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respective chroma prediction mode
encoding achieve chroma prediction.

When the 4x4 block prediction

said, four parallel prediction 4x4 chroma
component block will be at predicting
when required to reference pixels are not
available, use the nearest available pixels
instead.

Advantages

The method of the present invention is:
(1) the use of the chrominance
component and a luminance component
texture similarity, the spatial prediction
mode for chrominance components by
the spatial prediction mode of the
luminance component corresponding to
the maps as a certain relationship, not
necessarily rate-distortion optimization
method to select a prediction mode,
effectively reducing the complexity of a
chrominance component encoded in intra
mode.

(2) by the luminance intra-prediction
mode can be mapped only intra-
chrominance prediction mode, as long as
the decoding side using the same
selection policy, you do not have to
chroma prediction mode coding to further
reduce the complexity of the codec
degree.

(3) using the prediction mode for chroma
blocks, the pixel values of chrominance
blocks to achieve the prediction process,
4x4 4 4x4 block prediction such that
prediction of chrominance components in
the blocks in parallel, to increase the
pixel chrominance blocks efficiency
values of prediction.

Figure 1. The chroma prediction block to
be coded and the reference point around
a schematic diagram 2: H.264 intra
chrominance prediction coding flowchart
of FIG. 3: intra-chrominance prediction
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coding is a flowchart of a method of the
present invention Figure 4: location 8x8
chroma prediction mode selection of the
correspondence between the luminance
component Figure 5: location 4x4 chroma
prediction mode selection of the
correspondence between the luminance
component Figure 6: luminance
component 16x16 prediction mode to
predict touch-type color mapping table
Figure 7: 4x4 prediction mode of the
luminance component to the chroma
prediction mode mapping table in Fig. 8:
4x4 chroma prediction process, specific
embodiments with reference to the
positional relationship between the dots
Referring to the drawings and detailed
description of the method of the present
invention in detail instructions.

As shown, the operational flow diagram
of an intra-image predictive encoding
method 3 of the present invention. The
operation steps of the method
comprising: in step 10 to obtain the
chrominance component corresponding
to the prediction mode of the luminance
component. Spatial prediction chroma
component of the luminance component
after the spatial prediction performed in
the same macroblock, the chrominance
component mapped by the same
prediction mode of the luminance
component of the macroblock prediction
mode corresponding to the position of the
block. In the existing H.264 intra
chrominance prediction coding technique,
the chrominance component blocks used
for prediction Bian fixed size, in
accordance with uniform 8x8
chrominance component prediction; and
in the process of the present invention,
the prediction of the chrominance
component preclude the use of the block
size is divided into two categories, one is
8x8, the other is 4x4. Selection
luminance component location map
according to the size of the block
predicted chrominance component used
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fall into two categories: 1) 8x8
chrominance component according to the
prediction: the macroblock 8x8
chrominance component blocks only one
prediction mode, the prediction mode
16x16 luminance component mapped by
the blocks of the current macroblock in
4x4 blocks of a prediction mode, a
randomly selected one 4x4 luminance
component blocks, the recording
brightness prediction modes. In the
present embodiment, referring to FIG. 4,
8x8 chrominance component blocks of
the same block of the luminance
component selected 16x16 macroblock
prediction mode of the upper left corner
of the 4x4 blocks mapped.

The reason to do so, because the
experimentally measured, the choice of
the luminance component of the upper
left corner of the same macroblock
prediction mode blocks to map, the
resulting effect is the best.

2) in accordance with 4x4 chrominance
component prediction: macro block 8x8
chrominance component block into four
4x4 blocks, four 4x4 blocks can each
have their own prediction mode, each
block of the current chroma prediction
mode by 16x16 luma prediction modes of
a luminance component of the
macroblock 4x4 blocks mapped. In this
embodiment, referring to Figure 5, the
luminance component of the 16x16 block
into four 8x8 luminance and other
components in the blocks, each 4x4
chroma component block corresponding
to a luminance component 8x8 blocks,
each 4x4 8x8 chroma component of the
luminance component corresponding
block selection block 4x4 prediction mode
in the upper left corner of the block to
map. This is the best choice method of
experimentally derived using the method
selected luminance component blocks,
the resulting effect is the best.

http://pdf9.patentorder.com/pdf/MTCN 1784015 hthi?° 10/17/2017
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In step 20, using the luminance
component prediction model to achieve
the mapping of the chroma prediction
mode. After selecting the corresponding
prediction modes for luminance block
chroma blocks, then you need to predict
the luminance block mapping mode to
chroma block prediction mode, the
mapping relationship prediction mode
prediction mode of the luminance and
chrominance blocks between the blocks.
Because the prediction mode of the
luminance block to block more than
chroma prediction mode,, so this
mapping is many-to-one relationship.
Mapping relationship table based on
texture analysis and statistics on the
mapping table shows the effect for a
certain kind of prediction luma block
prediction mode, the selection table
corresponding chroma block prediction
mode, and ultimately get the best. Figure
6 said the apparent brightness 16x16
prediction mode to map the chroma
prediction mode. Figure 7 illustrates the
chroma prediction mode is determined by
the brightness of 4x4 prediction mode to
mapping. By mapping table can be
finalized chroma block prediction mode.

In the conventional H.264 Intra chroma
prediction encoding, the need for four
kinds of prediction modes for chroma
blocks are forecast, and then the four
prediction mode prediction results
obtained rate-distortion optimization
method comparison, choose the best
prediction mode. In the process of the
present invention, as long as the
luminance block according to the
prediction mode, reference mapping
table, you can find the same luminance
block corresponding to a particular
macroblock prediction mode chroma
blocks, only this one prediction mode
coding, as compared with the prior art,
the coding complexity is reduced by 75
percent, compared with the conventional
method of the present invention, the

http://pdf9.patentorder.com/pdf/MTCN 1784015 . hthi3° 10/17/2017
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H.264 intra chrominance prediction
encoding method significantly reduces
the complexity of the coding.

In step 30, it has been determined by the
chroma block prediction mode, to achieve
the chrominance blocks of pixel values
forecast. In step 10, depending on the
choice of the chrominance component
prediction block size, the mapping
position of the luminance component
choices will vary, resulting in 8x8 block of
the chrominance component may have
one or more chroma prediction mode.
Thus prediction process color pixel
values of the block is divided into two
categories according to the size of the
selected prediction chroma blocks.

1) for the 8x8 block prediction, forecast a
total of three modes, namely horizontal
prediction, DC prediction and vertical
prediction. Compared with the existing
H.264 Intra chroma prediction encoding
method reduces Plane prediction mode,
this is because in the method of the
present invention is applied scenario, the
image accuracy is not very high, the use
of horizontal prediction, vertical DC
prediction and prediction of these three
prediction modes is sufficient to meet the
relevant requirements of precision, and
Plane prediction mode as compared with
the previous three kinds of prediction
modes, the prediction method is
complicated, the coding complexity is
relatively high, and therefore in the
method of the present invention, only
selected horizontal prediction, DC
prediction and vertical prediction. Use of
these three prediction modes to achieve
the specific operation and H.264
chrominance prediction block pixel values
of the three prediction modes same
procedure. That is, as shown in FIG. 1,
horizontal prediction using prediction only
with reference to the current pixel block
to the left of point (i, j, k, 1, m, n, 0, p); a
vertical prediction using only upper

http://pdf9.patentorder.com/pdf/MTCN 1784015 hthi3’ 10/17/2017
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reference current block pixels (a, b, ¢, d,
e, f, g, h) prediction; DC prediction decide
to use the left or upper left side or both
according to availability of reference
pixels, and the upper left corner (X) of the
reference pixel point forecast.

2) for the 4x4 block prediction, there are
three kinds of prediction modes,
respectively horizontal prediction, DC
prediction and vertical prediction.
Compared with the 8x8 block prediction,
the difference lies: in the 8x8 block
prediction, the entire 8x8 block of a
chroma component of the macroblock
prediction mode is only one color, while
in the 4x4 block prediction, a macroblock
entire 8x8 chrominance component block
is divided into four 4x4 chroma
component block, each block has its own
4x4 chroma component of the chroma
prediction mode, chroma prediction mode
of each block of the chrominance
components between,, may be the same
or different. In the realization of the pixel
values of the block of chrominance
prediction process, four 4x4 chroma
component block may also predict the
chrominance component blocks of 8x8
chrominance blocks of pixels as a whole
compared to the forecast value, 4x4
block prediction efficiency is clearly
higher.

When the 4x4 chroma component block
prediction reference pixels when required
is not available, use the nearest available
pixels instead. 4x4 block prediction of
specific implementation process with
reference to FIG. 8, "1", "2", "3", "4",
respectively, in accordance with their
respective block prediction mode
prediction, if one "2" block when making
left-pixel prediction needs, but the "2" of
the left block is "1" block generates the
required reference pixels are not
available, and therefore the use of the
nearest available pixel used instead, i.e.,
the use of the left pixel "1" of the block;

http://pdf9.patentorder.com/pdf/MTCN 1784015 . hthi32 10/17/2017
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the same, wherein if the "4" when blocks
need to make predictions on the left pixel,
use the left pixel "3" block; if one "3"
block when doing the top-pixel prediction
needs, use "1" block upper pixel; if one
"4" block to do We need top-pixel, use
the upper pixel "2" block prediction.
When these blocks need to make
predictions of other pixels in the direction,
the same as the prior art. Using the
procedure described above, "1", "2", "3",
"4" prediction block can be performed in
parallel.

In the conventional H.264 Intra chroma
prediction encoding method, can be
achieved only 8x8 block prediction, it can
not be achieved 4x4 block prediction.
Thus the process of the present invention
compared with the prior art, it is clear that
the prediction efficiency is improved, and
the coding efficiency can be improved.

In step 40, calculation of prediction
residuals. The last step of the obtained
prediction block pixel value to be
encoded blocks to do difference pixel
values, the results obtained are residuals.

In step 50, the residual doing DCT
transform and quantization.

In step 60, the residual entropy coding
coefficients do.

In step 70, the entropy coding results in
accordance with the requirements of the
code stream format output. in the above
steps 40-70, the execution of the step
has a similar implementation in existing
H.264 intra chrominance prediction
encoding method, and wherein the
specific implementation techniques are
also prior art, Thus, not described in
detail.

The use of the method of the present
embodiment, since the prediction mode
of the luminance component can be a
unique mapping of chroma prediction

http://pdf9.patentorder.com/pdf/MTCN 1784015 hthi33 10/17/2017
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mode, the decoding side and therefore
preclude the use of the same post-
selection strategy, as long as the end of
the encoding of the prediction mode of
the luminance component encoding,
decoding side of the luminance
component decoding prediction modes,
you can correspond directly to the
corresponding chrominance component
prediction mode, spatial prediction mode
without having to encode and decode the
chroma component operations, thereby
further reducing the complexity of the
codec degree.
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HEESEFPEALEE 1 AXRTMNEXEZ TR ERE 1 AHW
REBAERTER, LCELFFPEALRE 2 A HTMARXRZ TR
Fo Lk 2 AHFARNEBRERTR, ECESEXEZ 4 4: 4 HLT,
A LEMANEHEABEFTHLAREHSEPERA LAR 1 AFHARKX
RETHRF LA 1 AXRTARBERERTROETRD,

IRTERBA TR LAEFEFTEALAEZHBBRAF T $42
Vi€ A RAAHIE, EAEATEREA.

10.—FEFH BB/ BAF E, UKFEHEBRETHARANLETE
WAL, ZEFSHBBRBAT ENFEET, 14

stFE5MANEFHBABRIETHEESRXE 4: 2: 0K 4: 2: 2 08
EESEHLGEFTHIETLEZE 1EHELHAE 1 EFHER TR,

stEFEHE¥MANZFHB/AETHEEERNAL 4: 2: 0 4: 2: 28
CEHDBTHENESTOEARARZE 2EHRELENE 2EHBLRA TR,

st LR B 1EFHRANTRAZNE 1EHNFERITTERGD
6T XK %A IR,

ARELRE 1 EHFELEALERE 1 IFANBRYGE 1| EFHAMEF
K,

ARIE LIRS 2 B HMEEAEARS 2 AITARNBRAGE 2 EH4MET
IR;

st FMEH LAS 1AM BBRR ERF 2 AR EBREBMANIES

7
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BBETHAATEGESEFRFTHESRINTANREES, #AL
BRGAH SR,

ARESE LRBABEHBRETHEEAXFRXGEHNET, £
CHEBXA4: 2: 0K 4 2: 289HALT, ELERBRAEZFHEB/ET
EELSETEALAZ 1 EZFHHXRANTRA LRF 1 ESHIMET IR,
BEECEHTPERALARF 2858 RN TR LR R 2B FHF4METIK,
EEEHRXRZ4: 4 a9FALT, ELRBHANEHARETHLHNE
HEPEALEF 1 EFHHARN TR LRF 1EFHIMETRAHEATSH
A,

LRTERBET R LARHETEHLEEGHBBRFFEML
PR M RAAKE, ERFARTERIA.

11.—FFESH B BB F sk, ANBFEDHBAREFTHITT ESH
G R AN, HFTEFBRETHRD, HESHBRBELT
ERRAELT, &

FHEHBABRETHEESENZ 4 2: 0K 4: 2: 2HETA
LERLEHEESTLHEFARS 1 AHTRBERGSE 1 ARTR BB E R
FIR;

NFHEFHBBRMETHERBRXA4: 2: 03 4 2: 2HHEE
FEHEHETHFERS 2 AFTR BB S 2 ARTAR B R E R
VB,

MERBANFR, BRTREEHDTHEGFBHRETHER
XA KW EERXRANELCRBAHAEHBRAFFIEILGEE, B
AR Z B EAAKRINE L, AERELSFBMANILE R, AP
Rt e LR 1 ARTR BReERPEAGE 1 AHRBRAX R
ELFRZ 2 ARFTRBBRGERFEAGE 2 AFTNHBXE LR R
1 AR EERR LR 2 ARFAR BRI GTARNREFETHRATT
KRB TR IR TE KRBT IR;

st EIRBILABBBEHRTREHR-AESR, BAHRMAREET
HRRREFETHEB TR,
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ARAE LR EFEHRKARINEEL, EEELRNA 4 2: 0K 4: 2: 2
HHERALT, RELEE 1 AXRTARBRERTEA LAF 1 AFRTR
BXAEREESTHAXRTRER, RELEF 2 AFRTR B R E R
PHALRE 2 ARFRARKXAERCES EYAFTRNABKR, £ER
XA 4 4 AHHERLT, RELEAF 1 AFTRNBRERT R L
RE1ARFAEX, A ReHeEes-FHANFTARNEBKR, BT HF
A RMA B BA LEFRRREFTHRATRAGE L4040, FEF
BR1E 5 AT,

12.—FEFHBBRBAFE, ANKFEHBRLSTHATT EE
BALby s R A A, RHATEHBRETHRBL, HEHERELS
HE A EE T, L&

SNFHESHBBAEFHEEAXR4: 2: 0K 4: 2: 2869 RE
HERLEHESLSELAARL 1 AIRANBBRGE 1 EFHAMEFIK;

stFHEFHBABETHEEAXL 4 2: 0K 4: 2: 20HEE
SEALEHESTHIEEARS 2 (AR BREGF 2 EFHAMEFTIRK;

MERB AR, A TREERATHEFHBRETHERE
#H XAk oy & EAKRFNEERAHEHBRFFNLI564F L, FE
AR EEBKRINEE, AERLELESTEANLIER, MFRF
Az AELAE 1 ARNBRYERTRAGE 1EFHF LR ELR
B2 FRBGEGERTRAVE 2EFHEESL LRE 1 TR EK
RERZE 2 FAMNB BN ATARNREFETHATTEREBGELR
BB AR 00T KRR A B IR

s LR FAABKBHTRENR R L, BAHTRRERET
HFRREEFTRATR, |

AR LR EEMRXRINEEL, AEEEBRL 4: 2 0K 4: 2: 2
ELT, R\ ERFE 1EFHFEERLER 2 EFHE & W BB,
RIFELEAZ 1 EZHAMET ERALRF 1EFHFEERTELS TG R
MBI, R\ LEE 2EHIAMETRFLABZ 2EFHFLERECES
FWE AR B, EEERXZE 4 4 d9FRALT, RBLERF 18
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HAMET R LRE 1 EFHRE, LRLHESEHNTMNBR, &
it Fe A7 4% 3] o4 A T B A A LA TR 245 5 B A F R AT Am,
*tiE 5 B RAF 5 HATRRA .

