APPARATUS AND METHOD OF CONSTRAI NED PARTI TI ON SI ZE FOR HI GH EFFI Cl ENCY
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100091 Fig. 4 illustrates an exanple of constrained partition set for a
2. N. x2N |l eaf coding unit to avoid redundgncy for |NTER prediction.

100101 Fig, 5 illustrates an exanple of constrained partition el Itir a
2Nx2N | eaf 10coding unit to avoid redundancy for |INTRA prediction. 100111
Fig. 6ill ' YN b or mat i on
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prediction unit, at depth k and ic+i in the I node. 100231 Fig. 17
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criterion uysual Lhy.is .evaluated for .various Pt ition.
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a decoder. [0025] e high efticiency video coding EW system under
devel oprmefty at¢doeding to the constrained partition set if the condition 1 through the condition

4 are all asserted.
[000S] 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 is 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.



ti xed-size macrobtock of 11.264/AVC is replaced by a -flexible block, naned
coding unit (CU). Fig. | illustrates an exenplary coding unit partition
based on a quadtree. At depth O, the initial coding unit CUO 112

consi sting of 64x64 pixel, is the largest CU (WJ). The initial coding unit
CUD, 112 is subject to quadtrce split as shown in block 110. A split flag O
i ndi cates that the unB H;ESQI&”EI)O&QFDWINGSM ot her hand a

split flag 1 indicates the underlying CUis split into four smaller coding
units 25 Ghlhoe) 1221 ilYsiR AYRLh B&F‘% 066 il b dsed b ﬁ%d(%dﬁgth‘é‘.its are
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coding unit CUO .112 are referred to as CUE 122. After a coding unit is
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quadit ree gphod] P! §SAuitREesCANLRINMBIJF £E@RRARSy BrdM@n IBEpiddi@bnSurRl hest CU
30(SCU) size. Consequently, at depth 1, the coding unit CUE 122 is subject
t 0o quadt r elepths fland ka4 shown in bl ock 12th Again, a split nag O indicates

t he under |yi b Syhot . split an n _the.other .hand a.spli

i oat oo WA TRet YRR bl o e B PP &R Abal Bal 0122,
132 by tthdiﬁ?dﬁlftQ@avdmee(ﬁlﬁdé fonINTER 82dictidd, has a. size of 16x16 and
t he process of the quadtree splitti % as shown in block BO can continue

until a priBOKNJERS p aHusireids| &k exaserle vy constrained patbmeget fara eNxAYI af i f t he

S | est i it d coding unit CL.13, 142 at
dgl?;th 3 w%??{nﬁglpﬂgaéa‘édd fec@a%%y#ﬁﬁmlgégﬁﬂg{lﬁgé shown in block 140. The

col | ecti orf0®If1] Fugdt illestrgiey 4d dxaaipde of syatgsi debigheao tonvegrinfovanti@btetatsd e codi ng
units constitutes a ‘qar,titi,on map for the encoder to process the input
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decoder s > i f L .«of 00261
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al so i nt r dAUIREIR A pattEdh s2asat depthsdpindtit-lng of CU hierarchical tree is done,
e | eaf I s.supj.ect 1o furthe Lit into predictjon jts..(.Pus

Seor di ng 0H13r e il s YiranleutBitskea eolRbH Tuef oralt iRutipte on, «ne
PU types cepsk tan®@f+HKI P, MERGE, DI RECT and | NTER nodes. Far spati al

predi ction nodes, the Pl.1 type consists of |NTRA node. For each 2Nx2N | eaf
CU, one pdf@i4ibis. 8AZHustetesenepaale Yhbitsticha gopecdavedleyr(i® etiPUtpastitivvbde) i s

SKI P, ME h n all owed PartSize ("Partition Size) is
{ 2Nx2N} . Rﬁéﬁ%}@éﬁ%&%g&}éﬁgﬁl‘ As%r NTER, the allowed PartSize is selected from
the set {20&BN, FiZ\NoR iINsBMNes Nxablhepexshplnof Bitdticgm 2ssolidtehsmtdxhef PledMde

is INTRA, the al]lowed PartSize is selected fromthe set (2Nx2N, NxN). The
EWY Wesi gn Priitiordreay dertht & faepyad drpthel @onent results in sone redundancy. For

