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CODI NG BACKGROUND OF THE | NVENTI ON Cross Reference To Rel ated Applications
100011 The present invention clains priority to U S. Provisional Patent
Application, No. 61/416, 188, filed Novenmber 22, 2010, entitled "Constrained
NxN Partition for Hi gh Efficiency Video Coding". The U. S. Provisional
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.1)[0008] Fig. 3 illustrates art exanple of redundancy problem for
prediction unit at depths k and 01. [00091 Fig. 4 illustrates an exanpl e of
constrai ned partition set for a 2Nx2N | eaf coding unit to avoid redundancy
for INTER prediction. [0010] Fig. 5 illustrates an exanple of constrained
partition meivbal isAnANehhd ﬁﬁiwe%wa?@%'iélgelwé& frbf @p}(&'zﬁh, ndancy for

| NTRA prediction. [00111 Fig. 6 illustrates an exanple of syntax design to
convey information related to partition for prediction unit, 10012] Fig. 7
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an exanpl e of bitstream associated syntax of PU partition at depths k and
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of PLT partition fromdepths k.through depth k+2. 0015] .Fig, 98
1 st r ot BB p AT AT RhtResfe T8 HRARE e tifientp L pascehy Thghtion
20p@artiti anfpriess tepivhg X 2NRPNUEAT dBRLbdikd 2nitl80ddth ki gherkth N sustiFat es an
exanpl e of, bipth(sgtream iz:]ll?soci ated syntax of PU partition from depths k

t hr ough ddpterenergater han Yjandikgs a pecandipisgeragreaicnihan RnAHIS [of, pirtEeriaam

associ ate it 1 k-
SeLo01g] - ehEIRESR e (Tl i P AR Girdh (MROMAIRARS decbiaho h MRt o

predi cti orofuid EN&ZN deydtd1s, wheaeid thetsel indudel NINNpazRtiondize ah0 @iOgrefficgon 13
illustrates an.exanpl e of nstr.ai ned rtition set for prediction _unit at
dept hs k éﬂec?%nquég %@Tﬁ#mmﬁwéld ab NTRA T@%z@]ndpr loving ithg Mt at es an
ex | e of r i ORS| i it t r e cti it at
D B e o o B e o B e S e ary
fl owchart (ehalest €1hHi whegirconsist@ined depealr BUs ioformed when the palititivh sizeuni t i n

| NTER md(arer%%ve(jd? ptArxllSalléergﬂldvekz;ﬁ]paratus and method for video coding with constrained

partition for prediction units are also disclosed. The alternative method according to
the present invention comprises receiving a 2Nx2N leat CU (coding unit) at depth £,
15 wherein N is an integer greater than 0; for each NxN leaf CU of the 2Nx2N leaf CU:
evaluating condition 1 to determine if £>0; 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; and evaluating condition 4 to
determine if said three prior leaf CUs have a mode of same type and have NxN
20 partition 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 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.



[0022] Fig. 16 illustrates an exanple of alternative constrained partition
set for prediction unit at depth k and k+ 1 in the |INTRA node. [0023] Fig.
17 illustrates an exenplar} flowhart of determ ning constrained partition
set for prediction unit in INTRA node at depths k and kit |. DETAILED
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subj ect t qjchthkthan rgquadtree split unless the coding unit reaches a
pre-specified smallest CU (SCU) size. Consequently, at depth E the coding
unit CUL 19614]sFiguBieidlustrajesqarneximme of bitstream associated syntax of PU partition

from depths £ through depth £+2.
[0015] Fig. 9B illustrates another example of bitstream associated syntax of PU
20 partition from depths k through depth £+2.
[0016] Fig. 10 illustrates an example of bitstream associated syntax of PU partition
from depths & through depth £+3.
[0017] Fig. 11 illustrates an example of bitstream associated syntax of PU partition
from depths & through depth k+4.
25 [0018] Fig. 12 illustrates an example of constrained partition for prediction unit at
depths & and £+1 in the INTER mode.
[0019] Fig. 13 illustrates an example of constrained partition set for prediction unit at
depths k£ and £+1 in the INTRA mode.
[0020] Fig. 14 illustrates an example of alternative constrained partition set for
30 prediction unit at depths & and £+1 in the INTER mode.
[0021] Fig. 15 illustrates an exemplary flowchart of determining constrained partition

set for prediction unit in INTER mode at depths k and &+1.