10
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ZHBRRG, BEARE
ABREFHBRBAD . BT

FR AR AR,

AEATRLEBBRAEZEHBBEAREE B REBEERBELFT
BRAMBTERESREBEE. KFTEARFTRDEE. KFBARE
FHRAT EARK T BB THRAT k.

FERHEAR

#47, £ MPEG A& ITU - T H.26x ¥ B FRAFEBBRRBADF X
( #i4e 1 “Information Technology Coding of Audio — Visual Objects
Part10: Advanced Video Coding”, ISO /IEC 14496 - 10, 20031 :
AT, FRAEFHLEK 1) b, Z2UEAKRA 4 2: 0 B X5 AE
T AT TR KX AR, FTiF 4: 2: 0 24 RGB ¥ HEEFHH
BESTERATESE (YY) BAANEL45FE (Cb, Cr), KF-£H
HEE LS5 ENMHEENRITELSEN—FOHX (B23). &£
S ELHRBESEALE G TRATAME, BIERE G ERFEBR
%GR Y, TREBNEXHBITHAZIITHITE L5 TG
(downsample) , TRV HAN G RELE. B, £ EBEH
BRFNOALGFOBBRHAF, AHLRAREREFTEFR Cb,
Cr 9 EMMHAIRESE—FW 40 2: 2 %K. Gk, 157 H
HESHELETEHME, 54 2: 0BXMLK, EFAMG. H—
FE, FEEEFRGAFARTENRZLSHE. EREFER, LA
RARREES5FRATRGI, BRE TESEAF BB AITHRA
HHFEXN. RESEFECELSFASHEB GIHALMGEXNAN 4. 4: 4
HX. OFRAG 4: 2: 0BXUNEEHFHEHEL TR, B
T Y. Cb. Cr BAMEEZRZL, HFRIF, £ 4: 4: 4 BX

11
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, HFEEHSFX R B HHLGREI, BHKRT Y. Cb. Cr ¥4
sh, RS EEEAR. G. B, AFAALECENEZMEL. A4
4: 4: 4 BXAN AP HRBREF X, A  Woo - Shik Kim, Dae -
Sung Cho, and Hyun Mun Kim, “INTER - PLANE PREDICTION
FOR RGB VIDEO CODING?”, ICIP 2004, October 2004.1 (¥ATF,
FRAIEFFILHK 2) F.

[ 3% #}L# 1] “Information Technology Coding of Audio -
Visual Objects Partl0: Advanced Video Coding”, ISO / IEC 14496
-10, 2003

[ 3% #) L #k 2] Woo - Shik Kim, Dae - Sung Cho, and Hyun
Mun Kim, “INTER - PLANE PREDICTION FOR RGB VIDEO
CODING”, ICIP 2004, October 2004

AEEALK L Pl AVC 8 4: 2: 0B XAHRGT R F 4

2: 0% (profile) ¥, £ HFRESF 1616 REMANERERT,
SR G EH5FRA Ch. Cr & 8x8ME 3. £F 4: 2: 0 % (profile)
W 4R FHAMETA b, £ B E AR FRESERNEFHIMETR &
B RTAEEL. EFRAFRAGLEEBBREL. EHFANRMIES

kB8, CESFRA L EELS TG QME LHTEFHIMETR.
a4 2: 0#XY, LABBOHERFREYILFLRNICRE (REL
M) BRESE, AEALBEE TR E L5 F9E G THMRK, 2T
FHBBARLTRDEIBGEETRNEX L4 E, LidFH4: 2: 0K
(profile) ¥FRM - SHALZ LKA 4: 2: 0 X GG M AT IR T 42 A%
8., B—F@E, £4: 4: 4 #BXF, INESTERFRRFKELH
18, ARERATIADEHARTABRX . £5BHRELARES
& FAE G HATE FHAMET R 69 F X R ee LA BRAZT 5 oh M e KA,
EAEECHERFRTHN 4: 4 4B XF—EARZRENTARFiE. X
B, FR4: 2: OBXIMNANBEFIRXNEUL 4 4 aBRXATR
Hemy X, ATHAREKRBUETRERE, EHDLFRT S
BAFHIEEGRZLLTRE, Afh THRESEENTFARXLE

12
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BYREBRTRBERBREE, BERALBMEAEN TERXMEF
HH AN EH, AELESEMME LA,

ZHAARE

B, RAPHEHLETFRLAENFTE 4: 2: 0 HBXF Y. Cb,
Cr ZHIPEATHILIERAE 4: 4: 4 BXTFHEKESFZREA M
MR AETACGTZANEXTER A9 EGBRIETHIL
BRI LR RAERT VAR BAET &%,

AR EHERESTHBARITERHBYEHBRELE
Ed, B4 S TFEMAZHABRMEFTHEAEINZ4: 2: 04 2:
P EELSEHENETSERAAFTAMNANE 1 ARTRHEX %
ZH;, A FEHNEFHERETHERLSLXNL4: 2: 0R4: 2: 28
HEELERLENOESTLHERFTARTNGE 2 ARTARNEKNEZE
i A LEE 1 AFRFARXRZHRAZNHNE 1 AFRBTARANE
FiEZ 2 AHRTMEX A ZFRALGF 2 ANRTARREXLTTEKE
AT R KA, R\ LR 1 ARFTREXERS 1 ARTAAE
B E 1 ASTARESE AR, R\ LEAE 2 AFRTAEXNERSR 2
AETAR BB E 2 ARTRBEERK; sSTFHEAHALRE 1 AHH
MEERERE 2 AT EREGANESHBRME T AT ALY ES
FEFHESRINYTRREMGT, T ERKBADGRAAIR, RiEL
h PR ANEFHBABETHEERXFLYGEMNET, EEEEXR
4: 2: 03k 4: 2: 2H9HALT, ELABNEFGHBRFETHEELSE
diE A LEE 1 ARTARBEXREZRfF ERE 1 AR BERER
¥, LEELSEFEALAR 2 AHFFRAEKXN R 2 Hf LRF 2 AR
FREEERE, EEEARZ 4 4: a¥EALT, ELAMANES
BEETHLNELETERA LA 1 AFTARMEXNRZHP LES
1 AR BRLE RFmiT4Ha, LETRERKAGLRE LEEFE
EHhHEEHBRAINEEPERAGHBOHE, ELFRTSHBE
A .

13
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sFF4: 2: 0. 4: 2: 2. 4: 4: AFEAREEESX, 8 EA
ARG EEHEMGE— BT RD R, LB REVRGABHEENRE

B B 0 9A

B1EARKFTAS. Bh. . ERHXANHIHLARB,

B2RARTEESALEYGHAR.

BI3RARTHRIGHALENHAR.

BA4RATEABES 1 PHELREINEMGIER.

B s EETRIE NN TR (N=48) 95LAH.

B o6 RATAHIH 16x16 WA HHIEHE.

B72%74: 2: 0/4: 2: 2Cb/Cr Vﬂ‘l‘i‘ﬁ?ﬂﬂ%v{ﬂﬂ@

B 8RATERME[MHAE.

WoORET4: 2: 0/4: 2: 2Y, 4: 4: 4 BFHiMEFABARAE
RAEHAHIAE.

B 10 £&F 4: 2: 0/4: 2: 2Cb / Cr EFHAMETRR B R4 &
e HLEAE .

B112&F4: 2: 0, 4: 2: 2Y AR ELHALENHLAR.

B122%7F4: 2; 0AK 4: 2: 24 Cb/ Cr MBZKELL L
EHHAE.

B 13 2R TR 30 LA HE.

B 14 BRTFHHEWGIHLAB,

A1SART4: 4: A ERFBRLGHRARGHLAR.

B16 RATEABES 1 PTHBAREIENLEMHIER.

B 17 A FTEKBGRGERE (layer) AL EGHLAE .

18 RRXFTAECb/Cr 5 F T, 5 &ERLXAXEGAFHA
ey LA B .

H19RKTFTECH/Cr5ET, §EESXAASEZE MC &7
oG ILAHE.

14
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i

W+ ZE5/28W

B 20 BAT4: 2: 0, 4: 2: 2Y, 4: 4: 4 BRAREBELE
& 5L B .

W21 RET4: 2: 0vAK 4: 2: 28 Cb/ Cr IR KR LML
ey E.

B2RAATCIOEAECQL - ENTRARLBERGARLEMHN
LA B .

B 23 RATHNGHLAH,

@Rz E A RN

LI L2NT

S S Y S S S e . T T o
- O O 0 NN N hAWN= O

& EH X RHNE L

3k F) AL -2k 3 4 7GR A 4E &

BMAYBRLET
1A B bh 3G T E &

CO & A SR TR HBEX 52 2 IR
C1/ C2 5F W S F AR X, 3 2 ¥
CO 2-F A ST B 1R 4 A
C1/ C2 4 A H TR B 154 &3

CO 2515 3h M) 8F

: C1/ C2 4-&i2 FHA |3
: CO Fi& g) AMESR

: C1/ C2 4-FiE 3hFME
. AR

: S AGAE X i I

: SRABEX

© AMESR

AR ERET

: CO 2 FFAN & £ % A3
. Cl1 2~ M 3R £ % 743
. C2 A E TR 5L %A
.22, 23 FhOAHEE

15
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24: CO 2 EAHIMAAR, CO TR K LM
25: Cl1 9B AH¥FRMAI, ClHETRKEMLEH
26: C2 A EAHBAR, C2 45 ETN K LMD
27: TR KA

28: kiR K B

29: ITHMEE

30: L4

31: AR THFE

32: EHEK

33: E5FRANFE

34: TR B%E

100: CO 4-F A SRR X

101: C1/C2 5 EAFTMAREKX

102: Y £ FHEFHE L&

103: Cb/Cr S EHEFHFE &

104: TR TIHFTHEE

200: T &K K g AL

201: PIAAEE

202: ATHHESE

FLAREK 7 X

RHEHLE1

EAERBELF, REUE (Y, Cb, Cr) &EMHE F 234 4:
2: 0. 4: 2: 256 EF#X (chroma format) #)HBEAEFUARE (R,
G, B). (Y, Ch, Cr), (X, Y, Z)FEZRPENG4: 4: 4
CER X BERE T HE—NHEANSTHRSE S AR
BAEE, ARG ERBERLERGBAILKERAEN, BEHER
EEHMRAER., EAEBEHLAF, INESEEHRA (CO, C1,
C2) &, 4: 2: 0. 4: 2: 2 EEAXKE CO 5FRA Y 4F,

16
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ClH4ERACObHE, C2HFNAHCrH5E.

ARHHBE1 FPHREEEwB 1 FF, A KB ot ¥ 445
AMAEZHELEZL N EEE (AEHRHE R ) Gt FHERR
BRIEST AN, U FHFE R G EKEZLEKLF T

(sequence) . FF| At E AHZFAEA 44 (GOP) . GOP £4&
IEMAEE 8 GOP % FF % 6848 RIRM T K€ 89 GOP mPATHE AL, IRiE
st F- bb 4 6 AL B XA e R P AR . B R SR B AR A K
¥ (macroblock ) #JEF 3k, VARG ELE AT LR -FHLHE
HAITHBRER., B, WILETEIARRGELMASR (slice) . A
Rt E RE Y E R IMH T BB BHKELE, Eflinie
HDTV A LA 5o HE NP RETHAARNLAEN, ALHTAH
SEl, HATHIES B RAT R R R AR AT ], B A R
B HABBARILFRGE LT, BFEEAR ARG Y IR,
fRA BRI, LB AT—A R RIS EHBALEXHGA
R AA, — &, ERAAER, A TFRESEAANAT H48BR GE
E ARG TR E, B K EAN G AEEARK, 22857
A2 F AT G R B 5T T4 R 69 o bk F XA g 45 4.

4: 2: 0. 4: 2: 2. 4: 4: 4 WBEERBRXGESER 23 ¥
XA W=H=16 t4&3k. T AEHRGFLER TR -TR-F/
A EFHATHEESE, BEdF AT B I (multiplex ) #5833k
RS EXB G HFEEMR. —FEFMNEXNFESH ARG
&, AT ERLGEAKEIHNEYRET AL RAEHAMEE (side
information ) #9#F%, EMEARAE AT (header) . F—F =2
BREZHINEL, ERXEZXRBES1 P, RAEABYPRMETIHEA
ARE T AT EHATTHR-TH-FAHLERFIGTARES
SHEEHKIE, BTFTARERAKFLTHUHEXRR, BIRASHKA
AR BBIE.