TR A T el P R S

PI T of thdroguUdepthdk themtgh-depthi £3. Mode- | NTER, Part Si ze=2Nx2N' as shown in

Fig. 3. T 10 at _depth k will be. processed agajn at d h (kWas the
i %300, TROVIED B! funEERist e e amaler b BT TR AR T NI HOp AL R EAT: i 26
NXN. On.  tehgn Q48 £ (hadithh debgh A4, 320 is selected at the INTER node with
partition size 2NIx2Nl,” where 2N :=N. Consequently, the sane block wll be
pr2écessed [0048¢ eFigt 12 albustratek aanekadeybe hf Cemstrpined partitegufed pnedictivinl initause
unnecessar [OCessi n te yval uabl e system 30resources. [0027] In
order to éig]iﬁﬁfﬁg?‘iﬁjfﬂgltﬁﬁgviﬁﬁéaﬁ%dancy, the allowabl e partition sizes are
const r ai n¢e013¢ clipdi NPlub@ateNsn Haasle BEIns@hintd fadbitios edtfor préeidtibR tnidat Shown

in Fig. 4. Consequently, for each |eaf CU larger than SCU (smallest CU),
the parti GFRhs §pe@&thin BadN TRACMORE 2N, 2NxN and Nx2N. I n ot her words, the

NXN parti tg IS, NOL - [ :f .t 4.5 | t han
SCU. If t be@q]aa]’fé‘ig'cﬁBr 31?“2l Lé?él’égsd? ﬁe&ggﬁ‘ﬁgg q%gﬁagi(’% ectaﬁ%h%%ia%}inlt“?% nS%{s ?glcras,
21902N, 2Npi¢didboANnitan depthisNg aad et lainl thavBITEMIesdea CU size is the sane as SCU
size, the is.naot subject to further split_and the inclusion of  NXN
partition s B lﬁb%trlaeeg@geexwa[mﬂﬁﬁwﬁar’fra%?%emmmn&fg{lmm RAFHIAY st em
per f or mangg (6P _afctiéﬂnm@g@mﬁmnfoq@\a?aéaﬂtgmbnmc PU partition for 10
Random Access H gh Efficiency configuration. The system performance in
terms of BD-rates for YWV conponents, encoding time and decoding tine, The
RD (Biontegaard-delta)-Rate is a standardi zed net hod for neasuring
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 conpression. A
negative 131)-rate nmeans bitrate 1 5 reduction and a positive BD-rate neans
bitrate increase. The conparisons are perforned based on different video
test materials, referred to as Class A, Cass B. CQass C, Cass D and d ass
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[0022] Fig. 16 illustrates an example of alternative constrained partition set for
prediction unit at depth & 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=k,
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 CUQ, 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 CU1, 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 CU1,
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



88% Dec. Tine 99% Table | | Table 2 illustrated the performance conparison
agai nst a conventional 1 PU partition for; Low Delay H gh Efficiency
configuration. Again, the BD- rate performance is slightly higher or
approximately the same as the conventional PU partition, However, the
encoding tinme is only 86% of the conventjional PU partitjon while decoding

time is ogplibes theavciariientt | Phabepy parlitiftagdhindrates defuwnerlying QU ig@nst r ai ned
Upart i o0, Seear g, L9, Lhe Lesent pustlion, dempnstiales; Lhe advantage
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C of 16x16 and the process of the quadtree splitting as shown in block 130 can continue

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 £ will be processed again at depth (£+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 0.20.2Cass D0.1-0.10.4Cass li 0.00.20.5Ai 0.1 0.3 Enc.
Time 86% Dec. Tine 98% Table 2 [00291 Sigrilarly, the PU design in the
current HEVC devel opnent also results in

[0027] In order to eliminate the above redundancy, the allowable partition sizes are
constrained according to one embodiment of the present invention as shown in Fig. 4.
Consequently, for each leaf CU larger than SCU (smallest CU), the partition sizes

allowed are 2Nx2N, 2NxN and Nx2N. In other words, the NxN partition is not

5 allowed for INTER mode if the leaf CU is larger than SCU. If the leaf CU size is the
same as SCU size, all partition sizes, 2Nx2N, 2NxN, Nx2N, and NxN, are allowed.