split as shown in block 120. Again, a split Hag O indicates the underlying
CUis not split and, on the other hand a split flag | indicates the
underlying CUis split into four smaller coding units CU2, 132 by the
guadtree. The coding unit Cl132, 132, has a size of 16x16 and the process of
t he quadtr PEit tyign J : - il
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As shown iggpthabfie dodiddéniBRebAka RAGH BEMBRGER ¢80S] 104t ¥ eRt@ReLs 01
appr oxi mat ePy the sane as the conventional PU partition. However, the

encodi ng tiRpe Aifter @Rb¥in88%itaf splheyannyednticonat r&ultpardodideammithid sibjeeodi ng
time is 99% of the conventional PU partition. Ta hi 09281 'Fable 2

i |1 ustrat éd fleer ppradtorenepic emndoalae ceding agdinathea acraspedifieth ahallkEYCUPU
partition for Low Delay H gh Efficiency configuration. Again, the BD- rate
pexf or manéeCH3 sigp &ﬁmeﬁumtgh et deth Apibe eedipauaityclf hd 28 angubiest icheuadtree
conventional PU partition. However, the encoding tinme is only 86% of the
conventional PU partition while decoding tine is 98% of the conventional PU
partition. Consequently, the constrained PLI partition according to the
present invention denonstrates the advantage of reduced encoding tine and
decoding time while maintaining about the sanme BD-rate performance as the
conventional PU partition. Low Delay Y. RD- U BD- V BD
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split as shown in block 120. Again, a split flag 0 indicates 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 CU2, 132 by the quadtree. The coding unit CU2, 132, has a size
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 (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 k& and depth (k+1).
The redundancy will cause unnecessary processing and waste valuable system

30 resources.



0.00.2 0.5 0.10.3Enc. Time . .. .......... .. 86% Dec. Tine 98%
Table 2 [0029] Simlarly, the PU design in the current HEVC devel opnent

al so results in sonme redundancy for the |INTRA node. For exanple, redundancy
may exi st between

[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
(Bjeontegaard-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 is 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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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 leat 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



Y BD UBD V BD-- Hgh Efficiency ... Rate (%9 Rate ((1/0) Rate (%
Class A 0.3 0.4 0.6 CQass B0.3 0.7 -0.24
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%




Class C0.40.30.4Cass D0.40.7 0.6 All 0,00.0 0.0 Enc, Time 64 Dec.
Time /0 Table 4 [0031] As shown in Table, 4, the encoding tine is further
reduced to 81%from 88%in

Table 4
[0031] As shown in Table 4, the encoding time is further reduced to 81% from 88% in
Table 1. 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 3,
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 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 1.5 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




Table I. On the other hand, the decoding tine is further reduced to 97%
from99%in Table 1. The BD-rate performgpce is slightly degraded conpared
with that in Table I. The test results for Low Delay Hi gh Efficiency
configuration are shown in Table 5, where the encoding tinme is reduced to
Sl % Fr om 86% andrthe—decoding—tine—t+nereases—stt D% from 98% i n
Tabl e 2, Low Del ayA%. BD- U BD> V BB Hilgh Effici glncy Rdte (4 Rate (%
Rate (% C ass B 00 4 0.0-0 Qrass CTU0.270.30. 4

. (V]

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 [ 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, nL.x2N and nRx2N are also

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



Class D0,1 0.3 Cass E0,4 1,2 0,6 All 0.7 1.4 0.1 Enc. Tine 81%"
Time 100% Table 5 11

10

shown in Italic style to differentiate them from the codewords for the standard
symmetric partition. When the standard symmetric partition is used, the codewords 1,
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
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 0117
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

Table 8

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

Dec.



[0032] Simlarly, the Nx.N partition size ma.y also be restricted when the
CU size is the sane as the SCU size for 5%3 | NTRA node. In this ease, only
2Nx2N partition size is all owed when the size is the sane as the SCU
size for the I NTRA node. The test results for I NTRA Hi gh Efficiency
configuration are shown in Table 6, where the encoding tinme is reduced to
50% f r om tgeGEndnd METRAcddingon aeperding taetha cedvantosd kY erasagWovenitabl e 3.
However, the BD-rate performance increases noti ceablyrvvith a worst case of

50 All | A8 wheyh bethidNbr2Ahagd Nx¥ nagiion sizegpreratoavedoyThe cpdewrends fonghe 1. 5 v
Rate (A) case:l'(')t7 H\ﬂ" ]gﬁ SslicBe ildrSpigche) 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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13

uses one bit at depth % to indicate whether the block is split or not, and one bit to
indicate the partition size. For the partition example shown in Fig. 7, the conventional
HEVC will use one bit to indicate the block is split. After splitting, all blocks have
the same size and the conventional HEVC will use another bit to indicate the partition
size. Therefore, a total of 2 bits are required by the conventional HEVC for the
example in Fig. 7. On the other hand, according to a modified method that uses one
bit at depth £ to indicate whether the block is split. If the block is split, one bit for
each of the blocks at depth (k+1) is needed. Therefore, a total of 5 bits will be
required by the modified method for the example in Fig. 7. Therefore, new syntax
design is needed to improve the efficiency.