AE, 781 MikE 136 3 ANE5 125 AR 6 ESAFMEAT
BAMLAERA T AFHALE L, ol WMRH 1HYINEFTER

17

1151



200810002959. 3 o B HE8/281

AN BRELGERAFAFBATRAGEEIRY T BRI KALEL ., F
#, LMK 1HE 3IANAESERTH A LR QL RFEETT %
AL AR BRKEGAELA rERBALE T, F-A1M
18 3ANEERFTHA LA E 69 ERARMIATT D0 1bh
IR BESE R Eieh Bt E .l KEAEHBES1HER
MEFEINTF 4 4: 4 EEB/RXNHIET, BRHRBRAFHATIRIERLF
B BB AR AR ARERIGALEG R RLITHE, EX
FlBmatEd, 1 MK 1 FYINAEHELEZARLIABR, &
FHLET INECHTENHXAER (B2) . ZEURRERENHL
B, BINAELEMRACO. C1l. C245F. H—F\, ERIRDB
4EE, 1K1 HHBARETSBRINETE, aREX
AHBL, EBASEAGRE—ESEMRNEZR (B 3) . 7,
BAERBABLEYT LG EHREIE CO. Cl. C2H INEL TN
M (BRE), AN G E T R ERALELTE CO XA C1 3A
CLHEFHE—ANSENRE (BE) . A5 ALEBS1 PR
EEsTF 4: 2: 0. 4: 2: 208 EEAK, HEEAE2GEREZL, £
AL r £ RKBAKE !, rRFBLLE ) AL RALE,
<HABEE>
BA4xAFTAEABS 1 HWEBEIGEM. AT, BEIRAFR
3t R M ABRE T &R XGEEHAHEEEKRANEL 1,
ETAREARBLAFNHARENHADTRFTREBR L AL E
84 45 0 o TR AAE B AR 3L Fl A -3k 3 4 AR A 1E & 2.
BAGBREST I EARBEECESXRNEE 1. AR RS ZEILR
AR RE L 2, HEAE 2 B 3 HE—ANEREE, REBEANHRS
74 (intra only encoding) # =15 & 4, HATAFRMAKLE (COoF
AEMFIRAREXELEZER S, C1/C2 S FAFRFTARMBXAZSR 6, COH
FAHRTRNBB/ERF T, CL/C2HaEANTREBEMBRERFE) , &
SHAME TR AL (CO HFEFH BRI 9, C1/ C2 £ FEFH AR 10,
CO HEiEHAMER 11, C1/C2 HFiEFHAMER 12) , BFLEXNHE

18
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BB AT G AR AR R IF O FARBEX (HRABRXLFR 14) , TR
BESITER-BL (CO 2 EFNAL%HAIH 18, C1 SFEFTMNAE
BB 19, C2HEFMNALLEAI;20) , RFARARXRAEHREE
ENIEEFR BT HERAKBTTERSEA, £ ARLKFR 30 (T
KERGAHK 27) . B, AEBAREFLTHERAK (COSER
B 24, C1 K EBHIFMAIHR 25, C2 5 ERNRMANR26) , &
itdeih 15 B SAREA L BRLEF I TR BRADI, 15253 EA
Bg, ERBEEERARATHHAAEELAGRARAF RN SR
( deblocking ) Bk (AR EBIH28) LB, AT ERSHRAL
Ehip A, REAINMAMSE 13 UAR/ AHFTHAME (line memory)
9%, ERANBBIEFELEIBT AEHRAFLED ) HELT,

RIATFE B AMETAR L 2R, APMATA SRR AL E,

VAT, st FHEH AR EHH S 1 HHFIERE EEAXRANEE 1.
EFIBA IS B ARANEE 2. RAFRAEAITELE 4 FHRALEY
B R FFRLLE., EFHiAMEFTARALE, FARNAREZLHBLE, TEK
oK (ARMEH R L RBIG B REN) AR @,

(1) AR L ZE

RAEFRMNLEGE 445 COFTAFTMARKRZARS5.C1/C2
HERFARBEX R ZIH 6. COLF AR EBMBRAE RN 7. C1/C2
o W SR TR B4R AR 8 AT

EEEHKXZ4: 2: 0. 4: 2: 2HHAT, YHENETEH CO
SEAHFREXAZER S RE CO TR ETMARX 100, X LA
Bk A XA A 4x4 FARAEX . A3 8x8 FAARX. A 16x16
FRMAEX 4§ 3 F. £ F A 4x4 FARAEXF A3 8x8 FIRARX, F&X
BHFHd axd BERE xS B EMARG B, B 5 ATT, FHE—A
B HATER THAELAEFREHZRARR, ETANFTEGRFFT X
A oA, sHER 9 AT eI —AFr kAT, A AR BRARK &9 T
RXphhiz bz —, EBSEH P LR 44 B EETRT RN
Bk, ALTHEGBEEARA TARATRNBROSERE. FTART

19
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BEBE T TRRMEF £ H Rt A . Mode2 R F 18 F 49 -F HE4EH
FRAE., B S AF 4x4 B 4)F, @st-F 8x8 B E AP T XA F
X, EL#HFRLFINFTGRGEZR TR, 5 FRABEHRGHR
BB A S BN (texture ) BH F B ReIMiELE &AL B HATH KT
D118

B AR My k. HEEA 16x16 BTN ABEX,
A A 16x16 MAEX (B 6) . XMFILT, BLEFHO6ATH
4 FERRARMT H, X—EEAXTHEPFENBREBRARS A
18 &R FH TR B R G X A A K,

KXFCb. Cro¥®E, BCI/C2Ho0FAHFRBEXAETIHG6, *&
EHEYHERILNGCL/C2HERAFTRMMEKX 101 (&5 C1. C2 4
A ARt XA 101a. 101b. F b, £ 4: 2: 0. 4: 2: 2 8,
101a. 101b #¢4ARABE 6918, IE—F AT ATH I BIA . £BD
BrieMaT MIEIEEZ A 101a. 101b. ). B 7&F 4: 2: 0. 4: 2:
2 BESARITERBiLEFEN Ch. CroEHARTRAEX., B 7TRA
T4 2: 0XEHE, B4 2: 2 HRXELEAHMBHEXN. £ 4
AEEXF, I4F moded £ Cb. Cr 9240 K&K (4: 2: 0 891F A
TR SxSGEESR, 4: 2: 2HHEATASI6GEIR) 58 H 4x4 3k,
VA 4x4 B F 4L AT R A B B &-F AT R . Flde, 5 T A EF & ax4
B, XK a ERx WL SAMMREHITEY, R FaR x4
MEFRITRHGE —ANMEAAEHTARE. X T Model. 2.3 5H 5,
B 6AF, RABRAFEHMAERERARN., £4: 2: 0. 4: 2: 2 &E
XT, BRSEBLEHMFRELAFTEILEAN Y S E, XTHEHE
ESERFH Cb. Cr 2 ERRABBRGHERELE. Af, AXHH
5 6 TR ) AL X HEAT A B Fm.

EEEMHMXZE4: 41 4HERLT, CO. Cl. C2HEHFERAE
ZHAY.Cb. Cr, £R. G. BEELZEHA Y, ELEHFFTLRIFSY
S EHEGBRMEFE, Bk ERARFEGT T Cb. Cr 4 E 69T
R, Aot REFINASHTARNKE, Bk, ERZHAEES 1 955

20
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REY, ECEAEXRA 4 40 4HHRLT, CO. C1. C2HHTET
5 COLSEHAFRTFRMAEXEZIH S AMLHGLELAFRTRARX i
B, PEARNH, ELARLABRIGBARAINELE2ATIXRLSAL
FIHEALT, AERHE—AFRTREALTA CO. C1. C2 5
F.53—F8, AERHABRIBARINEELE 22 ATI RIHAALE
LT, sF Co. Cl. C2 4%, ALK E ) AFMMABEX AT
R, B, BEESAXRA4: 4: A M ARXF LD IHGRNEEL 2
BT T RBBRALE LT, CO0. Cl. C2 HFEHU CO 4 F
AFRFARAEX 100 #£/FAHTARN., AEEEAXLZ 4 4 AR BEFSH
AR T AR AL 2 AT R L HALE ) HHELT, C1. C24
EREFEAB S HREB 6 ATHE CO S EFAATEGARTAAMRLT
CORERENCL/C2HEARAFRTARNMEKX 101a.101b #HAT A F{H A,
EBHANHRAMBEENER Y, EEEAXNLZ 4 4: aREBERSH
Ak AL RHAIEE 2 AT TR FIRALE I HIFLT, COoER
COSEFARTREX kZIH S5 AEZTMAENX, C1. C2 5 FHLEEA
ECOEFHEAGTAMEKN, KF KA C1/C2 2 EAFFRMEX
REEH 6, 5FF CO0. Cl. C2HFIAFERE—ANRAHRMELE—H
NEFARNEX, AEEHXEL 4 4: s M EBEER KA BRI FHARNE
&2 AT I IBALE I HHERLT, CoaEd Co4FAFMAIAK
KXAERZHR S REZFRMBEX, Cl. C2 5FdE C1/C2 S FAIFTMAIAE
KAZE 6, HA LIk ERMANHAIFTRBEX,
EFAGARTANLESY, RASZREGFBREMSLMLER
K LA RBRGAHTBABRME. B, FeEIHEHN Co 5 EThHHM
A 24, Cl HFHMMAIH 25. C2 o EHIMAI 26 KT 09 5
FRAATAKLEET 170 5TAR B 34 ABmIFB) ) 52k iR KL AT
B EARFGEAHEME29F, EAFTRFEA,
RAEBIEA LA FRRZGEESFHARTABEX, £ C0 5
FARFRBB/ERRE 7. C1/C2 2 FAFRTAN BEE RS 8 Tt
AR BRGER. XF COHSFAFTRBARERIRRT. C1/C2 5
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200810002959. 3 W o B F12/28m|

FANTARNERERSR 8, WTEBRLSEEFTLEALRGSES, B
st m ShE ARG E — MG P RIE,

(2) EEFHAMETAR K2

BHIAMER AL EGE 4 4 CO S FEFHEMIFE 9. C1/C2 &
FEFHKEAIN 10. CO S FEFHAMER 11. C1/ C2 5 FIEFHFMEEH
12 # 47,

EEEHAKXA4: 2: 0. 4: 2: 2HHFRLT, YHEHESTEH CO
HEBFHARE 9 KRB FHEE. BEHEF L ECLFEHE AR FEA K
HAEVAMSE 13 6 1 KA ERF BEHE T GBARF BRYG A
BB ET] (index) . EARAFBBRESN BT HAZ BB FERN WA
HhiE.

ECORNEEHHRIR O+, NRELVHMHE 13 P& G4t
ZERSEBREKEFPLEELSTEER, AERNWELHBITNTFYSE
HiEFHAMETRILE, EMAMSE 137, BAYITRE L Rk 2
Aatzl, REZHRAZFBREIE, WX EHIEFT ARG 2SR FR
65 E BREATESTR. A& 7R RN KGHRITESHAMERR 4
5693 Rt, BAEEREASAF, =B 8 (a) 3 (d) AFT, &
16x16. 16x8. 8x16. 8x8 &4 X —F R+, #tMm, AiL#ET 8x8 &4tF
LT, BEA8x83F, 4oHE 8 (e) 2| (h) AT, &£F 8§x8. 8x4.
48, 4x4 WYX —FF R+, 2 -FH 8 4T A RF —H R T, FHR
+. MEHEELABNEHEEUARTHAG 1 KA LHREEIK,
BB —NERPATEHAMER ML E, FE Y S5 ENESHE L (EF)
KEABALZBMHEF) 102. £F Cb. Cr5TLH Y 5 EFMRA, 14
RAEEZBRHEES, AIAYS>EHEHAE, RCb/CroEHEHE
& 103 (B4R 3F, &5 Y #2 Cb. Cr éydbffrbig i, #47 Y 5 F 4
EHRFHEILHIGE L (scaling) RRE) . ZABECI/C2 5F
iE AP AR 10 F #H AT,

5 o, B SRR P IRYEYE S AMETI R B BAR LR B AEIEF)
AMEIR P A RO TR BBRGERFTEEY S EFCOb.Cr S ETHA
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200810002959. 3 #w o B FH13/28m

AT & RFE.

(2F Y 4 F, RARAELHRLHBHANINGLBEEABRE (LT, &
HEHBE)ILE, MBS ABLBETEITEEHAELREZ
REgF 2 1 /2 RECEIXEEH 1/2BRFINGFEN 1/41%
FHEQGBRE, ATABRGERTRA. BIRTEHKRAL. B9 P,
HTHREA1/2BRFLEGEEME, RALAR 6 MrEIRSHHE
%3 A 3 (interpolation ) 8%, FEMGEE/MA. HTHRI1/4K %4
EWBEME RARB 2ANMMEERSEBERTFFHLBGE LA EHF
BREAL., BEHRER1 /4 BREHEAHEEER. HITE, £ Cb.
Cr &) TR BKERT, =B 10 A5, X F4EHh a5 A48 5 69
Y EWNEHRTHERFIANEDHRERTHRETLE NGB EE,
ML L 4 AL B GG PR E 0GR BB AL B R 8] FE B ARST B ¢ A
MEMAIFELEBRY.

EEE#XZ4: 4: 4 HFLT, CO. Cl. C2HELFXAK
BZ¥% Y. Cbs Cr, £R. G. BFEZENAF, EZELFLERFSE
YHEARLEGBBRMERE, Bk LRAHHT Cb. Cr 2EH
FREEERFTEPT, ANREFIA LSO TRIKE, Bk, EAARK
BRI HGRBEEY, ECEAXA 4 4: 4 HEALT, 5 CO.
Cl. C2—#&, #f7AF5H COHgEFEZFHEAIF I AR CO 4 E&E S 4t
1238 11 ABL A EHTFARBRIR AT BRGER, FRIEHE
&, PR, EXARHAMIHARNZE2 AT I LXEHEL
21 HHELT, £C0. Cl. C2HERAFHB—HEFHEEL 102, 4o
E o4 2: 0. 4 2: 2 YR TAHLEREIN AN ESENEFH K
TAERCH S EFPERANIHEITEILPIERHLE, F—FFH, A%
Bl %A ik s it AfE &2 AT M I BALE I HEILT, 14 CO.
Cl. C2 45F¥x, RERMNIEFHEL. ER IR BEIHEM T,
EEEARNR4: 4: A AP RADIEIHAGIRINIEEL 2 KT TR
G L KERLT, COEdH COSTEFHERANRIARZ COHF
EHIEE 102, Cl. C2 A FHLHEEA CO 5 FEFHELIAEHA CI1
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200810002959. 3 W W B FH14/28m

/ C2 H-FEFHME 10, 2T CO0. Cl. C2 HFTE HER T —NAK
ABRAAEGE—HEHEE 102, EEEK XN 4:4: 4 M AL %G IR
FTHABRANFE 2R T I RIGBHLE I 4HEILT, CO5EH COH
FEFHA R 9 RE COFiEFHFE 102, C1. C2H5EFHC1/C2
S FEFH AR 10 55 E e X K IEWGEFHIEE 103a. 103D,

ARFEFEA LA L BRREHEINESETHNEFHIELECOHTFIE
FHAMEER 11. C1/ C2 £ FiEFH4MERR 12 P TR M BB 69 &£ A,
XTF COEFEFAMER 11. C1/ C2 - EEFHAMEIN 12, ERBE
EvLaALR AR, Al tmhEERAET —MeysLe P
AL,

(3) MR EHRBLE

B R A K LTI 14 RMEA A L AT ARG 4 RFZ
) RAL B RS TURBER R AL AR B 1%, AR R IESHAMET R 4 B 44
LERRENGRENEFHEELE (BFHLE. RFBARET]) AELTARNE
%, BERENHBDEX 15. REBAEKX 15 ZAFFR, 0 b K
EE 16 BREAVBET 3 HREAFNRTR TR BIRZ)E 85 £ 4,
FETRAEFT 172, wRHABEX 15 ZESHAMETR, 0 & Bk
B 16 BAYRIEZT 3 HARBEFHAMEFTR G TR BRI 49 £ 5,
FE TR AR LEES 17a.