When a CU size is the same as SCU size, the CU is not subject to further split and the

inclusion of NxN partition size will not cause redundancy. Table 1 illustrated the

system performance comparison against conventional HEVC PU partition for

10 Random Access High Efficiency configuration. The system performance in terms of
BD-rates for YUV components, encoding time and decoding 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 1s 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-



sone redundancy for the I NTRA node. For exanple, redundancy nmay exi st
between the configuration of "the PU of the CU with depth-k, Mode-| NTRA,
Part Si ze- 2Nx2N' and the configuration of "the PU of the CU with depth=k+1,
Mod. e- | NTRA, PartSize-NxN', hi order to elimnate the above redundancy, the
all owabl e partition. sizes are constrained according to an enbodi nent of

t he preserféteingviormanss inslightlymehen oFppprosmatdy Segaastasyhe eenrveatienal PRAf CU

| th SCU, th nl artjtiqn size is 2Nx2N. ot her words,
the NN DR P ey e RRARE e I KTkt ash 6 e Copentisah PBUMFISomY ger
than SQ 1. J.f the leaf CU sj S, the sa al size,~all partitjon
si zes, Q2%\Ix ea%%f"ﬁﬁ?ﬁ?“%f ?g%gpfi%agnﬁgﬁﬁ?%aﬁ)qslppﬁgftopat Sanﬁeﬁﬁe‘ﬁé’r fth mance

i j: nSit i : it r 1 i cienc
ot gur ot eR Fy SRR WERALECW (L BRI OB deRBpd Al ’

conyent i on@karthbdd@f felitidedMoncbing igke aridecod@@ i whilbBndistaPihgy abRforgf the
conventional PU partition while decoding tine is 98% of the conventional Hi

partiti on.saorBidgute pedfyrmanbeascthasdmantiedhl PU patitiort.i on according to the

present invention denonstrates substanti@al—reductijoninencoding tine and
nodest reduction |i FOUEEEY ng t|i ¥Bhi | e t HBBD- ratleVg&Pf ormance is slightly
degraded (worst qaldighdffioiencyal || Rated%i gh Ratei(d)encyRated®d) Rate (,4) U BD-
Rate (% V BD- Rat eCl(ats@Bu ass A O. 50‘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
10 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
15 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
20 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
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partition. Consequently, the constrained PU partition according to the present
invention demonstrates substantial reduction in encoding time and modest reduction

in decoding time while the BD-rate performance is 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%




All 00.30.4nc. Tine 72% 98% Dec. Tine 5Table 3 [00301 In the above
constrai ned partition sizes, the NXN size is all owed when the CU size is
the sane as the SCU size. Nevertheless, the NxXN partition size nay al so be
renoved when the CU size is the sane as the SCU size. For exanple, only the
constrained partition sizes, 2Nx2N, 2MiNg4 and Nx2N, may be used for the

I NTER 10 node When the CU size is the sane_as the SCU size. Further
reducti on [pwldrf’tfo“é@%’MTQT@'Plﬁﬁ tarenprdivg peedemrthypgdyesdio Ba¥frem 485 ilRandom

Access Hi glh a@E Il_pl Eﬁ]eé}/t}‘l? i 19 tyl %eclzo%?ngatrmele ?shMerl r?:dl-lrcaeg to 94% tFr\)ngb% o1 Access Y

BD- U BD
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 §

[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 is 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 IS 0.7 0.8
Class C 3.9 1.9 1.8
Class D 5.0 2.6 2.6
Class E 2.3 1.6 1.8




Rate (%9 Rate (% Rate (% Cass A0.3 0.4 0.6 Class B0.30.7 dass CO0.4
0.3 0.4Cass D0.40.20.6 Al 0.00.0

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 element 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 is 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 element 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



0.0 Enc. Time 81% Dec. Tine 97% Table 4 [00311 As shown in Tableding tine
is further reduced to 81%from88%in Tabje I. On the other hand, the
decoding time is further reduced to 97% from 99% in Table 1. The BD-rate
perfoonance is slightly degraded conpared with that in Table 1. The test
results for Low Delay H gh Efficiency configuratigon are shown in Table 5,
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01, 001 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 011
2NxnU 0100
2NxnD 0101