[0038] In order to improve the efficiency, an example of new syntax design is shown
in Fig. 8, where a new syntax element further_split flag is introduced. The new
syntax element according to one embodiment of the present invention assigns a value
1 if at least one of the four CUs at the next depth needs further split and assigns
further_split_flag a value of 0 if none of the four CUs at the next depth needs further
split. According to the new syntax design, the resulted bits representing the partition
are shown in Fig. 8. Since there is no need for further split at depth £+1, a single bit
for further_split_flag indicates that none of the four CUs at depth &£+1 is further split.
Therefore, 2 bits in total are required by the constrained partition using the new syntax
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
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
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 (£+2), both the



[ 0033] An exanple of syntax design to support the constrained YU partition
is illustrated in Fig. 6. The node table syntax el enent denotes the

predi ction node and the partition node for Low Conplexity Entropy Coding
(LCEC). Although this syntax elenent in Table Fig. 6 appears to ht. the
sane as t N the,. nt ;ona C as. e Q. 1ts neani ng has
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| NTRA and | NTER prediction nodes. There is no codewdrd associated with

2Nx2N for ©néhg efden hardathseicsicd bitshears saeiding tadeo Hded el MedohdEX) f or B
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Nx2N and MENesropeitefdis Fxy Padtand @S dptneetivhy.sSiwe (s DM« o4 aad 368nrand

n N are : (o) L0, [ G. didHe j
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the NxN partition size is not used, there is no need to assign a codeword
to the NxNBoafhd tasaltedshipstreamadsterdihg to.thabee sgntapicontaine] bamnd OnNiiRAther

predi ction _accordin ..the conventional .. f er .2010, where
bo‘fcﬂ Zngfaﬁﬁmtg? Wﬁgﬁégﬁtﬁa%ac&’%&g 'é’rtge Eﬁm&?ﬁfﬁéelmﬂg%@f 0P he case
of I NTER sitHe€oreQkhaPh&l Ufyadaxaid dnbRNTEMicROE daat 1he NeohQéntfRas HEV O&dr tid
partition according to the present invention are shown in Table 10. Since

the NxN p&Xéimpieon size is not used, there is no need to assign a codeword

to the Nx td.t i i a 036j. . T 1L illustrates an
bvanpl e o RN il QRRiERs LA REGot JARfodfind ROGRer @M B ik MR P2
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bot h 2Nx2N and NxN partition sizes are allowed. The egdewords for the ease

of23 NTRA ditiedsdl asdi01hiapd b &) resprstivRiYRAC Frddente thipiirther snbibriks carsseendug
partition j -+ G i i i Si nce
Phe NN part iy g, i 30 0 &5Eline B LTHhE bR 1N o Bt 24 2nd o
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fable 11 l?ﬁb\%ll I1r§: lgig( |l:?) (eirtlc&J {h%)bitls&ga%ﬁ foPrrd%g‘ichC Jrizoarhd-li)régfor-lrc? el?rle%h(:)l'v%n as dots in Fig.
10. Therefore, the new syntax design requires 6 bits to represent the partition at

30 depths k£ 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



:1 0 20 uses one bit at depth k to indicate whether the block is split or
not, and one bit to indicate the partition size. For the partition exanple
shown in Fig. 7, the conventional FIEVC wll use one bit to indicate the
block is split. After splitting, all blocks have the sane size and the

conventional HEVC will use another bit to indicate t Lt Ther ef or e,
awmlﬁ%%i?%@%ﬁ%&%ﬁﬁ?%%ﬁﬁ@he %@%&%mMin
Fig, 7, O10048 m@phET ilhvahstes as@pérdionsirdifedPUDSk it @dex@iglodcddiaingus @fe One bi t
at depth k to indicate whether the block is split. If the block is split,

one bit fdresacinvettianhior INGERsmade. diptits ¢a6¢19 derthrieBNER Chhstibfcgratse a t ot al
of 5 bits willphe LLe h i fi i t appl-epi;n Fi g.
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simultaneously.
[0042] For each 2Nx2N leaf CU at depth £, the following four conditions are tested to
10 determine whether 2Nx2N partition size is allowed for INTER mode. If all four