FriF 2|6 R AR £455 17a &1 CO T AR AL LA 18. C1
SEFTRARELHAR 19, C2 S FFRAK L %A 20 #/T7EHKR-F1L
mEHFEEEE., £ Cl S ETRNRLLKAEIE 19. C2 S FFTAARE
G320 7, RBERENRENEE 1. (B RS IR HAGIRFIE
&2, B FCl1/ C2HaEHLE.

STAEGESXZE 4: 2: 0. 4: 2: 2B Y S EAREERRXE
4: 4: 4G COLE, ECOSETRMALELHAIR 18 ¥, #H/TH 11
ATHRMNAREGALE, KA&EY, 4, ARDEX 15 L4
T AR 8x8 FMARK, RF VL 8x8 L (G IeTFAR K £15F 17a #H47%
BEBRGEXGELT, AFRE AT 4 58] T 64 8x8 oy B3t
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200810002959. 3 W W B FH15/28m|

ITREME B, HATENEFHRSIK 32 W EALE, [F2F40E HEE
21. ERABEKX 15 LRI HRLT, &L dx4 BT HITEY
Tk, BE, EHAEX 15 A 16x16 AR HHIALT, RIC
BB 4x4 R LTHRAKSY DC 5 EHMR 4x4 3k, KHAFAD
(Hadamard) . stF DC &, MM EA D TR A BKIFAHEN
TR AM 32 6B, HAM dxd Hedh 15N AC T2 #H AT EFHL
H, ERAEX 15 RZAAH 16x16 FAREXGHALT, sHF 16 A%
P A HE R HATEN TR 32 e E1AE,

stFEEHRXRE 4 2: 0. 4: 2: 2804 Ch EUAREFHKX
£ 4: 4: 4T C1 5F, E Cl - EWARE LA 19 P #TH R
REGALE, Xat, EEEEXAZ 4: 2: 0. 4: 2: 2 HHFALT.,
EB 1R2ATHLEY, EEEARXR4: 4. 49T, EB 11 K
THLEY, HAANKRLZLHA, BRUATRCREESXR 4 2;
0. 4: 2: 2EFHIAE, ARLE Y RRMEBEKX 15, FBEBE Cb
SERFTHENZF) axa SeP TS EH, HAENFLRK 32 HE
A2, FEFABEKIE 22. B, A 4x4 B HATRHK T,
Bk, LEZ4x4HDCHE, MR 223k (EEAXAZ 4 2: 0
BF) KA 2x43%k (EEMHBKXA4: 2 28F) , KAMABER, 5FF
DC 4%, st AL TR AT ENELLLK 32 9 F1L, FR
4x4 3ty 15/~ AC T2 AT HNFLAE 32 e T2,

SFEEMKRXRE 4: 2: 0, 4: 2: 2 B8 Cr S FARAREHEAX
4 4: 4K C2H5F, A C2H5ERRANRLELDIR 20 FHAFTER
BRERALE, X, AEEEXE 4. 2: 0, 4: 2: 2 89 LT,
ER 12 ATHEEY, EEEAXRE 4 4 4HHFALT, EZB 11 K
THLEY, HATTRKRELHA, EAHE BT TR KKIE 23,

F, HFEEHLFELNER, AEATRATHAEVL 88 i
1A e (BP, dE0) A4K4) CBP (LB ) 6945 &, %15 &4F
HERBEHBREEZ—, AR PISHRIA. CBP 4 3L4LR
FEEHAXFANEELE L. AR LR HA BRI HBRINEE 2k, #
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200810002959. 3 W o B FH16/28m)

it AR AR E A9 P RGE.

JeiB it A Eeg A AT R 6 F 10 A B AR 21, 22, 23 A EA,
W CO0 5 EAHIFBAIN 24, Cl 5 FAHFBANR 5. C2oELHHFBRA
R 26 FRAHNBATANARLEET. XEHFMRARE THEALHBRA
EENELAR &GRS, Bttt ERDET —Me3tA P
&7 I

(4) TEKGBHLE

ATERKBEI 2T PHEAFFNEAGIFHAE L, MINECEAXR
FIEE 1. AELAD BT RBAARINEE 2. RAFLDLIETEEL 4.
BRRTIE8& 31. A%, ARAFBABIHARINELE 2 AT 11
T AT I LT, IAXFEWNELGALESE R & TN
EXEHELFRANEE, RFBIUEFL, ELERAREHRF LT
REESFRANIFE 33, bk, AFAEE —M, L3R5 &Ly
FOERNESFERABEE. MAEZRBNOEBBEIE, BEARLHE
A 15. AFRTAAAEKX 100101, E 31 & 102-103. FLH 32, &
BBERTHTIAEE 104, EREBKIE 212223 F, BB RELAD
BREHERBR, #HATHBBAD, AERI0OTEIHER. &R 304
LET—ANREANESRGABRFEHRELARE (£ AVC FELHAKH
NAL #7U1L) E#rds.

B 13 AT AR 30 ¢ RIRE . B A S BHATHIE LN F
F) 5 %em (SPS) ¥, 2RI AEEAXNRANEE 1. £RHLAES
LR AR 2. RAFNRLBEETIELE 4. BH/RATIER 31, R %
IR iR 2 O TRAEAECERAAZ4: 4: 4 9HFATRELA
4, ERNEEEBXRANIFTELELIRZ4: 4: aHHFALTEREA. £
EAHB R BT EFENB R 544 (PPS) ¥, $BIARALBAF
KRG BRI 32 YA F. BREABRBEAFUTFTEIRE
A, RFBEEBKRINEE L. RFRLHL BRI HAARINEEL 2 641E,
4@ 14. B 15 AL, HEHBKXKRE.

RFEEEHRNIRANIELE 1, EATERESEXNAZ4: 2: 0. 4: 2: 2
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200810002959. 3 W o B FE17/28m|

HEILT, RAB 14 Ak, B 14 F SH A 478, MB £
EGpAEFE, MBH B ESHFHE, Tx Z x0T THASKHE. X
B, AAR 2 94+, LiehHENEERXGHEY Y. Cb.
Cr R EM R E R %ABHIE, /£ MBH ¥ @5 KGHKX 15 48
BERRME, EERMERATAFHAEXNGHEALT, @€ Co 5
Y 5 AFRTAAIBEKX 100.C1/ C2 B Cb/ Cr 4 F #3%F &5 A M
RN 101. EERAKEEATHL-RELTRAGTLALK 32 ¥,
EERAAXLERTEFHAMETA (A (inter) ) BEXWGHALT, 4
COBP Y 2 FWEZHETE 102 (BEHAREARLFL BB/ LT ) . £E
& BB FH- R TR GBS 32 F.

REFECEBXRANEEL, EATEESLXA 4 4: 4 9HLT,

CARBER R IR T R IRFIE R 2 694E, RA B 15 FRAEA A Mk,

LR RIS Rt T 2 AT T R HALE I 4ELT (B
15A) , W RAEB 2648MF, GiehENE TR XA ILY CO.
Cl. C2 FENREABRNESRGAEIE, £ MBH ¥ @it %48
N 15 BB RRFE, EXEFEAEATANRTARNEXNGHEALT, &
FCO/ClL/C2HMA L ELRHAFRTRMMX 100. EFHA KK
FgEBEENFRAG TSN 32 F. EERFFELTEGHIME
A (18] (inter) ) EX&IHALTFT, @&F CO/C1/C2 A EX
BleYiEZ)E & 102 (BEHAFARLL BB LT ) . LELAKKE
HERERFRAGELEK 32 F.

AEER GBI BARINIEEL 2 AT 1 BRIHBALE ] hiFL
T (B 15B), RREB3IHLEMT, €&Fd Co. C1. C289%—4
EHF (Ck) BREFMRK ERGAKIE., CkHEHIFE Co. C1.
C2HM—NELEAMBWIEL, EHGFEREESFRINFE 33.
£ MBH ¥ L35 R X 15 48 & 649 5 A £, B8 Sefr £ R T A 3R
FRRKXAGHALT, € Ck S EHAFFAMEKX 100. EETHERK
BEQEL-BRELTRAGELAL 32 F, ERIMHALRFEHA
Z2FM (1] (inter) ) X HIEFEALT, &3 Ck 2T HiEFHEE 102
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200810002959. 3 W W 1 F18/28m

(BB ERRSEXEBR KT ). EZTRABKEHETL-LELTR
Ry EREH 32 F.

F, BREFERF, AORETE, ANHEARTHTERLA(E
EEMAXE 4 2: 0. 4: 2: 2 HHATRARATHRRDRLEG T
ATRAIABE, ERARIBALBEHHFEATEAIABL) P
( break ) 893k 4 % ( unique word ) ( AVC #5175 5| # TLEZ &, MPEG
— 2R E KA, MPEG -4 4746 VOP RHAF) .

Bitoh EARAEM AL LA, BPiEAEI 4 2: 0. 4: 2: 2. 4: 4:
4 EEARECEARXN—ABTRALEGHELT, b FRBEAM
BTN . BHEEHARRNERFTHFREHDEENEFX
(semantics) , B EeB R BB EBHREMEAK. A5, B TS
VA — T XL RATR 4: 2: 0. 4: 2: 2. 4: 4: 4 FEZAFAE
B XGYBRBAEKE, ARAZATES 1 HEBE IR E QLR
30 B ERFESARRA GERXGER ERALTHRAZTYMEE
M.

B5h, B4 RABEE T, HANRIBILARBDIETEL 4
P B TE, AR REBIEFEEIRETEAEIRATHAET
EHAMEFR GG BG H) F R TR EBHET, EEETEATE TIAA
WP HELT, MHTRABRETIGAANGE L, RETET
EFAMETAR G BT F G e TR, RBATIHAESTANES (XL
AR BAD) . B, XLEE RBDRANE RS RBER
K., ERHRBAIZFEE 42T T RARANBD I LT, =t
FHRAFBRETIGEA N, LERA X TFESHAMETR o4 0 19 J7 ) £ |
@, BAFAATEEOA-BEZE G FEAREGRD, A NRRLTE
FAEE A AT R K% 27+, R4ZFFISHE L, EAFR 30
hEHREA. i, EVAKER 30 AMAGBAEEY, S
5| RSP LR B AL TR L 4 A, HIAEE, RBIRART
ST LA 30 AT TR ARG, A E#TTRAFRKDHGHFLT,
RIATH BB B E, RBRVRAEEIVEXE. 5 ERAAHR

28

1162



200810002959. 3 W oW B FH19/28m

BAIETRE ART T RIAAFLA ) H{FILT, & FRPAFE A4S
TR, B RBAEARLBREOWMAME 13 BN, @ik
FEM LB Y F-AE B9,

B, MARABBEABRLE T IWEBERTHFE 31 #4548
B, GERTIEL 31 RATHWMABBRATS 3 B A A XM
&, BEAXTREAEMEAGELT, AROCESERFHERGAIK
o9 LrRE, #ATIEHEER RQIEIE ERE $ 9 k. AR,
BERTREE 3 MARTERLEAEN 27 F, TERKEAH 27 R\
BABRTEE3, RECLSERAGESRGNKG LRE, TEKS
IR 27 FAFHLEBTHERGAK, SCSER R ERGINK
X537 LR EFRER, MIAREKEBH G, LA EREHIG H KE
MR BRRTIEE 3 ATEKRKSGAR 27T PRA4ZF 7| K+,
WA RIOFEREA. b, AHMAYBRIET IVEHRTK(F,
FESHEZH)GHFALT, ShAEEREBREINRRGALTIHALE
643, SR AT A K12 S BL.

<MBEEE>

B 16 A TREXRBI1BBEENLM. B 16 YBEEER
FIVALLAER 30 A, REFECSEILFARFYERZLXNRANFE 1
WA RBAARLEH M, 5FNRE EREXNRBEF BB
AR B,

BONEAE R 30 B ABMBATRE KBS (T EKBEADIR 200),
CEZAXARMNEE 1. XF LB BIHAIRNELE 2. XAFHAIE
wAE & 4. BRERTEE 31 F4H L AFH1E S, £F5 B2
AP HEE. B, BRERREEHAXRNFLE 1. AR KHA IR
LR AEE 2 HENE 14. B 159 hHE, B2B3IHE—A4
EMit, EHE—NERBKFEFHITBALE, EEREILGBET,
HHENRBRALT HRAEX 15, #TAFRTARNBEEERLE (CO
SEFEAHRFARNBBEAERRT, C1/C2oFRHTARNEMBRERINKS) -
B FHAMEL E(CO 5 FiE FH4MESR 11, C1 / C2 4 FE S #MEER 12),
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200810002959. 3 W W B FH20/28m|

R TFZERGFANBRGER. F—F 8, BEFTFHAERSE
ABIE — RSB THELABKBERAREN-REHTRL
#, RHAAREET 17T A (COSTHRNARLEMBAR 24, C15F
MR ARLBAGE 25, C2oEFTAMNALMAIN26) . 4, BIM
MEIE 34 5EFARNZREEST 170 BB FRBLEAGL., ERETE
Fo36 T WAL B0 S Ko & 6y P iR B (H3IBIK B3R 28) ¥4
B, ATAEAUENFMNBBRAERLHETEA, RELWMAME 201 24
B/ BEAAHME202 P, ERAHRKRSHTHE4HET IIAKEA
B | BELT, RIAFIEFHAMELE, LIAT A ST B R £ 2
a3,

AT, St FEAAREHHE 1 HFEY. REEEBXRINEL
1. %F B BT HARANELE 2. RAFRKAIETFLE 4 FHAL
EB TERBELE. ARFTARNBRERLE. EFHIMELE.
R AREBAALE, sHHRE@LE,

(1) TEKBALE

Pk 30 BB T R KARAE 200, #HATE 13 847 5%
R EELRAREFG LAY SHLE, AZdET, BHER
BXENEE 1. 2R SABIHDRINEE 2. RANRRBETRE
& a4, BBRRTIEELE 3. AAACESANRARNELELRTR4: 4: 4
EAEAXGHILT, AR 30 PRERLEF LD IR HGRINEE
2, XBAKAERFFIGBDIE T, RFLETERKBDIR 200 & A3
HEBF.