Nx2N 0011
nLx2N 00100
nRx2N 00101

NxN 0001

Table 7

INTER Slice (Picture) INTER Prediction

2Nx2N 1

2NxN 011
2NxnU 0100
2NxnD 0101

Nx2N 0011
nLx2N 00100
nRx2N 00101

10 Table 8

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



Class C0/ 0.3 1., Cass D0.1 0.3 dass E 0.6 Al 1.4 0.1 Enc. Tine
81% Dec. Tine 100% 17

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 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 is 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 is 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
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the CUsize is :1.0the sane as the SCU size for the INTRA node. In this
case, only 2Nx2N partition size is allowed when the CU size is the sane as
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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



2N kN O 1 1 2NrnLl 01 00 2.V.vnD0O 1 0 Nx2N 00 1 1 alix2AT nRx2N 0 0 1
0 0000 1 NxNOO0O1 Table 7 14

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 8 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(4+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 4+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 £ and £+1. As shown in the examples



le 8 picture) and I NTRA prediction according to the conventional HEVC as
of Novenber 2010, where both 2Nx2N and 'MN partition sizes are allowed. The
codewords for the ease of INTER slice (or picture) and I NTRA prediction for
constrained PU partition according to the present invention are shown in
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Since CUs 914 and 916 are not further split at depth (k+2), both the
30 Otherwise, both partition sizes, 2Nx2N and NxN, are allowed. The four conditions
are (a) if £>0 (i.e., smaller than the LCU size), (b) if the current CU is the last (fourth)
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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t he resul @adlesiribed pbays mey dredintementedhén periqus hpedvangp sRitwarpigpdese e n 9

bits. Ther . Y .S W . i.onal
FEVE for CRreraygh af bOR IR P hple®q B p@lrieh EhERE ph1B UG RRMAN LTS g

t o furtherirspil iititegratedxi@amphevideo EvgpreSdion whigr er prografi doles Glisgrated Ghtd®14 and
one of the.(This in CU 916 are furt%s lit, 25 | abel ed ai]a1014 and 1016
respect i vel4FO TOMPREHeAr OIS 1P uPTHERM P IRFOCHHBE cRFRONETSy biYs are
shown i n Bh@odihbnPyr R rQ%&\f'Hlv@nt‘i’(ﬁJ M8y Aso bk BréfEmbtiokied @ hoMidageeliig Lit 924
and to the bit follomng bit 926 respectively. Only the bitstream at depths
k and k+| Digialshignal Procssgr (DOP ) petfernbithes prasassifmodesteiped hezedn.anbhdeyond
are shown.as dots in Fig. 10. Therefore, the new s ax sign requires 6
b1 15 to rapvab@himanesndey 8 OEbeuEh e RS AN Ok PRI 0Y HeceBREht | onal

|  EVC 1 equkdR8sof, bmlgst-al Eigblal grbcdssbi ol m@r@frodesbdt! bhekeld®ey n@maM/@%?ﬁ: all CQUS
912, 914, 916 and 918 are further split at the next two depths. e

resul ted Bregt(F8&e. bddest orrcestersnesm dgneantigared tchecHPVC PResqulavbiieks ar e
shown in Ei 1 I, where the new syntax . i i L h
crc?g)venti or?%&ﬂg‘%’(t? Fhéo'qlﬁ?/?nél n5b36|g)fe§ ﬁﬁ{n %68}%1ﬁ i ? %a&%ﬁgg Oﬁg%%hc}sé\% Oggltgm &%hown in
the exanplcede ttabd¥fnest the paawusdy th@kodsSeBsde® by ithd dvientioh. MI$E so@saf t han

t he conventional. HEVC. [00411 Fia. 12 illustrates another constrai ned PU
partiti on ce%afpliEmyarosicngaycbe feveined dndifforginpogimring lnngresrodsl | n