conditions are satisfied, the 2Nx2N partition is disallowed as shown in Fig. 14.
Otherwise, all four partition sizes, 2Nx2N, 2NxN, Nx2N 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
15 depth=k" and (d) if the prior three leaf CUs have Mode=INTER and PartSize=2Nx2N.
Fig. 15 illustrates an exemplary flowchart of determining constrained partition for
prediction unit in INTER mode at depths k and k+1. The four conditions are tested in
block 1510. If the four test conditions are satisfies, the partition size 2Nx2N is
skipped, i.e., partition sizes {2NxN, Nx2N, NxN} are tried in blocks 1522, 1524 and
20 1526 respectively. Furthermore, the partition size NxN for the parent CU at depth (k-
1) is also tries in block 1528 and the process is completed. If any of the four test
conditions is not satisfied, partition sizes {2Nx2N, 2NxN, Nx2N} are tried as shown
in blocks 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
25 size NxN is also tried as shown in block 1542, otherwise, the partition size NxN is
skipped and the process is completed.
[0043] For each 2Nx2N leaf CU at depth £, the following four conditions are tested to
determine whether the 2Nx2N partition size is allowed for INTRA mode. If all four
conditions are satisfied, the 2Nx2N partition is disallowed as shown in Fig. 16.
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



further split flag a value of O if none of the four CUs at the next depth
needs further split According to the new;gyntax design, the resulted bits
representing the partition are shown in Fig. 8. Since there is no need for
plit at depth kfl, a single bit for further_split_flag indicates
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as described above may be implemented in various hardware, software codes, or a
combination of both. For example, an embodiment of the present invention can be a
circuit integrated into a video compression chip or program codes integrated into
video compression software to perform the processing described herein. An
embodiment of the present invention may also be program codes to be executed on a
Digital Signal Processor (DSP) to perform the processing described herein. The
invention may also involve a number of functions to be performed by a computer
processor, a digital signal processor, a microprocessor, or field programmable gate
array (FPGA). These processors can be configured to perform particular tasks
according to the invention, by executing machine-readable software code or firmware
code that defines the particular methods embodied by the invention. The software
code or firmware codes may be developed in different programming languages and
different format or style. The software code may also be compiled for different target
platform. However, different code formats, styles and languages of software codes
and other means of configuring code to perform the tasks in accordance with the
invention will not depart from the spirit and scope of the invention.

[0045] The invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described examples are to be
considered in all respects only as illustrative and not restrictive. The scope of the
invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of

the claims are to be embraced within their scope.

0 C§3%Qe ot her hand, the bits Labeled as 924 and 926 correspond
IRt 6 respectively. Since CUs 914 and 916 are split, the



have a value of 1. Since Crs 914 and 916 are not further split at depth
(k4.-2), both the bit followng bit 924 and the hit 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
bi tstream according to the |1 EVC Test Mdel ([-IM contain 9 bits.
Therefore, the new syntax is nore € ARVt than the conventional HEWfor
this exanple. [0039] Fig. 9B illustrates another exanple where only one CU
at depth (k+l) is further split. The CU 950 at deﬁlth k. is split into four
CUs | abel ed als 2gmothoddor videpepraggsiog g0 gt e1cpesty ! eTﬁ"éhQiF%B“%ﬁlgidept h

(k+1.) is fur r: ok ' -other }tb%?%% diferth Kbt gre, not
further spli trF:&E\SPQRLngrdggjqo%%%ﬁ(ﬁl?%@ttpgaznlﬁ aseg on @I&el %ew )synt X, Rl’t he
first bit whateid ddisas figdOnte gerr @egianthan tloar@ k 966 .se@indciete@et SfsBterr shaapbi t, t he
split_fI agék% bit labeled as 960 has a value of 1. The follow ng bit
corregfpon . I(BOQ’UI’theI’_Splittl ag and has a value of | since at |east one of
the thur CUs J.abeled @8 vRRE daBrbrredRB1dfHYd0 IRB2NRN Wik 0% in¥Phistt of NG DI t's

| abel ed as 962, 964 and 968 correspond to CUs 952, 954 and 958

respect i véprgdicGhmueitsPlasc@8ing t95predicti@5Bode ef Het2N@N teaf Chle vdwraiedipondi ng

lit _fl k+1) . bi 962.. 964 968 h. | f_ 0. t he.oth hand,
the bt | aaelSI By b ads s Bt B otS RE s e BEE R I e
correspondh MITRA! thbdd:t ag(k+1) bit 966 has a value of 1. Since CU 966 is not

further split at depth (k+2), the bit followng bit 966 has a val ue of 0 as
shownl®s Fi g.remgping theeNKNqarttion sie ior theamedietdt apayifttee TNS2ZNder A isax