#E, #ITH NAL 240 MA,. d4, REEEAEXRINEE
1AFR4: 4 4 EERXA AR KA BRI HARNELE2EATE
(IR T HALE ) BHELT, e ERNAE 33 B4, RANHW
KOS ST RAKE. BEBITAIFMG B, EANZET
R W SRR A A 6 R

18 B 17 PO K B A IR Y T B 547 AR AL TE 4G IRLAR.
EEBGBEY,
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200810002959. 3 W o B FHE21/28m|

(a) HhwB 14. B 15 A4, b LmARKX 15 48 H o9 £ At
% (B 17 49 mb_type) B,

(b)A& SW1 ¥, 34" mb_type, £ mb_type &7 PCM AKX ( 3
EsE, RBEMERERFATZRIAGHEX) YHEALT, L&A
LA AR E R T OB ERRSVEERELKIE, EREELGBEHL
L3

(¢) £ SW1 ¥ mb_type A& PCM #EX, /£ SW2 4
mb_type, &R VA 8x8 B ¥A T #) R #ATE Sy AME TR 6§ AR X 69 A
T, e 8x8 A FeF & kA% (sub_mb_type) B, fefF—AF
bzt 8 (EH&T-2FBBMKT) BB, REHENE SW4.

(d) £ SW2 ¥ mb_type &5 (c) #4&HF—2, /£ SW3 F¢
- mb_type, 19 (inter) %HAEX T, ATRNEEET 170 X
B R TRk IE Sx8 B AT, o E#HRIRTIHTLE 104 A,
i mieiE 15 LA, AEHEEWHBRAR, REEEENRANEL
1. B BAIET HAIRANIFLE 2, Wk TR RTHRS., REHZAN
3] SW4,

(1) S E&EAXZ4: 2: 03HF4: 2: 28,

PR 65 B 15 BB AL N CO 5 FiE F4E & 102.

(2) BSEEBRXE4: 4: 4. L FHRABLEN, |

BAKEEHIEEMRAHAL CO. Cl. C2 FFFEPEEAMLALNIES
1% & 102. 103.

(3) ZAEEARXE 4: 4: 4. MTHALERN,

JRAD Y EFHIE EBAALEr FRANFE B ATHCRAIET
1% A &4 iE 1% &

(e) £ SW2 ¥ mb_type 5 (¢) #H&FHR—2, /£ SW3 F¢
#- mb_type, 22 P 4x4 TR KA A 4 8x8 MAIEKXHHALT, 4
A ERTRAAEXAT AL, EAFRFARBEXAZ LMD, RIEEES
KRFIEE 1. £ B S IR 5 %A RFE & 2 ok TARMSHATHEA,
REHNE| SW4,
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200810002959. 3 W W B F22/28m|

(1) BEEHRKXZ 4: 2: 0 XFHF4: 2: 28,

T Y 5%, Ik 4x4 K 8x8 G B Z A E 4 CO H-F A AN
X 100 &7, 5T F Cb/Cr 5F, BEA BRI HATHAY C1/C2
o EFAFTRMX 101 24,

(2) AEEHKXKR 4 4: 4. AR HRABRLER,

BEGAFRTRNEXFEERDHE CO. Cl. C2 9EFERER
F 64 A TR AR X417 & 100, 101,

(3) A EAXE 4: 4: 4. BRI HBAEAKER,

RAAFRFAANRXEFZEHREALESFRAINFE 33 AFTY
Ck 4 EFPRAMGAFTAARXE E&.

(f) £ SW3 ¥ mb type & (d) & (e) 9 &HKR—5, SW4
P34 mb_type, ERAIH 16x16 FRARX G H LT, Fem$ 3
mb_type ¥ &) A& 16x16 TR KB4, RE, EEEKRXRINEELE
1RT4: 2: 08AF 4 2: 2 EFEAXKGHFALT, BLEE (e) &
(1), BEYSEERILY CUC2 9 FANRTARNHBX 101 B4, B4,
FeE AR,

(g) & SW4 % mb_type &5 (f) ¥ &R —&K LT, ¥& CBP
(%RA%EH) M, RiE CBP 814, T RTLHRAKA 0 #) 8x8
B, ELAMBEGBALEREIENL 0. R CBP ATEERA
R — N8x8 P HAEFKAIK (SW5) , RNimEILIMA, B
Té)CBP AEEBXRAELE 1 AT 4: 2: 0 A 4: 2: 2 €A
KGHFAT, BAAHAANREAS TFREESEN 4B HRUAREE
SEFYNAN (AT 4: 2: 0, N=2, 2#F4: 2: 2, N=4, ) 8x8 3%
W RABEENIELE. F—F &, EEEHXRAAMEL 1 KT 4: 4:
4 CEBXARLELB LRI I HRBPANFEE 2 AT I RS H
WILT, BEATT 4 A 8x8 g ERMEE C0. C1. C2 ¥ F —A
ZHE Lt xS R K AN TREFHAAEFKAIKNGEEL . EXLF HD Ik
IR E 22 AT I KA HFLT, £ CO, C1, C2HHE
— AN EFEIEMBA CBP, BAHESEEMKRKRE 4: 2: 03 F 4. 2:
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200810002959. 3 W W B FH23/28m

2R EESERMEZLGEEL.

(h) RFRET ELREKA TS, HITELEKEENRD,
RE, #AEMREEREEXRAINEE 1. AR HDRSHGRFE
&2 HEHNE 14. B 158 k. ERBFEHEGELASMEE Tx
fRrg

(2) AT BBRERLE

RPN BARERLEGE 16 49 CO H-F A SR B 15 4 &3
7.C1/C2ERFTARBREAIRSHUAT. EMEABIGRBE
Eb oA esiaRE.

EEEMHRXRE 4 2: 0. 4: 2: 28HALT, Y 5815 5HRE
T K AEAGSR 200 B44549 CO 5 F AFFRTARARX 100, £ CO 5 EA
R ERESRRT P ERTAMNEER. AN COLFAFFTAAHEX 100,
A LR H) A 4xa FTRAREX . 3 8x8 FAARX . A 16x16 FA AR
K& 3F, XF A 4x4 FRAREX A A 2F 8x8 HAHEX, o k¥
Al Ax4 BEBE SxS B EM AR, B ST, BHE—NEHT,
BHEATHESRL R EHEZE TR >ANERTARNE K. ZHRAB®R
ERFHEGAEBSEIH O, 28 O AP HIR—Fr kL A F N E%
—EEH COFRNFRTAEX 100 4442 CO 2 ERNHTAE K
AR T, B SET ax4 g HF, MXT 8x8 M E L Z LR HH
HEX. EFEHFT ARG ZRATRRNEXGERSE LA,

FHI, A R@moy RS, HiE 16x16 BT H TR G4EX,
A AR 16x16 AAAEX (B 6) . XMHFAT, MB 6 ATHIFE
M LETREBRERST H. AT TAAEXGERE LiE4R
Fl .

%xF Cb. Cr5E, 1CI1/C25EANTNNBEERKS, 5
Y 9 FR I AFRFTRBARGER. B 18 AFEAEHABE 1 F
ClL/C2 R EAFRTRABARERF S HAINLEMN. £EESNRT
&1 AT 4: 2: 0 BEAXIF 4 2: 2 EEBXHFALT, CI1
/C2 S ERHFTMHEKX 101 RFEH 7 L7684 FEXSEX 4. #
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200810002959. 3 W W B FH24/28m
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The invention relates to a moving image coding, a decoding device and a
method, in which a plurality of different chroma format of 4.2.0, 4.2:2, 4:4:4
and so on are uniformly encoded and decoded by effective device structure.
According to a control signal for providing a chroma format type of an input
moving image signal, in a situation of a chroma format of 4:2:0 or 4:2:2, a
first intra prediction mode deciding section and a first intra prediction image

generation section are applied to a luminance component of the input
moving image signal, and a second intra prediction mode deciding section
and a second intra prediction image generation section are applied to a
chrominance component; and in a situation of a chroma format of 4.4:4, the
first intra prediction mode deciding section and the first intra prediction
image generation section are applied to all color components to carry out
encoding, and a variable length encoding section multiplexes the control
signal as encoding data applied to a moving image sequence unit in a bit

stream.
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Claims:

Moving image coding of the present
invention, a decoding device and method,
for4: 2: 0and 4: 2: 2, 4: 4: 4 chroma
format and many other different, unified
structure with an effective means for
encoding and decoding. According to the
chroma format type of the control signal
given input moving image signal, the
chroma formatis 4: 2: O or 4: 2: 2, the
first intra-prediction applies an input
moving image signal luminance
component mode determination unit and
the first intra prediction image generating
unit for the second color difference
component in the intra prediction mode
deciding unit and the second intra
prediction image generation unit, the
chroma format is 4: 4. 4 case, the input
motion all components of the color image
signal apply first intra prediction mode
deciding unit and the first intra prediction
image generation unit, encoded, variable
length encoding unit control signal as a
moving image sequence unit applicable
encoded data in the bit stream
multiplexed.
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1 A moving picture coding apparatus, a
digital signal is input moving image
compression encoding, wherein the
moving picture coding apparatus
comprising: an input for the video signal
of the chroma format is 4: 2: O or 4: 2:
2:00 luminance component of the signal
components corresponding to the first
intra prediction intra prediction mode
deciding unit; those of the input moving
image signal, the chroma format is 4: 2: O
or 4. 2: 2:00 chrominance components of
signal components corresponding to a
second intra prediction intra prediction
mode deciding unit; a decision by the first
intra prediction mode determined by the
Ministry or the first intra prediction mode
determined by the second intra prediction
mode determination unit a second intra
prediction mode to variable-length coding
variable length encoding unit; generating
a first intra prediction image of a first intra
prediction image generating unit based
on the first intra prediction mode; based
on the second intra prediction mode to
generate a second a second intra
prediction image intra prediction image
generating unit; prediction error signal for
the difference as the first intra prediction
image or the second intra-prediction
image corresponding to the input moving
image signal obtained by the color
component signals, transform encoding
the encoding unit, according to the type
of the given chroma format of the input
moving image signal, a control signal, the
chroma formatis 4: 2: O or 4: 2: 2, the
luminance of the moving image signal
into Discovery in the applicable
component of the first intra prediction
mode deciding unit and the first intra
prediction image generating unit for the
color difference component in the second
intra prediction mode deciding unit and
the second intra prediction image
generation unit, the chroma format is 4:

4: 4 case, which encodes the variable-
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length encoding unit applying the above
undertaking of an intra prediction mode
deciding unit and the first intra prediction
image generation unit in all of the color
component of the input moving image
signal to the control signal as the moving
image sequence unit suitable for use in
coded data multiplexed in the bit stream.
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2 The moving picture encoding apparatus
according to claim 1, characterized in that
the chroma format is 4: 4: 4 in the case,
and then according to the common
encoding O independent encoding
identification The type of control signal, at
which the control signal indicates
common encoding is the case, in the first
intra prediction mode deciding unit in the
evaluation signal of the input moving
image signal, a part or all of the color
component, the first internal obtained is
determined as the prediction mode of the
input moving image signal of the
prediction mode common to all the color
components, in the above-described
control signal indicates independent
encoding is the case, in the first intra
prediction mode deciding unit in the
evaluation of the input moving image
signal of each color separately signal
components, for each color component,
independent decision of the first intra-
prediction mode coding.

3.- kinds of moving picture encoding
apparatus, a digital signal is input moving
image compression encoding, wherein
the moving picture coding apparatus
comprising: an input moving picture
signal for the chrominance The format is
4. 2: 0 or 4: 2: 2.00 luminance component
corresponding to the signal component of
a motion decision information of the first
motion detection unit; those of the input
moving image signal, the chroma format
is 4: 2: 0 or 4: 2: 2 color difference
components corresponding to 2:00 of the
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second signal component determines the
motion information second motion
detection unit; a first motion information
by the first motion detection unit
determined variable-length encoding unit
variable length coding; based on the first
motion information to generate a first
prediction image of a first motion
compensation unit; generating a first two
of the second motion compensation
prediction unit image based on the
second motion information; for as the first
one or the second prediction image two
color component prediction error signal of
the differential signal motion predicted
image and the input image signal
corresponding to the obtained encoding
transform encoding section according to
a chroma format type of the input control
signal is given moving image signal, in
color of the format of 4: 2: O or 4: 2: 2, the
applicable portion of the first motion
detector and said first motion
compensation unit in the luminance
component of the input moving image
signal, applies the first color difference
component in the 2 motion detection unit
and the second motion compensation
unit, the chroma format is 4: 4: 4, the
application of these sleeping mat a
motion detector and motion
compensation in the first all-color
component of the input moving image
signal unit and then encoded, the
variable-length coding unit in the above-
mentioned control signal as a moving
image sequence unit suitable for use in
coded data multiplexed in the bit stream.
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4 As noted in the motion picture encoding
apparatus claimed in claim 3, wherein the
chroma format is 4: 4 case, and then
based on the identification of common
coding O Independent: 4 a type of coding
control signal, the control signal indicates
that the joint coding, evaluated signal part
or all of the color components of the input
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video signal in said first motion detection
unit, the first motion information for the
decision of the input moving image signal
is common to all the color component
motion information, in the above-
described control signal indicates
independent coding, a motion detector in
the first portion of the input signal is
evaluated separately moving image
signal, color components, for each kinds
of color component determines the first
motion information is encoded.

5.- kinds of moving picture decoding
apparatus, the digital video signal to a
compression-encoded bit stream as an
input, decodes a moving image signal,
characterized in that the moving image
decoding apparatus comprising: a motion
picture for the chroma format signal is 4:
2: 0 or4: 2: 2:.00 luminance component
corresponding to the signal component of
a first intra prediction image generating a
first intra prediction image generating
unit; for and Sport image chroma format
signal is 4: 2: 0 or 4: 2: 2 o'clock of the
color difference components
corresponding to the signal component to
generate a second prediction image of
the interior of the second intra prediction
image generating unit; from the input
bitstream, the representation being
chroma format type of chroma format
identification information decoding a
compression-coded moving picture signal
IS @ moving image sequence unit
information, and based on the chroma
format identification information in macro
block unit analyzes the input bit stream,
decodes the bit stream on the first intra
prediction mode used in the first intra
prediction image or the generation of the
second intra prediction mode used in the
second prediction image is generated in
the interior of the first intra prediction
image or the second intra-prediction
image prediction error signal between the
variable-length decoding unit transform
coding of the quantized coefficient data;
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the quantized coefficient data O inverse
quantization inverse transform decoding
of prediction error signal decoding unit of
the prediction error signal, based on the
chroma format identification information,
the chroma format is 4: 2: O or 4: 2: 2, the
intra-prediction image is generated
according to the luminance component of
the first intra prediction image generating
unit and the first intra prediction mode,
based on the first two intra prediction
image generating unit and the second
intra prediction mode to generate the
color difference component intra-
prediction image, the chroma format is 4:
4: 4 in the case where, based on the first
intra prediction image generating unit and
the intra-prediction Zi 1 mode, generates
an internal image of all color component
prediction, intra-prediction by the output
image and the prediction error signal
decoding unit of the obtained sum, the
moving image signal is decoded.