this caseg; - Iggjﬁﬁ ' &N ur
dept h- ( k+%@ﬁr%$2é{9%%s&c nhoﬁéu%?&fkf g%ﬁ Iﬁéﬁgl%s( P%ngﬁglrlleouspg? erf‘-’]&tg%gti‘g

i Il ustr at eftionat Hdoweansdiffarane do®RUfq@arts, siytes adclongliages vDsdfhearproedent
invention for INTRA node, |l.n this case, a dept h- k. | NTRA still, can use
NN PUs. BB JOEHRE o gRERA Ceke 14HPe O FhAGTOTIREE BN Pus
si mul t anegughyon J0PAR1IERH fRACIhe DRI 6@foe GERLinAGRLA. K, the fol | owi ng
four conditions are tested to determ ne whether 2Nx2N partition size is

al | oned f (RO4SNTER wwewtion fmag|be ¢robediedbndioticospecifie fomny sfthedt, defaeimeNx 2N
partitiong s djsal.l.oned as sho i n_Fi.g. herw,s Ll four partition
B 7es, NN SRR N2 R RN R RS | ot e oG Bl e e ()
i f k-T, >0chhsidered sialllredpetBRainly e iWNdtGtize hnd b)) rdsfrictine. Cltier £ope GUthes t he
last (fourth) leaf CU of its parent CU, (c) if the prior three |leaf CUs
hafe 15 dépicRtpn niherefpre, mdigaiedory Bie appensied (ckams catieragn bxbifetoregrEr and

Part Si ze= N Fi il : -l I m ni ng
constr ai né?%@lp?llﬁt ggn %éésdkig%}f ﬁﬁ%%ﬁf@ﬁg;ﬁ%aﬁ%éﬁﬁﬁ%hﬁt&gggﬁgﬁf and ME
The four dendiitisanstodiescrleateadyitiiinbhacicopd10, if the four test conditions
are satisfies, the partition size 2Nx2N is skipped, i.e., partition sizes
{2NxN, Nx2N, NxM are tried in blocks 1522, 1524 and 1526 respectively.
Furthernore, the partition size NxXN 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. The condition of "if
the CU size is the same as the SCU size" is -tested in block 1540. If the
result is asserted, the partition size N\xNis also tried as shown in bl ock
1542, otherwi se, the partition size NxN is skipped and the process is

A o o~ A P~ p—



[ 0045] The invention may be enbodied in other specific fornms w thout
departing fromits spirit or essential characteristics. 'the described
exanples are to be considered in all respects only as illustrative arid not
restrictive. The scope of the invention is, therefore, indicated by the
appended cl ai ns rather than by the foregoing description. Al changes which
conic within the neaning and rangecqfAgNgs val ency of the clains are to be
enbraced within their scope. CLAI NS 1. A nethod for video processing,
t he nmethod conpri si ng: _receiving a 2Nx2N | eaf CU (coding unit) at depth
k, wherein N l-sAalthq%§@rYﬁ@‘eg@%@n’@a&h@ﬂn@mm}&ﬁw& is a second integer
greater than gr . | 4 ; rEit] oni into a set
of Phis (pr ed%ccz?liglg%aauznlﬁ)?zs]? 1e§£g(yr Qﬁ%ﬁ%gtdgg{zagg?ﬁgt %{g%r?%ir\rrlo g@éfl? e Bk 2N | eaf
CU, wher eigiedtérahg&ed andk isudesoldkiNtdpar grehteOthas bz equabhth 0;he predi ction node

i ncludes an I NTER node and. an | NTRA node; and .renoving the NxN
partitpron si zearfiening the NN tepbh Uniea set of i smpesiigtiog amitel ageerding fer  t han
SCU (smal | L j i foatNL ST -whe he
art 111 on ‘Sreatiin pUEOELR RERNEEF el RHeRR] ol scllhllupes IRATREIBER 1D st
of PI M f uranfielie prediptios med@ fichidédd x? INEER intaderang ian ENTRMxNoggrahdt i on si ze and

Nx2N partition size e LLNTER npde. 153. .The t hod,. or ai . Wherein
the set of p@%f%ﬁ@%@ﬂ%l@%ﬂ%&ﬁﬁ wRghter ey g_:tﬁ? %ﬁx?\}‘?@e & 4.
The met hodaobr fhais®U ¢snfatkdian), GRS 8icBEstaiidaRt 6f PUROLBAEALINRE 1k f | ag to
i ndi cate whether any of next coding units at a next depth is further split.