contain 7.hj 20 I irt st jng to
A O A R
nmore ef fi phgifiontshans tthevedndnt i onal HEVC for this exanple. 100401 Fig. 10
111 ustrates an exanple corresponding to further split of exanple in Fig.
9A, where oné‘pal‘ynlg"l@rf@&ﬁloinno@lﬁ‘ﬁ@1V4d%)néat8n%p°8¥ 1igh &0 HWA‘@EPIQI%O‘%ED further
split, 25 i 1046, HelideBbY on TR L4l GataSis i dir t her
split, thgglg%%%ggsﬁgﬁdﬁ%%@gslnare gﬁ’ég\/\lngg?n Fig. 0?0 %y assi gr]isng a val ue of
1 to the e sdtaifl Bis iy theh2Nk2N 1024CENdortaspoints toi thef YU oaidnspithiapp a6
respectively. Onl he. pi t stream at dept hs and .k-j = in.Fig. 10
hnd che bPIIS R hos sl e ahiesy s iarunhBla 8o aReN I o2 10
Ther ef or e cU RaREWHEY HeaCESi gn requires 6 bits to represent the partition
at 30 depths k and k+-1 while the conventional 14EVC requires 7 bits. Fig.
11 illustrates a further exanple, where all CUS 912, 914, 916 and 918 are
further split, at, the npext dept hs.. The r d- hi L on the
new synt ax arfd :Tﬂ‘é ﬁ%d?ggwa\)%d ’Iwg?rgms \Asﬁ??)nlpi&—'ﬁgf.up[!féi{sw rysg:gt e ﬁgw

synt axo r eguitiies shePINSN phtttionishe aa0 NEM pafidn $ikERC thielNTERthddebi ts tin
partition at depths k and 0-1. As shown in the exanples above, the new
syntax is nore efficient in nost cases than the conventional HEVC [00411
Fig. 12 illustrate t;}e# stral U QRREX AR C fng to
t he present ﬁiv@%t?lgﬁl%?or ﬁ%ﬁg’n‘%@ﬁﬁﬂggﬁﬁ?g{gzg%eifaﬁa&éept ﬁ?gl CcuU
still canpuaseiohbsidePisthe HS®BWapdd.he four depth-(k+1) |INTER CUs cannot use
2N x2Nl PUs sinultaneously. Fig. 13 illustrates another constrained PU
partition according to the present invention for INTRA node. In this case,
a depsfi- k | NIRATURRE]d oC@RiHSE bl RUshprisOBeV&Ep of IR ofpRutindePhs (K +1)

| NTRA CUs cannot use 2N x2N1 PI' A sinul taneously. 100421 For each 2Nx2N | eaf
CU at depiti¢ate whethodryorinegt ¢osling wokdit pinexisleaiteistfethesdplito 10 det er mi ne
whet her 2Nx2N partition size is allowed for ENTER node. If all four
conditions are satisfied, the 2Nx2N partition is disallowed as shown in
Fig. 14. O hey wWihsanetdbd of QU&imPArWhérki@nif sbdesf theNeNcodb Nnith?Meatedt NXN,
are allowed. The four conditions aref&% if k>0 (i.e., smaller than the LCU
si ze), (hyepthis fstheupplgns iclirated bnehe) ffag np figther informagfonas)ingorparaled i ent  CU,

onr s et S8R AR MR BRSNS 0t Lo B an

exenplary flowhart of determ ning constrained partition for prediction
unit in INTER node at depths k and kfl. The four conditions are tested in
bl ock 1510. 16 A methog@f videePressaang B Rs 140 1eats s é%e,th‘i‘ﬁ‘émﬁ%sﬂl?&:i on size
2Nx2N is skipped. i.e., partition sizes {2NXN, Nx2N, NxN} are tried in

bl ocks 1522, 1524 and 20 1526 respectively. Furthernore, the partition size
NxN for the parent CU at depth (k-1) 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, Nx2Nl1 are tried as shown in bl ocks 1532, 1534
and 1536 respectively. The condition of "if the CU size is the sane as the
SCU size" is tested in block 1540. If the result is asserted, the partition

P



109431 For each 2Nx2N | eaf CU at depth k, the follow ng thur conditions are
tested to determ ne whether the 2Nx2N;partition size is allowed for |INTRA
node. if all four conditions are satisfied the 2Nx2N partition is

di sal l owed as shown in Fig. 16. 30 O herw se, both partition si zes, 2Nx2N

and NxN, are @ldio} d«dth%tat&M SEHIHd 100N 2€ 1daICU coliin edeptR il | er
than the LCU S|£ewg (b i f thgscurré%P CU is the Iag? ;ourt?a ?@a?acu of

its paren r e |l eaf CUs have depth K" and (d) if the
prior thrtevéh eln&%ﬁg%&g&gﬁ%égtﬁl% and PartSi ze=2Nx2N. Fig. 17
illustrates an ex ar m ning constrained partition for
prediction u Ofe‘ﬁqﬁﬂﬁ%éﬁChgggﬁﬁg&ﬁg%ﬂﬁﬁkﬁénd 0-1, The four conditions are
tested in bl ock é%ﬁ@nu&ﬂmhﬁﬁOBQQ6d&%ﬁﬁmgqngqﬁIOnS are satisfies, the