6 according to the moving image
decoding apparatus according to claim 5,
characterized in that said variable length
decoding unit in the chroma format is 4:
4: 4 in the case, and then the identify
common coding O independently coded
species common encoding [
independent encoding identification
signal decoding unit for the information of
the motion picture sequence, in which the
identification information indicates that
the joint coding, as the first intra-
prediction mode, to be decoded moving
signal decoding prediction mode common
to all the color component of the image
signal in the identification signal indicates
independent encoding is the case, as the
first intra prediction mode, for each color
component of the signal is decoded
moving image signal, respectively
decoded separately prediction mode.
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7.- kinds of moving picture decoding
apparatus, the digital video signal to a
compression-encoded bit stream as an
input, decodes a moving image signal,
characterized in that the moving image
decoding apparatus comprising: a motion
picture for the chroma format signal is 4:
2: 0 or4: 2: 2:.00 luminance component of
the corresponding signal component to
generate a first prediction image of the
first motion compensation unit; for the
moving image signal chroma format is 4.
2: 0 or 4: 2: 2:00 color difference
components corresponding to the signal
component of the first two prediction
image generating second motion
compensation unit, from the input bit
stream representing the compressed
encoded chroma format type of chroma
format identification information decoded
information of the motion image signal is
a moving image sequence unit, and
based on the chroma format identification
information, a macroblock Discovery into
the bitstream analysis unit, decodes the
bit stream of the above The first one of
the first motion prediction image
information generated or used in the
second motion information used in the
first two above-mentioned predicted
image generated in the first one between
the prediction image and the prediction
image of the first two prediction error
signals were quantized transform coded
coefficient data variable length decoding
unit; the quantized coefficient data
inverse quantization 0 inverse transform,
decoding the prediction error signal
decoding unit prediction error signal,
based on the chroma format identification
information, in color Degree format is 4:
2: 0or4: 2: 2, based on the first motion
information generating said second
decoded motion information value, a
luminance component is generated
based on the first motion compensation
unit and the first motion information The
inter-predicted image, the color difference
component is generated based on the
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second motion compensation unit and
the second motion information between
the predicted image, the chroma format is
4: 4: 4 case, based on the first motion
compensation unit and the first a motion
information, generates color component
among all the predicted image, by the
output between the obtained prediction
image and the prediction error signal
decoding unit for adding, moving image
signal is decoded.

8 according to the moving image
decoding apparatus according to claim 7,
characterized in that said variable length
decoding unit in the chroma format is 4:
4: 4 in the case, and then the identify
common coding O independently coded
species common encoding [
independent encoding identification
signal decoding unit for the information of
the motion picture sequence, in which the
identification information indicates that
the joint coding, as the first motion
information, motion picture to be decoded
signal decoding all color component
signals of common motion information, in
the above are independent encoding
identification signal indicates the case, as
the first motion information, for each color
component of the signal is decoded
moving image signal, respectively
decoded separate motion information.

9 A moving picture coding method for a
digital moving image signal is
compression-encoded input, the moving
picture coding method comprising: an
input moving picture signal for
chrominance The format is 4. 2: 0 or 4: 2:
2:00 luminance component of the signal
components corresponding to the first
intra prediction intra prediction mode
deciding step; those of the input moving
image signal, the chroma format is 4: 2: O
or 4. 2: 2:00 color difference components
of signal components corresponding to
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the second intra prediction prediction
mode determining step M- internal
decision by the first step of determining
an intra-prediction mode of the first intra-
prediction mode or the prediction by the
second internal mode determining step of
determining a second intra prediction
mode to variable-length coding step
variable length encoding; generating a
first intra prediction image generating
step of the first intra prediction image
based on the first intra prediction mode;
in accordance with the above-described
second internal prediction For differential
prediction error signal as the first intra
prediction image or the second intra-
prediction image corresponding to the
input moving image signal obtained by
the color component signal; generating a
second intra-prediction mode of the
image of the second intra-prediction
image generating step, transform
encoding step of encoding, in accordance
with the chroma format type of a control
signal given by said input moving image
signal, the chroma format is 4: 2: O or 4:
2. 2 under conditions, in the input moving
image applicable luminance component
signals of the first intra prediction mode
deciding step and the first intra prediction
image generating step for said second
intra prediction mode deciding step and
the second intra prediction image
generating step in a color difference
component, the chrominance format is 4:
4. 4 case, in all the color components of
the input moving image signal is
applicable to the first intra prediction
mode deciding step and the first intra
prediction image generating step and
encoded, the variable-length coding step
The above-described control signal as in
a moving image sequence unit applicable
coded data multiplexed in the bit stream.

10.- kinds of moving picture encoding
method for digital input moving image
signal is compression encoded, the
moving picture coding method
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comprising: an input video signal and for
chromaticity format is 4. 2: O or 4. 2: 2:00
luminance component corresponding to
the signal component of the first motion
detection step determines the first motion
information; with respect to the input
video signal is a chroma format is 4. 2: 0
or 4. 2: 2:00 color difference components
of the signal components corresponding
to the second motion detecting step
determines the second motion
information; a first motion information by
the first motion detection step determines
the variable-length coding variable length
coding step; based on the first motion
information generating a first prediction
image of the first motion compensation
step Wi- fS, the second motion
information generation section 2
prediction image based on the second
motion compensation step; for as the first
one prediction a prediction error signal
from the differential image and the
predictive image and the first two input
moving image signal corresponding to
the color component of the resulting
signal, coding the transform step,
according to the type of chroma format of
the input moving image signal is given
control of the signal, the chroma format is
4. 2: 0 or 4. 2: 2 case, apply the first
motion detection step and the first motion
compensation step, in the luminance
component of the input moving image
signal, the color difference component
applicable in the second motion detection
step and the second motion
compensation step, the chroma format is
4. 4: 4 case, all of the color components
of the input moving image signal, which is
appropriate in the first step and the
motion detector the first motion
compensation step and encoded, the
variable-length coding step to said control
signal as a moving image sequence unit
applicable coded data multiplexed in the
bit stream.
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11. A moving image decoding method of
digital moving image signal to the
compression-encoded bit stream as
input, the motion picture signal decoding,
the moving picture decoding method
characterized in that comprising: a
motion picture for the chroma format
signal is 4: 2: 0 or 4: 2: 2:00 luminance
component of signal components
corresponding to the first intra prediction
image generating first intra prediction
image generating step; with respect to
the movement chroma format of the
image signal is 4: 2: 0 or 4. 2: 2:00 color
difference components corresponding to
the signal component to generate a
second intra prediction image generating
step the second intra prediction image;
from the input bit stream represents the
chroma format type of decoding chroma
format identification information
compression coding the moving picture
signal is motion picture sequence of
information units, and based on the
chroma format identification information
in macro-block units analyze an input
bitstream, decodes the bit stream 1 the
first intra prediction mode used in the first
generation of predicted images of the
interior or the second intra prediction
mode used in the second generation of
predicted images of the inside of the first
intra prediction image or the second intra
prediction image prediction error signal
between the variable-length decoding
step of encoding the quantized transform
coefficient data; the quantized data is
dequantized coefficient [ inverse
transform, the prediction error signal
decoding step of decoding the prediction
error signal, based on the chroma format
identification information, the chroma
format is 4: 2: O or 4: 2: 2, the intra-
prediction image is generated based on
the luminance component of the first intra
prediction image generating step and the
first intra prediction mode based on the
first 2 an intra prediction image
generating step and the second intra
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prediction mode predicted chrominance
component is generated inside the
image, the chroma format is 4: 4: 4 case,
noted in the first intra prediction image
generating step and said first internal
prediction mode, prediction image is
generated inside all the color
components, by adding the output image
obtained by intra-prediction and the
prediction error signal decoding step, the
moving image signal is decoded.

12.- kinds of motion picture decoding
method of digital moving image signal to
a compression-encoded bit stream as
input video signal is decoded, and the
moving picture decoding method
characterized comprising: a motion
picture for the chroma format signal is 4:
2: 0 or4: 2: 2:.00 luminance component
corresponding to the first signal
component to generate a prediction
image of the first motion compensation
step; for the moving image signal chroma
format is 4: 2: 0 or 4: 2: 2:00 color
difference components corresponding to
the two signal components to generate a
first prediction image of the second
motion compensation step; from the input
bit stream representing the compressed
encoded chroma format type of the
moving image signal decoding chroma
format identification information as
information of the moving image
sequence unit, and based on the chroma
format identification information in macro-
block units analyze an input bitstream,
the decoding of the bit stream from the
first prediction error signal a first motion
prediction image information generated
or used in the second movement
information used in the first two generate
the predicted image with a first prediction
image and the prediction image of the
first two between variable-length
decoding step of encoding the quantized
transform coefficient data; the quantized
coefficient data O inverse quantization
inverse transform, the prediction error
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signal decoding step of decoding the
prediction error signal, based on the
chroma format identification information,
chromaticity format is 4. 2: O or 4. 2: 2,
based on the first motion information
generating said second decoded motion
information value of the luminance
component is generated based on the
first motion compensation step and the
first motion information inter-predicted
image, the chrominance component is
generated based on the second motion
compensation step and the second
motion information between the predicted
image, the chroma format is 4: 4: 4 case,
based on the first motion compensation
step and the first motion information,
generates color component among all the
predicted image of the output between
the obtained prediction image and the
prediction error signal decoding step of
adding, moving image signal is decoded.

Description:
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Video encoding, video
encoding and decoding
apparatus, decoding method
TECHNICAL FIELD The
present invention relates to a
digital image signal in the
image coding apparatus coding
technique or compressed
image data transmission
technology used in the digital
image signal decoding device,
a digital image signal encoding
method and decoding method
of digital image signal.

Background Currently, MPEG
or ITU - T H.26x other
international standards video
coding (such as r "Information
Technology Coding of Audio -
Visual Objects PartlO:
Advanced Video Coding", ISO /
IEC 14496- J: or less, 1)
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referred to as non-patent
literature, referred mainly to the
use of 4. 2: standardized input
signal format O format as a
precondition. The so-called 4:
2: 0 is the RGB and other color
moving image signal into a
luminance component (Y) and
two color difference
components (Cb, Cr), the
number of samples horizontal
0 vertical regarded
chrominance components of
the luminance component is
reduced to half the format
(Figure 23). Chrominance
components and the luminance
component due to reduced
visibility in comparison, so in
the conventional international
standard video encoding
system, is provided by such
prior encoded down-sampling
the color difference
components (downsample),
pre-reduction of the original
encoded information the
amount. Further, in the video
encoding video broadcast
material such as business-
oriented, and are sometimes
used only in the horizontal
direction to Cb, Cr component
down sampling half the
luminance component 4: 2: 2
format. Thus, the same color
resolution and brightness in the
vertical direction, and 4: 2: O
format compared, high color
reproducibility. On the other
hand, along with a video
display in recent years, high
resolution, high gray level, not
being considered by the down-
sampling the color difference
component, luminance
component in accordance with
the same number of samples
will be encoded. Luminance
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HIBNZA Bt , XA BEMNETEHEEIISMN4:.  and chrominance components
2: OFBZEY. Cb. Crza4dmia T Itk RS54 4. identical number of samples of
AEFMEENE s EBiREH HLAX B, (#E4s the format called 4: 4: 4 format.
TEETERNENFEEEHERNFGESHLL 45 Since the conventional 4: 2: 0
mES ML ERRER S RN RIS 5L, format down-sampling the color
difference component as the
LA BEBRES HMARITIERRBRIEE]  premise, and therefore only
ElgdmisdE 2 , BE  YTSHNEERES  limited to Y, the color space
HNEERINES 2. 05i4: 2: 2BNEELSEHEIANE  definitions Cb, Cr, and this, in
EoERTERTRNIRYEE 1 AEBFTIETUR E3B ; X the 4: 4: 4 format li, since the
FEHMNEHEBESHEEEINES 2: 084 2.2 no sample ratio distinction
i NEESEEAES o =R TRETINEIZE2 between color components, so
ERFRARZCRRE BB ; X _EARSE 1 ERFRIMETURRE in addition to Y, Cb, Cr, can
AR 1 WEFTIETZ(EL RS2SR directly use R, G, B, or using
TUAERSAERSE 2 A ERFTIME T 1T e 2<% fB3RY  other multiple color space
B EH<ImILER ; FRIE LIRS 1 AEPTUUIENERLEE1  definitions. As to 4: 4: 4 format
HNEBFTNIE] {RAYSE 1 AERHUBISRAERREE ; 1RHE EiIA video object coding method,
SE2NERFRAETNERNSS2 NERFRUEIRRIS2AEE there are r Woo-Shik Kim, Dae-
FONEGARER ; XTFE A LRSS 1 AERFR WEREL Sung Cho, and Hyun Mun Kim,
PASE2REFRNEG SMNEERESHEXIN  "INTER - PLANE PREDICTION
HNEs 2EESHNESBIMIIRESS | #17% FOR RGB VIDEO CODING",
HAARABRIARISED , IRIES M bR NIZaIER(ES ICIP 2004, October J
HEERIUREAEEES  EBEEIVE 4 2.0  (hereinafter called Patent
24 2 2RER T |, EERBNEERESHSE Document 2).
o2 FIEA RS AESTUR T R E R0 A SE 1
NERTRMESRER B8, EEr=FERA_LRSE2A [Non-patent Document 1]
EBFTNE TR ERRAI_ RS2 98B FRNE G AR ER ,  "Information Technology
EEERIES 4 ER T , £ ERBANIE] Coding of Audio -Visual
BESHN2PELsEFER _ LARSE1AZFTIEIUR  Objects PartlO: Advanced
EEPF0_ RS 1 NERTRNENSRE R EP M T4mES , & Video Coding”, ISO / IEC
R TGRS ERIE_EiR=HIE S1EAEIEsERFE 14496 -10,2003 [Non-Patent
FIEAAERRRAESEEE | et Zi8E . Document 2 J Woo-ShikKim,
Dae-Sung Cho, and Hyun Mun
i }F4: 2: 0. 4:2: 2, 4 4 AZFZNTFEEER Kim, "INTER - PLANE
I , BEEF BRI EENR A T4RIZ 865 .  PREDICTION fOR RGB
RIS G RIS EURRIE R M. VIDEO cODING", ICIP 2004,
October 2004 Non-Patent
fERER BE1 2R ey, BR. B, EREXZER Document 1 to AVC 4: 2: 0

1iEAE., format is encoded high 4: 2: O
_ . type (profile) in in the method
ERR R RRIBAMRREAE., of the luminance component

— . block area of 16x16 pixels
= 4 £ ’
3Ei€$§$iﬁﬁ%%ﬁﬂﬁlﬁﬁﬂo Corresponding chrominance

4 B ST A (R T = o b e e components Cb, Cr of each
47\E%T*Eﬁﬁ/'u 1EPE’JJEE%§EE,JfD$@EIJ$EO 8X8 plxel blOCkS ngh 4 2 O

EISEEAEBNXNTTI (N = 4518)H0iEAE, type motion compensated
prediction (profile) of the
B EE~NER16x16TmNIAHBEE, multiplexed only for the

luminance component of the
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block size information to
become a unit of motion
compensation prediction,
reference image information
used in forecasting, in each
block the motion vector
information, the color difference
component of the luminance
information of the same
component motion
compensation prediction.

