PUs (prediction unitspCagoandiaigioso a
predi cti on node of the 102Nx2N | eaf CU, wherein the set includes NxN

partition size and t redi ¢ction no i ncl udes an | NTER node and an | NTRA
mode, t heCHpH %Wh%ﬁ%mégﬁg?F%ﬂqﬁ$n meaﬂéﬁﬁ§w flor perfornming a test to
determne if the 2Nx2N |l eaf CU is larger than SCU (smallest CU); neans for
sel ecting codewords for the set of PUs according to the test; and 15neans
f or decodi ng l7h&heiagpaoatos v Cragarhot wheresaie moRb)typeris INTBR. accordi ng to the

codewor ds sel ect ed. 20. The apparatus of Claim 19, further conprising:
nmeans for extracting a flag fromthe video bitstream, wherein the flag

i ndi caf es ZO‘MSeTﬁ@ﬁpp%’beusoéfGlﬁfﬁ{ 16,36 pdn ﬁl§d@tty¥)@1sr1WRzert h is further

split; and means for recovering structure of the next coding units at
the next depth according to the flag.

19. A apparatus for decoding of a video bitstream associated with video data,
wherein the video data comprises a 2Nx2N leaf CU (coding unit) at depth k
partitioned into a set of PUs (prediction units) according to a prediction mode of the
10  2Nx2N leaf CU, wherein the set includes NxN partition size and the prediction mode
includes an INTER mode and an INTRA mode, the apparatus comprising:
means for performing a test to determine if the 2Nx2N leaf CU is larger than
SCU (smallest CU);
means for selecting codewords for the set of PUs according to the test; and
15 means for decoding the video bitstream to recover PU partition according to the

codewords selected.

20. The apparatus of Claim 19, further comprising:

means for extracting a flag from the video bitstream , wherein the flag indicates
20  whether any of next coding units at a next depth is further split; and

means for recovering structure of the next coding units at the next depth

according to the flag.

20