partition size 2Nx2N 1S skipped, i.e., only partition size NXNis tried in
bl ocks51722. Fur tvevatmgesontiiienphatd detemmins il saidhenrtf dIXN Ivef PAF éne f@utlat dept h
(k-1) is al r-8s i ocC 724 and the process is conpleted. If any of

t he four ﬁ%gqni8t§?gb§3@HF§ﬁH%t satisfied, partition size 2Nx2N is tried as
shown in bl ocks &vadatinph@n&ieiod i3tth @Ete%mehf thrdtepr{dd |&df TR IsaveiBe 8B kas t he
SCH size" is tested in block 1740. If the result is asserted, the partition
size XN is also tried as shown in block 1742, otherw se, the partition
size NxXN i s skipped and the process is conpleted. 100441 Enbodi nent of
adaptive offset restoration according to the present invention as described
above may be inplenmented in various hardware, software codes, or a

conbi nation of both. For exanple, an enbodi nent of the present invention
can be a circuit integrated into a video conpression chip or program codes
integrated into video conpression software to performthi.. processing
descri bed herein. An enbodi nent of the present invention may al so be
program codes to be executed on a Digital Signal Processor (DSP) to perform
t he processing described herein. The invention may al so i nvolve a nunber of
functions to be perfornmed by a conputer processor, a digital signal
processor, a mcroprocessor, or field progranmabl e gate zuray (FPGA). These
processors can be configured to performparticular tasks 20 according to
the invention, by executing nachine-readable software code or firmware code
that defines the particular nmethods enbodied by the invention. The software
code or firmware codes may be developed i.n different progranm ng | anguages
and different format or style. The software code nmay al so be conpiled for
different target platform However, different code formats, styles and

| anguages of software codes and ot her neans of configuring code to perform
the tasks in accordance with the invention will not depart front the spirit
and scope of the invention. 10045i The invention nmay be enbodi ed in other
specific forns without departing fromits spirit or essential
characteristics. The described exanples are to be considered in al

respects only as illust-ative and not restrictive. The scope of the
invention is, therefore, indicated by tin, appended clains rather than by

t he foregoing description. Al changes which conme within the neaning and
range of equivalency of the clains are to be enbraced within their scope.

CLAI M5 1. A nethod for video processing for a video encoder, the nethod
conpri si ng: recei ving video data corresponding to a 214x2N | eaf CU

(coding unit) at depth k, wherein Nis a first integer greater than 0 and k
is a second integer greater than or equal to O; partitioning the video

data corresponding to the 21 4x2N leaf CU into a set of Pus (prediction
units) 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 | NTRA node; removing the NxN partition size for the prediction
node if the 2M 2N leaf CU is larger than SCU (smallest CU), wherein a
constrained set of PUs is forned when the partition size is renoved; and
appl ying prediction on the video data according to the prediction node to
generate residue data, wherein said applying prediction on the video data
is based on the set of Plirs if the 2Nx2N | eaf CU corresponds to the SCU
and said applying prediction on the video data is based on the set of
constrained Pits if the 2Nx2N |l eaf CU is | arger than the SCU. 2. The
met hod of Claim1l, wherein the set of PUs further conprises 2Nx2N partition
size, 2NxN partition size and Nx2N partition size for the | NTER node.



3. The method of Claim1, wherein the set of PUs further conprises 2Nx2N

partition size for the | NTRA node. 1g4. The nmethod of Caim1l, further
conprising a step of incorporating a flag to indicate whether any of next
coding units at a next depth is further split. 5. The method of Caim

4, wherein ifypone of the next coding units at the next depth is further
split as indicated by th.e flag, no further infOrmation is incorporated to

indicate split deci;si.on for..ea f. the next i j e next
dopthe o 7't ece Fol e BgRE do Bk ar i PR IRE Pl WP o ng

unit) at dgpide kipcwhéheidNMNIipartaionisidegger greater than 0; for each NxN | eaf
CU of the 2Nx2N ;car CU;, evaluating condition Ito determ.ne if | e>0;
eval uating corIReVins N2 REriEion FEeiP LAINd 2e s TRIRA | RAERIQU 6 iR theurt h

| eaf OfCO@B@OﬁWﬂukﬁﬁ%ggﬁﬁﬁﬁwaﬁ%@i Qs@,eﬁ&ﬂ%&i on 3 to deteunine if three

prior [eaf ave t eval uating condition 4 to
det er m ne sai phrtifisresg paid @acH BalN ekl Chaaceoainpbethefcosamnddyyretito s¢tafe NxN