4. 2: 0 format, with the image of
the configuration information in
almost all together (texture) of
the luminance component and
the luminance signal is
compared with the low color
distortion components visibility,
image reproducibility for a
small contribution such a
feature on the color space
defined above the high 4: 2: 0
type (profile) O coding is
predictive in this 4: 2: 0 format
under the premise of nature
composition. On the other
hand, in the 4: 4: 4 format,
three color components equally
maintain texture information,
with the only dependent on the
internal components of a
prediction mode, reference
image information and motion
vector information for motion
compensation prediction
manner not said in a
configuration representing an
image signal, color
components equally contribute
in 4. 4. 4 format must be the
best forecasting method. Thus,
since the 4: 2: O format as an
object of coding and a 4: 4: 4
format as an object of
encoding, for performing
optimal encoding various signal
processing, the multiplexed
coded bit stream definition
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information is different, and
thus to be able to constitute a
plurality of different formats
condensing pressure li video
data decoding means for
decoding, preclude the need
for a separate explanation of
the structure of each of the
signal format of the bit stream,
there is a problem of poor
efficiency of the device
structure. invention is therefore
an object of the present
invention is to provide a
conventional 4: 2: 0 format Y,
Cb, Cr space encoded bit
stream with 4: 4. 4 format as
between color components are
not the difference between the
sampling ratio, the compressed
bit stream having a video signal
degrees of freedom in the
definition of the color space
having interchangeable
bitstream generation method
and a decoding method. in the
digital moving image signal to
compression encoding input
moving image coding
apparatus, comprising: an input
for the video signal of a chroma
format is 4: 2: 0 or 4: 2: 2:00
luminance component
equivalent signal component of
a first intra prediction intra
prediction mode deciding unit;
with respect to the input video
signal is a chroma format is 4:
2: 0or4: 2: 2:00 color
difference component signal
components corresponding to
the intra prediction section 2
intra prediction mode deciding
unit; determining a first portion
of the intra-prediction mode is
determined by the first intra-
prediction mode determined by
the Ministry or the second intra
prediction mode determined by
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the second intra-prediction
mode to variable-length coding
variable length encoding unit;
generating a first intra
prediction image of the first
intra prediction image
generating unit based on the
first intra prediction mode;
generating a second prediction
image of the inside of the
second intra prediction image
generating unit based on the
second intra prediction mode;
as described above for a first
differential prediction error
signal intra-prediction image or
the second intra prediction
image corresponding to the
input moving image signal
obtained by the color
component signals, transform
coding unit coding, the motion
image signal according to said
given color Discovery the kind
of format of the control signal,
the chroma format is 4: 2: O or
4. 2: 2, the brightness
component of the input moving
image signal in the first applies
intra prediction mode deciding
unit and the first an intra
prediction image generating
unit for the color difference
component in the second intra
prediction mode deciding unit
and said second internal Zi
predicted image generation
unit, the chroma format is 4: 4:
4 case, in the input moving
image signal, all color
components in the first applies
intra prediction mode deciding
unit and the first intra prediction
image generating unit and then
encoded, the variable-length
coding means causes the
control signal as a moving
image sequence unit in the
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applicable coded data in bit
stream multiplexing.

liFor4:2:0 4. 2:2and4: 4. 4
chroma format, etc. plurality of
different, can be encoded using
unified effective texture
decoding apparatus, the
encoded data of the image can
be enhanced with each other
connectivity.

Fig. 1 is a diagram illustrating
the relationship between the
sequences, pictures, slices,
blocks method.

2 is a diagram for explaining
common encoding processing.

FIG. 3 is an explanatory
diagram showing an
independent encoding process.

FIG. 4 is a block diagram of the
first embodiment of the coding
apparatus.

FIG. 5 is a diagram showing an
internal NxN prediction (N = 4
or 8) in Fig.

FIG. 6 is a diagram illustrating
the internal 16x16 prediction.

FIG. 7isa4:2:0/4: 2: 2Cb / Cr
intra prediction Fig.

FIG. 8 is an explanatory
diagram showing macroblock
units.

FIG.Qisa4: 2:0/4: 2: 2Y, 4: 4:
4 illustrating the motion-
compensated prediction image
generation process.

FIG. 10isa4: 2: 0/4: 2: 2Cb /
Cr motion compensation
predicted image generation
processing in Fig.
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251 ( texture) EF.EEIGRIMISERREHHITHEN FIG. 11isa4: 2:0,4: 2: 2Y

BY9Fm T, predictive residual coding
process described in FIG.

5o AEATHED IR, BEREFER16x165U#1TAER

RYED. , BREB16x 16T (El6). XFrE FIG. 12isa4: 2:0and 4:2: 2

R, BERBIEIREIORRY AMET75iE, 1IX— Cb/ Crillustrating prediction

RYEAX FEEFEREGR XIS ARHAL 842  residual encoding processed.

SN RAEE G, o N
FIG. 13 is a diagram explaining

XTFCb. CroosE , HCIC2HERNERFRNIETAESE a bit stream 30.
6, R ESYHEMIHCIC2HEREFFNIE 101 _
(E5CI. C2%> BIHERIRIAIEEA101a, 10685 FIG. 14 is an explanatory
AN, TE4:2: 0. 4:2: 28F, 101a. IOIbALEHREER diagram of the sheet structure.
B, F—AER RPN ZIRER. TEE =5 . . .
RID T EYEIRREA101a, 10Ibe ), E73F54: 2: 0. FIG. 15 is a 4: illustrating the
4: 2. 2B EFREUATAEIBEIRA0CD, CroxEfupIses  common and separate coding
e, ZE7TESR R4 2. OBKAIHIE | fi4: 2: 2 Sheet4: 4
B ERERNED, Tz MEF , NE : :
mOdeOTEI,Cb\ Crﬂgifijiq:E%IZiEE ( 4: 2 OE/\J,I%;R —F FIG 16 |S.a block dlagram .Of
EexsiE IR | 4 2 MBI FEex16/8Eth ) an embodiment of a decoding
Soaxdth | AAxatREBAHTREEENTIER 2PParatus
M., @40, WFEEFR4x4 1, BXiga, KigX
ML MEZHITIY |, SiE&BagXat4 M=
TR —MEREATIE. XFModel, 2, 3
5E5. E6tERE , Bk AEEARMNTRT, £
1132’5{0\%4;:2*—:" 2?}% %Et?—élzﬂli{%g %’E\%M%Mﬁ

: %/u\i IL‘J\EI YD% I} y D% g% 2 H
Cb. Criy BAIRFEIRIIIEER, 0, I (o e s o e e
& SRTEI U TEREITI, orediction of an internal

E@%*%Et%;: 4 4OIERT , CO. ClI, @Cza’gﬁﬁ handover.

E;98E EAY. Cb, CrER. G, BEBZE)G, -

ERGHE HERSY sERLnEgags, | (> 0BT eCwEy
FEIAE_ EARBBEEAIXST-Ch. CroBf9T W , B - chroma format ’
FEERIZEDBTIRCER, El , ARS8 corresponding to the switching
WIS i ZEP , AEERIE4S 4 BT, of MC

IRTEBBSHE=A IAEBHIMRTUATEE £, BEIK i 20 s a 4 Figure 4 illustrates
iﬂ_’,i# ' Eﬁlﬁéﬁﬁ%ﬂﬁéﬁﬁ%iﬂ%ﬂf_ﬁ,%Z%ﬂ_vﬁﬁéﬁ predicted resigua| decoding
TJE.WJ: EJW'%;RF ' ﬁﬁ?‘élﬁﬂ'ﬂﬂﬁ—ﬂ'ﬂljﬂ%ﬁﬁfﬂﬂﬁitﬂ% process: 2:04:2:2Y. 4 4.
FRMCO. Cl. C2% &, B—FHH , EHERE- ’ ’
VRESIRAIEE 2RI RIS R ISR T . X FIG. 21isa4:2:0and 4: 2; 2
FCO. Cl. C2& , FARIRKRHAIAEFUETIE Cb/ Crillustrating prediction
T, B, ABEKRIIES 4 AMBHERIEIN  residual decoding processed.
ERISIREERE2 R EREAE] ERT

CO. Cl. C2oE2ELACOTE AEPFI#EZ100 FIG. 22 is a diagram illustrating
HITHRERFN, EEERRES 4 4MmBEHESR f3+  an internal configuration and
MARESIREE B 2RI RIBANE | BIBIR T . components Cland C2

Cl. C2% EfRIEMNESHE6ZRRISCOL =YY

FIG. 17 is a diagram illustrating
a macroblock layer (layer) of
variable length decoding unit
handled internally. in FIG. 18 is
a Cb / Cr component
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component predicted residual
decoding unit.

FIG. 23 is an explanatory
diagram format.

(Reference Numerals) 1: 2
chroma format identification
information: common encoding
0 3 independent encoding
identification information: the
input video signal 4: intra only
encoding instruction
information 5: CO component
intra prediction mode deciding
unit 6: ClI/ C2 component intra
prediction mode deciding unit
7: CO inner component
predicted image generation unit
8: Cl/ C2 component intra
predicted image generation unit
9: 10 CO component motion
detection unit: Cl/ C2 11
component motion detection
unit.: CO component motion
compensation unit 12: Cl/ C2
component motion
compensation unit 13: frame
memory 14: the encoding
mode selection unit 15: coding
modes 16: subtracter 17:
predictive residual signal 18:
CO component predicted
residual encoding unit 19: CI
component predicted residual
encoding section 20: C2
component predicted residual
encoding unit 22, 23: quantized
coefficient data li 24: CO
component local decoding unit,
25: Cl component local
decoding unit, 26: C2
component local decoding unit,
27 variable-length decoding
28: blocking filter unit 29: a line
memory 30: bitstream 31:
image size information 32: 33
quantization parameters: color
component identification flag
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R SRR TIE T METRIURD BRSNS , B4 34 predicted image 100: CO
fERsREfh | A1ES ()3 (d)FR , iE component intra prediction

16x16. 16x8. 8x16. 8x8HYE—F1R~F, #m , /£ mode 101: Cl/ C2 component
T 8x8HIIE IR, TERN8x8%kh |, #NE8 (e)Z intra prediction mode 102: Y
(h)F7= , 1E1%¥8x8. 8x4. 4x8. 4x4ME—FR  component motion information
., WFESHFTEaSE—ILoRR~T. FHRR ~F. 103: Cb/ Cr component motion
FEREZEREREANRTFIA13KIAER  information 104: converted
SEER , B NEITIEMEFUUALEE ,  block size indication
BRIYSEREMER (150 RELNES#EGZE  information 200: variable length
8]) 102, xFCb. CroE5Y4SEMEE, % decoding unit 201: frame
EEgZES| , FIBYSEREEIEE , kCb/Crio&2 memory 202: the line memory
ABzEsE B103 (A , SYFICb, CrAYHtELY, specific embodiments

B, HITYDEN EohRERRLLEIFERT embodiment 1 in embodiment 1
( scaling)3&3kH ) . 1Z&MBECIC25E i=sifailll  of the present embodiment the
ZR10iH1T, narrative in the (Y, Cb, Cr)

color space defined in4: 2: 0

5 N, EEteUEBH I ENEAMETINEGR  and 4: 2: 2 format colored
(R FEIEE] *MEEBPERBITINEREIAERTS  degree (chroma format) video
EEYDEMCh, CroEdFE i LATRIARE. signal and the (R, G, B), (Y,

_ Cb, Cr), (X, Y, Z) and other
KTFYDE , MUEER ERARRIBEERIGRE color space defined in 4: 4:
(AT, R ARG ) (VB , MEBEIAMBAE  sither the video signal of a
IR A= E{’Etgéﬂl{%ﬁz B RE12{EZERL  chroma format of 4 input image
EEEFARERZBNPRIV/ME FUERIER  and outputs the encoded bit
=, ENEGRNERFFER. BoRmZINR. stream, as well as by that
o, ATHEINERMERNGRE , (EREBEG encoding means for generating
MEERER D HIEWE SEHEAIRE (interpolation)ii§ik ,  an encoded bit stream as input,
BRNGRE. NTEIN/MERN BRVGEE , £ image signal decoding means.
BEERMEER D BT ET IRV AESE B 1n the following description, the
BRE=E. J;EEJJ%EL‘JJ/M%%*%JEjJ%{Qi%EO =7l three color components
[, #£Cb, CrAgFMIEURERS , ME10FR ,  referred to (CO, Cl, C2)
KTHHE/EL BT REXI RIEY Y 5 ERNE R ER component, 4. 2: 0,4: 2: CO 2
LRGN EEIETIUEENUERNEEE ., M\ component when the chroma
EBﬁJ\E4/M§Z§E"J%@f%%ﬂ"]f%%fgﬁﬁ'—ﬁfgglE—'_]EE format isregardedasa’Y
EHEXIRIATIN A& TR IEK . component, CO component

SE A, A, AGEEES predicted residual decoder Cl
EEEEIREL 4 ERT , CO, Cl. C2My87 and C2 component predicted

Bi%EH EEAY. Cb. CrfER. G, BEBZE residual decoding component
I:Fl I} Egéﬁii{%j:%'—i Yﬁ%*ﬁ%mf&*@iiﬂ% portions a predio?ion repsidua|
/%\ ' Jtt?’:l_:J:\ﬁﬁMiﬂ'ﬁEH:Cb\ Crﬁ%ﬂg ﬁjﬂﬂx”f% decoder Component li C|

Jﬂ’; ' EZKEE Eﬁﬁ2§1 méﬁﬁg%EEP ' E@}E*%EEZEE4 Component deemed Cr’