2 0 10 5. paftifensetelipttnadved ai m 4, wherein if none of the next coding units
at the next depth is fUrther split as indicated by the flan, no further
information is incorporated to indicate split decision for each of the next

codi ng units At Theen&@¥d od&Riith 15whéreletHrogt LOPUL fleBePEERSEE MIx2Nhe

met hod conpri si ng: receiving a 2Nx2N | eaf CU (coding unit) at depth Kk,
wher ei n N Pagitipn size; 2NeN pgrtdionesizetand NN pastitiemsipe feerhg %‘EEEWO@? the 21' 4x2N
| eaf CU. evaluating condition Ito determne if k>0; 3 Oevaluating condition
2 to determine if said each NxN leaf CUis a fourth |eaf CU of the 2Nx2N

| eaf CO; evalhaThagetdddeft Chim 3], twhateihethaisee of PlUBefupthérocorhgddes Q¥2MNave t he

depth k; and. .
P partglon size for the INTRA mode.

4. The method of Claim 1, further comprising a step of incorporating a flag to
indicate whether any of next coding units at a next depth is further split.
20
5. The method of Claim 4, 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 to

indicate split decision for each of the next coding units at the next depth.

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;



eval uating condition 4 to determne if said three prior |eaf CUs have a
mode of same type and have NxN partition;size; ringpartition size to forma
constrained partition set if the condition 1 through the condition 4 are
all asserted; and partitioning said each NxN | eaf CU according to the
constraingg partition set if the condition 1 through the condition 4 are

al | asserteg 7. The nethod of C aimwherein the node type is ENTER

8. The method of ewlaitimg@onditiern éite détbenin® tesatdy/pecei giok MBREUs have aGnodeA net hod
for decodi ng of a video .bhitstrearn associated with video data, wherein the
vi deo dat & é@ﬁ%Fﬁ%é&dha‘ﬂ&&NW@‘éﬁon@@e( coding unit) at depth k partitioned

Lo 2 set of MR kerAdhN iRl L) BCRRNIANGGuRePRAteS Q) togR. Of the

2Nx2N | eaf CU set |nc N partition size an
predi cbi orondiden |1mh:bugleﬂlea:nndlhﬂ'1l£ﬂ2armaibasaercbdaand NTRA node, the nethod

conprising: perfornmng.a tes o d rmn if t e2Nx2NIeaf CU is. |arger
than SCU (snelfardiqnt aﬁ%‘ﬁb &nl@afgéﬁ E‘gftBr ?ﬁ%nséré‘{negfpaﬁﬂ§’na§%6$ ding to
the test; ROghnditiondemAigAIhd %dﬁio%%@'afl%é’eﬁ@@n to recover P11l partition
according to the codewords sel ected . The nethod of Caim?9,

further conprising: extracting a flag fromthe video bitstream wherein the

hag indicates et t a ne pth is further split;
and recover i ngw@f’r"i‘]egféﬂf@%lﬁn?ﬁ H%th Sty&)ﬁll? g\hﬁﬁt he next depth
accordpng to the fl ag. 11. The method of Caim 10, wherein if none of
t he next codi na_rhgnlts at the next depth is further split as indicated by
the flag, no §Uhetesthodeidilam povhereinithe mogefedtilN FRehe bitstream for
recovering structure of the next coding units at the next depth. 12. An
apparatus for video coding, the apparatus conprising: means | er

recei ving a 2NxZNnkgafl iGi:Jde@@ﬂhglg)fta/\/ivideoalbltsniemhhadSocimh&r\&iﬂm vilddos daxaf i r st

i nteger greater than 0 and is.a second integer greater than or equal to
0; medHET§B rthe ardsq gk ﬁ%mP%@SZNgNQlI\EQF afcgy gf%h%g 48tt) Gt ‘%Béh *