partition size;, . . renpvj n Nx2N partition size to thrma constrained
partition tg‘*efoﬁdftl"_c“h]ethé‘b‘%it%‘?g‘ﬁl gyt %ﬁ&h apiLteds ition 4 are all asserted;
and parti édp@ﬁh% g)r&ﬁ&tmneaﬁ hndbehicheddta @ ReGaldiAMut Uakd Ba&nNsh il ned

partition set 1t condition | through the condition 4 are all asserted,

and apphstiampdpraediaticon on the video data to generate residue data
based ﬁn the constrained partition set. 7. The nethod of Cair 6,
wheref i the rode type is INTER 8. The nethod of Caim6, wherein the node

type i s | NTRA7. The method of Claim 6, wherein the mode type is INTER.

8. The method of Claim 6, wherein the mode type is INTRA.

15 9. A method for decoding of a video bitstream associated with video data in a
video decoder, 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, the method comprising:

20 performing a test to determine if the 2Nx2N leaf CU is larger than SCU (smallest
CU);

selecting codewords for the set of PUs according to the test;
decoding the video bitstream to recover PU partition according to the codewords
selected;

25 decoding the video bitstream to recover residue data associated with the 2Nx2N
leaf CU; and

reconstructing video data associated with the 2Nx2N leaf CU based on the set of

PUs using the residue data associated with the 2Nx2N leaf CU.

30 10. The method of Claim 9, further comprising:
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



9. .A nmethod for decoding of a video bitstream associated with video data
in a video decoder, wherein the video,data conprises a 2Nx2N | eaf CU
(coding unit) at depth k partitioned into a set of PIN (prediction units)
according to a prediction node of the 2Nx2N | eaf Cu, wherein the set

i ncl udes NxN tition size and the prediction node includes an | NTER node
and an | NTRA, 1ode, the nethod conprising: perfonning a test to determ ne
if the 2Nx2N leaf CU is larger than SCU (snallest CU); sel ecting codewords

for the set of P Us according to the test; decoding the video bitstream
to recover PUlpdpemistad efdclaiy ilasgW ?{%‘ndgﬂ%‘%?f&lée §%’fté?88‘g‘§;umts E g\?cﬂ?&ﬂ ng the
video bit [ Y =X~ et B - af Cy,
e B, A o R oA T s
on t hes setthobitsBichih Sotstogringstrnesiechfehaatd cadisg onidt @dhavne depds. 2Nk 2N | eaf
CuU. 10. The nmethod of Caim9, further conprising: extracting a
flag fromthe video bitstream wherein the flag indicates whether any of
next codi ng umi s, AhaAnReyE videPEdHinS tUgpaRkusSIInidrisiiind recovering
structure of the néext coding units at the next depth according to the 1;3a
flag. 11. The method of C aim 10, wherein if none of the next coding
units at the next depth is anther split as indicated by the flag, no
fitrther information is incorporated in the bitstreamfor recovering
structure of the next coding units at the next depth. 12. An apparatus for
vi deo codi ng, the apparatus conpri sing: means for receiving video data
corresponding to a 2Nx2N | eaf CU (coding unit) at depth k., wherein Nis a
first integer greater than O and k isa second integer greater than or equal
to O;



means for partitioning the video data corresponding to the 2Nx2N | eaf CU
into a set of Pus (prediction units) ggcording to a prediction node of the
2Nx2N | eaf CU, wherein the set includes NxN partition size and the

predi ction node includes an | NTER node and an | NTRA node; and neans for

renoving the rtwﬁam Q%(Itebélk/ﬁ)l ﬁﬂ&)ede{t@f:or}& 0 lfr‘%t&é bRRoXEE diy (E&ﬁn%h'ﬁiﬁjsl Iegf

CU is larger Il est ere a constrai ned set

for med whendépte kpwhenein Mns gifize 1mtsger@mawdharaﬁdnd k is aeenvad finegapgbateng
predicti o on the vi ﬂeo data according to the prediction node to generate
resi due da @Or\ﬁﬂﬁ?lé? sai d applying prediction on the video data is based.

on. the set ofhedddSod fartifibhitdMRNid@AdatLLbrEQpsRENORAS: DNxDNE SR aRE Sai d

appl ying prediction on the video data is based on the set of constrained
PUs | i bhe seiNd2U$ éaédlcmon umits) Iaacr(gémgttharprt:dletlscmode of the1ZNxZNdeafpfpldr at us of

a 2 h 2
2NN par TG 2 G- KON DLt B 2t S8 TRY pRATeoPRreR halribddsoh =1 22

The appar aNUsRGhodd AdBnIRITRA @fodearidhe set of PUs fUther conpriseslNx2N
partition size for the | NFRA node. "t he a\%)aratus of Caim1l2,

further conprirgingdorisaeyinedhe NrSbpasBrieR Wi@ fQi the prgdigHen made ke 20fx2pUs
contains o %ilﬁ [Lalgrg%pﬁlaﬁgé(? Jufl G \ém]?}ehr? b cBfrafled$ai &k POS & fhﬁﬁ@d one P U

is further™s apparatus tor video processing, e appar at us
conprisi nguhenthepmﬁﬂ@ailmlsrraneved agd vi deo data corresponding to a 2Nx2N
| eaf CU (coding unlt)p@?t depth k, wherein Nis an.inte er eater han O;

for each NxN PEHP o8 AR ingBIeSIKONOR A viess dai AFFOTdiBg I 1?!&?‘88 ition I

to determ : f candivt erm ne
|7 Sai d on BRI e R RT PLEIFRIRIA0E A9 dﬁ%é‘ﬁa K

means f or oevhé wet ofring £ dintie 2NoANSlenh Clet@rasporadsi th th¢1 rS€éJ pnd oxid|apafyiiGQlys have

t he depth k;.and . ans for eyal uating caond on rpmne if
sai 0 thr odr i e vidse FEVE Pa e Be ek EPeGRBRLRLRRL Ds R BAF It on
Size;15 AEaNsrobPthah GOVWIMNY 2NX2N partition size if the condition |

t hrough the COI’](%tI on 4 are all asserted; 10Onmeans for partitioning said

each NxN |l eaf CU according to a constrai ned
13. The apparatus of Claim 12, wherein the set of PUs further comprises 2Nx2N

partition size, 2NxN partition size and Nx2N partition size for the INTER mode.

20 14. The apparatus of Claim 12, wherein the set of PUs further comprises 2Nx2N
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

25  than one PU is further split.

16. An apparatus for video processing, the apparatus comprising:
means for receiving video data corresponding to a 2Nx2N leaf CU (coding unit)
at depth k, wherein N is an integer greater than 0;
30 for each NxN leaf CU of the 2Nx2N leaf CU:

means for evaluating condition 1 to determine if k>0;



partition set if the condition I through the condition 4 are all

asserted.; and means for applying prediction orb the video data to
generate residue data based on the constrained partition set. 17. The
apparatus of Claim 16, wherein the node type is IN ER 1S. The apparatus of
Claim 16, wherein the node type is | NTRA 19. A apparatus for decoding
of a video bitstream associated with video data, wherein the video data

conprises a 2Nx2N_ | eaf. CU (codi n it) .at, depth. rthti dinto a set
of BUs (pr ach ot 1 oedpLy AR B aPndtbn 248 e ERRtE LRREL NPV TN T ear
CU, wher eiafotifiigles£CU dTahaigego N fpartition size and the prediction node

i ncludes an I NTER node and an | NTRA node, the apparatus_conprising:

neans for perfor ninggpsaor etluatinggenditipn deo determmeaflee pretled Vs hpwg ger
than S 1 ; means for selecting codewords for the set of PUs
accor dlg:#g(t?éw%pﬁgﬁ’taé@? means for decoding the video bitstreamto

recover PU parti tiemsade evaiunmgt@ntiitieneogealvtsrodncsilseiditrate prior leaf CUgreans
for decoding the video bitstreamto recover residue data associated with 2
i )the 2Nx2RV§ 2ROl saptype angaas ¥ PatifeBi¥er uct i ng vi deo data associ at ed

with the 2Nx a of; [ es a
associ at ed W%A@hgor%ngﬁ%fggw (%ﬁh %aﬁﬁfonz I.Zg)sriﬁedlgp%glg g{bglsﬁo?ﬁ%&% %Hélg;

further ceopditish Agre all assentains for extracting a flag fromthe video

bitstream, whereip the.flag indjcate t he ny of. next coding upits at
a nexigdept h I?lganlsuﬂlrh%aﬁng‘ﬂﬂliq% ;Sagﬂnaacth ?‘“ﬁ@i‘?‘g ﬁﬁa QEGVRrP g Q?PF‘&%P?fpe of
the next ¢adid skifte at the next depth according to the flag.
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condition 1 through the condition 4 are all asserted; and
means for applying prediction on the video data to generate residue data based

on the constrained partition set.

17. The apparatus of Claim 16, wherein the mode type is INTER.

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
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;

means for decoding the video bitstream to recover PU partition according to the
codewords selected;

means for decoding the video bitstream to recover residue data associated with
the 2Nx2N leaf CU; and

means for reconstructing video data associated with the 2Nx2N leaf CU based on

the set of PUs using the residue data associated with the 2Nx2N leaf CU.

20. The apparatus of Claim 19, further comprising:

means for 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

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

according to the flag.