(predigti %Brtﬂf&h&é }mﬁag,ef &f pOs E)&e@ic{?&'?%?é) aesbﬁ@ggﬂ of preded e o%gi U,

wherein the set 1nc titron srze an e prediction no
i ncl udes ANNXNTER @Hdwhanem thn stiNTisldderoNelN partition sizawgsinse prqulictioemoedang t he

than” scu (et e8iNeER g BTSN skRG Hemelul STBME o fornmed when t he
partition siz@fobmiP¥&do 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:



13. The apparatus of Caim 12, wherein the set of PCs further conprises
2Nx2N partition size, 2N xN partition size and Nx2N partition size for the
| NTER node. 14, The apparatus of Caim 129 wherein the set of RN
farther conprises 2Nx2N 15 partition size for the | NTRA node. 15. The
appar at us of r flag
when t he set I((I)‘(\lf:édlgrtjrgrl(1?:@(5:?11'[ algﬁ}%?ﬁ%{?@”ﬁ? tia%Uo %ﬂﬁ’%%tﬁ gf ?t:]dd ?ﬁ? e%%%g\?lsgany of
sai d nor e firbtantegerezr&tter than 6 and héra spbid intégeOgrtbter manapprarafhtmﬁ for video

processi ng, the apparatus co ans for i Vi n a 2Nx2N | eaf
CU (codi ng unffjusder g lﬁnwg%&ﬁé?-ﬁ lﬂafg wiq ﬁtsﬁtg%ﬁfﬁ?z IPHa‘Pi‘“G for
each NxN Ia%@ardﬁ;g 18 ;;raﬁct?d}%%bhé §84he OrlxoREREROS, (MEreY Ak Udt inegldeyml on Ito

determne |f means for evaluating condition 2 to determine if
sai d each namtlldnesaZfe agd thespradicton triedé wfudetanNThB n2dde2iNd |ag INTBU mode;
means for egal uating condition 3 to determine if three prior |eaf ells have

t he depth , and 3 Oneans for evaluating condition 4 to determne if said
three prior Iﬁ@éns%ismhﬂ)wﬁlg&hem rtifebige fdr¥REprRAdtiBAMRIBYT INePARDIN | ONn
Si ze; nmeans for renovin N artltlon size if the condition 1

t hr ough t Heaf&3héh laiesnthan HC&J allast ) edhereim a coptrained gl ofd Gaisdomaeh NxN
| eaf CU agGor qh@‘g‘}rhgox?%%gﬁ ﬁ,&f—:d partition set if the 20 condition |

t hrough t he “¢ond asserted. 17, The apparatus of C aim 16
whereino the node type is INTL ER. 18, The apparatus of Caim 16 wherein the
nmode type is | NIRA p&ar atus for decoding of a videg bitstream

associ at ed with T@FGBB”@@? ﬁfcxllﬁﬁ F‘thFWé“ medébo%%@%ﬁﬁ@ﬁbﬁ?@%seé DN | eaf
CU (codi ng Hioh)siAt i I'RH? iction

uni ts) acg) iloﬁgmt%ozlgﬁg%gﬁﬁopﬁyﬁ% l!)dt?ﬁ @Sdgéafoi | ea %ﬁ[ g\her ein the
set includes NxN partition size and the predi cti on node

14. The apparatus of Claim 12, wherein the set of PUs further comprises 2Nx2N
15  partition size for the INTRA mode.

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



i ncl udes an | NTER node and an | NTRA node, the apparatus conprising:

nmeans for performng a test to determne,if the 2Nx2N |l eaf CU is |arger
than SCU (smallest CU); neans for selecting codewords for the set of PUs
according to the test; and 15means for decoding the video bitstreamto

recover PU, ?ﬁéﬁﬁﬁ'ﬁ%ﬁgﬁﬂﬁﬁﬁﬁﬂﬁoma}é"fil 5398%’&“ ds sel ect ed. 20. The

apparatus o er conprising nmeans for extracting a
flag fromthe video bitstream, wherein the flag i ndi cates 20whet her any of

next coding upjts at a next depth is further split; _an nmeans for
recovering sttic hfr@%‘iau{sr?écg@ Qza@aewgnmw eatypqqqgﬁﬁg& dept h accordi ng
to the flag.

5 18. The apparatus of Claim 16, wherein the mode type is INTRA.

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.