4 HOERT , 500, O, C2—f8, BHTEFS  (omoonent
CODEEAIMEROLAR: CO BiEzIb 1258114 '
SHMERITTNE S REEFRNEBRAIER , 155  Video signal timing data
s B, EEAH | EHRmE-HRIZ3IRE  performance
(ER2FRHERD BIRIERT , 3kCO. Cl.
C2oEHRENE—RNETER102,40 E4: 2. 0. 4. 1 of the present embodiment,
2. 29BN THREEIB R MEERB D EMIEENK the encoding apparatus shown
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=EHEND EFIERR AR TIZ g HaIat in Figure 1, as by using a
B, B—E, £ BREIEIFEIREIEE2%E  sample time frame or field units
AR ARABANME ] B9ER T, (5CO. Cl. C299&  defined screen information
M7, KEMANEEER. EE4NRBRERIEN  (hereinafter referred to as
h EEERINES 4 AMEEERIEIEIZRIZIR  image) is input. The images are
BEE2ZR~ritE FRIBAME] BIERT , COSEH arranged in time series data
COEEmaNEBIRECODE EEEE 102, units are called sequence
Cl. C2HoEEEFRCOTEIENERTHEFRMACI  (sequence). Sometimes the
li IC23 EBiEEIEMIER10 , }JFCO. Cl. C2HIRTA  sequence is divided into a
SERE—NE HEENB—RSEaEE102, £ number of pictures of the group
BEEIES 4 AMEHLERE M IHERERE  (GOP). Guaranteed from the
2RO IREBANIE] BUEIR T , CODEHCO%  beginning of the GOP of the
B NZRORECODEIEENEE102, Cl. C2  GOP can not be arbitrary
SERC1/C2 pEIEENEB 1003 EIMAESR(E depend on other GOP and
FNzm{EE103a,. 103b, performs decoding, to ensure
access for such uses random
RiEE LA EANMERENEZ NS EEENER bitstream use. Photos and
FCOn &I aitM=EB11. C/C2EIEsHMEEB12  further divided into blocks
R TN EHR RIS L. called law (macroblock) are
. . square, the unit applies a
KTFCOpEEHMEER11. CIC2HEIZFNMERE  macroblock prediction [
12 , (e EPthFRERERG  EEFEM  Transform O quantization
M ErER R E—MIENREAH FUR, process for image
(O TP ERIBANE OB AR sy Conression. In addition, the
RV EFRNES | LAREEafMETTAERR Film is capable of different
%%f%gumﬁ{iﬂgﬁiﬂ{%j%\ ( jéﬁjge%s %d’%{% pieces Of data encoding and
%3 ) RETRUE & , SESENRIIER15, M gecoding units independently
%EE.M:EEE'] 5%'*.'%5%)5;')1” ' mUEE;ﬁ‘Z 7%%%1(35:&5@)\%2 for examp|e When the HDTV’
BESSSIRERSBMURIUER Z BEIES , B yideo signal having a higher
EU%ﬁ;ﬂUﬁ%ﬁ %%1 7ao yuiéﬁﬁgﬁﬁﬁ'] 5%ﬁﬂ%l\{%}ﬁj reso'ution or the rea'_time
;mu I} m”m;ﬁkii %16:&&&@)\%2{%{%%351:&?&@@]%'\ processin’g by performing S”ce
= FNNFINE G BRES , BEFUEEES division. in.
= division, in parallel to each of
17a, the slices to encoding and
decoding shorten the
calculation time, or in the case
of using the line transmission
error rate of the bit stream,
even If a sheet is damaged by

FHERIIFTI%EES17aHCO D 2N E5REL
2818, Cl oEFNEERIGER19. C2o=EFlFEE
PRIDEP20 T =X ML ERE4E. ECIn=E
FF%E@E—%E‘M ?{ éZﬁ\;if)fﬁ;‘émAﬁ%% ;ﬁﬁgn‘moqﬂj ,
EE I>2. I‘i/l:\l%l %_ILJ‘1\ /\lﬁ_l FFEEE]'? S‘Z H:EEE.,]-L/I:\I%I :

o = the impact of the error, the

= 22, T CIC2n BHISHE. decoded image disturbance, it

SHER 2420, 4 2 20YLBURE is possible to recover from the
e %ﬁﬁ: AFHICOLSE | 7ECO% %ﬁiﬁﬁ%ﬁg next sheet to _the proper u_se of
MER18 | MHTEN1 oAU EmaAE, & SUoh adecoding process in
GHE | E5E , (ERIGER1SRIAIE TioEsexep 50 N general, the sheet
MR , SLELISCREAABIMGEEIES 17ap(7  DOundany, can not be used due
% WA T | LUBRIR 74087 10 N use of the dependence
BOBXBEREQE it || (TEERES I | BTN By Of the signal prediction
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HENAE |, BRIESWEEEUE 21, ERIEED
15EHLIMIIBERT , Bl 4x4tRBANATEE]
i |, 1BE | EmiaiR 152 RER16x16F#EZLAY
BRT | (UL SRS axati T Z A DC S 2R,
4x4ij& sChBfaiATS (Hadamard)&ie, XFDC%

Xch[ﬂﬁﬂ MRRENHITIEMN THSER2HE
{Jc , HRR4x458915 MNACH BB TR (AL
B, EREEEI154 xEVEIﬁB16x16§‘JfﬁiﬂUTEEﬁE’\JT%7R
T, IF161 2 mAHEITHI TENEHSE32/
iﬂﬁiﬁ

JTHFEERES: 2: 0. 4: 2 2BHHCO S ELURGE
B 24 4 AFMICIDE |, 7ECIDETMNAERLS
=01 OrhH T BREARAOLNE, IXAT , fEGEHE
B4:2:0, 4: 2. 28980, 7(£12§E/-_T<E’\Jﬁiﬁ
h, FEERIES 4 NERT , EE113%E =1
QMR |, TR ESRS |, EILAT™MUCAEE
BIE4: 2: 0. 4: 2: 2ATROLLTE, TZISUEEPK{Z@&
ﬁﬁ%ﬁ‘t% ?Ef—ikE’JCb’\E'{ S EIF)4x4Bh
B TEE éﬂl“’“iﬁ Miﬂﬁ?‘%ﬂwzﬂﬁi LahE
1«5=§Ui1%¥§5@ﬁ)§22 BT, LAAxX4tREBANATEE
T R [ ERAXARDCAE | Hm2x2k
( @Fﬁﬁtﬁ 2. 0 BY ) & axatk ( @Fﬂ‘%it%z
2: 287 ) , SChEfEAIRETHE, XJF DCoE , Xk
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adjacent sheet, etc., and
therefore the increase in the
number of pieces of the lower
coding performance, but with
the flexibility for parallel
processing, or high tolerance
for errors like this features.

4:2:0,4: 2: 2,4: 4. 4 format of
the method when the colored
blocks in Fig. 23 is defined as
W = H = 16 in the pixel block.
Since the unit of a macroblock
prediction applies 0 [
transform image compression
and quantization process, thus
substantially constituted by two
types of information in the bit
stream multiplexer (multiplex)
the coded macroblock data. A
prediction is a prediction mode
or motion information,
quantization parameters for
such a video signal with itself a
different side information (side
information) of the kind, total
them called the block header
(header). Another is the video
signal own information, in the
present embodiment 1, the
encoded video signal is
compressed data as a
prediction error signal is
predicted based on the macro
block header information [J
Transform O quantifiable
results obtained, since the The
form of the transform
coefficients quantized
performance, and therefore
hereinafter referred to as
quantized coefficient data.

After the three color component
signals of one field or one with
a common method for
encoding block header process
referred to as "common
encoding process'", the three
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color components of a letter or
a number with a field of li which
are independent of the macro
block header encoding process
referred to as "independent
encoding process." Similarly,
the three color component
signals from one or use one
field common macroblock
header encoded bit stream
decoded image data is
processed in mind r common
decoding process, "from one of
the 3 or 1 field color component
signals which are independent
of the use of macro-block
header encoded bit stream
decoded image data is
processed in mind r
independent decoding process.
" The present embodiment is
an apparatus for coding 4: 4: 4
chroma format signal, and
configured to be selected
according to the common
encoding process, or coding be
noted in the independent
encoding process to encode
the encoding. In the common
encoding process, the three
color components of a
summary or a field is defined
as a picture, split to form
summarizes the three color
components of the macro-block
(Figure 2). The figure and in
the future, said Ming, the three
color components called CO,
Cl, C2 components. On the
other hand, in the independent
encoding process, the
separation of the input video
signal for one frame or one
field into three color
components, are defined as a
picture, the picture is divided by
each macro block consisting of
a single color component
(Figure 3). That is, the
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macroblock become common
encoding processing object
comprises three color
components of the sampling
CO, CI, C2 (pixels), and
become the object of the
independent encoding process
includes only macroblock CO
or Cl or C2 component in one
sampling component (pixels).
In addition, the first
embodiment of the encoding
devicefor4: 2: 0 and 4: 2: 2
chroma format, always in
Figure 2 uses a macro block
definition, applicable common
encoding process andr', r
common decoding process
"fairly The encoding process.

<encoding device> structure
coding device of FIG. 4 shows
a first embodiment of the
present. Hereinafter, the
information to specify the
chroma format to become an
input coded video signal is
referred to as chroma format
identification information 1,
were noted in the
representation is common
encoding process, or coding be
called according to the
independent encoding process
the encoded identification
information Common Code [ 1
independent encoding
identification information.

First, the input video signal 3
according to the chroma format
identification information 1, the
common encoding O
independent encoding
identification information 2, one
macro block is divided into data
of FIG. 2 or FIG. 3, according
to the intra only encoding (intra
only encoding) instruction
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information 4, internal
prediction process (CO
component intra prediction
mode deciding unit 5, Cl/ C2
component intra prediction
mode deciding unit 6, CO
component intra predicted
image generation unit 7, Cl/
C2 component intra predicted
image generation unit 8), the
motion compensation
prediction process (CO
component motion detection
unit 9, ClI/ C2 component
motion detection unit 10, CO
component motion
compensation unit 11, Cl/ C2
component motion
compensation unit 12), when
the select block li method best
coding efficiency prediction
mode (encoding mode
selection unit 14), [
transformation of the quantized
prediction residual (CO
component predicted residual
encoding unit 18, CI
component predicted residual
encoding unit 19, C2
component predicted residual
encoding unit 20), the
prediction mode or motion
information equilateral
information and the quantized
transform coefficients to
variable length encoding,
generate a bitstream 30
(variable length encoding unit
27). In addition, the local
decoded quantized transform
coefficients (CO component
local decoding unit 24, CI
component local decoding unit
25, C2 component local
decoding unit 26), by the side
information based on the
reference image and the
predicted image data obtained
by adding, to give local
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decoded image, in the
embodiment according to the
need to suppress block
boundary distortion
accompanying quantization of
the block (deblocking) filter
(deblocking filter unit 28)
Hereinafter, for use in the
subsequent prediction
processing, stored in the frame
memory 13, and / or line
memory (Hnememory) 29 in. In
the case of intra only encoding
instruction information 4
indicates only the
implementation of internal
coding r ", and does not
perform motion compensation
prediction process, prediction
process is performed only
inside. or less, the
morphological characteristics of
the present embodiment 1 will
be processed in accordance
with the chroma format
identification information to
switch 1, the common encoding
O independent encoding
identification information 2, the
intra only encoding instruction
information 4 such intra
prediction processing, the
motion compensation
prediction process, predicted
residual encoding process,
variable-length coding process
(and bit stream configuration
obtained as a result of) the
process are described in detail.

(1) Handling internal prediction
prediction process is
determined by the FIG. 4 CO
component intra prediction
mode unit 5, C1/C2
component intra prediction
mode deciding unit 6, 7, Cl/ C2
component intra CO
component intra predicted
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image generation unit predicted
image generation unit 8
executes. in the chroma format
is4:2:0, 4. 2: 2, the signal
component is determined by
the CO Y component intra
prediction mode decision unit 5
internally CO-prediction mode
100 components. Here can be
selected mode internal 4x4
prediction mode, the internal
8x8 prediction mode, three
kinds of internal 16x16
prediction mode. About internal
4x4 internal 8x8 prediction
mode and the prediction mode,
the macroblock partition blocks
of 4x4 or 8x8 pixel by pixel,
shown in Figure 5, for each
block separately using spatial
prediction reference pixel
neighborhood. The selected
branch prediction method has
nine, for use in which nine
prediction methods, in the form
of intra-prediction mode is
encoded as one of side
information. Figure 5 enclosed
in the rectangle of pixels in 4x4
pixel prediction is the object,
coated with the shaded pixel is
a reference pixel for generating
a predicted image. The arrows
indicate the direction of the
reference pixel li impact on the
predicted value. Mode2 the
average value of the reference
pixel as a predicted value.
Figure 5 shows an example of
4x4 blocks, while for 8x8 pixel
blocks can be defined the
same pattern. By performing
space with this directional
prediction, structural
information for the contour of
the object being photographed
or texture (texture) graphics,
images can be effectively
predicted.
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In addition, as a non-macro-
block subdivision, directly
16x16 block intra prediction
mode, internal 16x16 prediction
mode (Fig. 6). In this case, it is
possible to select four kinds of
FIG. 6 shows the spatial
prediction method. As for the
composition of this flat image
area with little side effect
information to improve the
prediction model is effective.

About Cb, Cr component, the
Cl/ C2 component intra
prediction mode deciding unit
6, the decision and the Y
component independent CI /
C2 component intra prediction
mode 101 (to and CI, C2
respectively corresponding
model as 101a, 101b8 In
addition, in4: 2: 0 and 4: 2: 2,
101a, I10Ib always the same
value, either in the bit stream is
multiplexed in the decoder to
decode the value set 101a.,
IOlbc). Figure 7 shows a 4: 2:
0, 4: 2: 2 chroma format of the
intra-prediction mode can be
selected Cb, Cr components.
Figure 7 is a table showing the
4. 2: 0 format diagram, and 4:
2. 2 format also uses the same
pattern. In the four modes, only
modeO the Cb, Cr law fairly
block area (4: is a 8x8 pixel
block at 0, 4: 3:22: Case 2 is
8x16 pixel block) is divided into
4x4 blocks to 4x4 blocks of
units from around the average
forecast. For example, the
upper left 4x4 block, 8 pixels of
the entire region a, region X
are averaged, or 4 pixels of the
X averaging or a certain value
is used as a predicted value.
About Model, 2,3 and 5, FIG. 6
are the same, has become a
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spatial prediction directivity.
Summary information on the
next 2 chroma format, the
texture of the image and other
structure to the Y component,
on a color difference
component signals Cb, Cr
component configuration
information is not saved image:
4. 2: 0and 4: 2. Thus, using
this simple and easy prediction
mode effectively predict. in the
chroma format is 4: 4: 4 case,
each component of CO, CI, C2
are not fixed at Y, Cb, Cr, in the
R, G, B color space, etc., in the
color components remain and
Y components corresponding
to the image configuration
information, and therefore as
described above for Cb, Cr
components of the prediction,
sometimes sufficient prediction
efficiency can not be obtained.
Thus, in the present
embodiment li coding
apparatus 1, the chroma format
is 4: 4. 4 case, CO, Cl, C2 are
carried out corresponding to
the processing unit 5
determines based on the CO
component intra prediction
mode Internal Select the
prediction mode. More
specifically, the common
encoding. Independent
encoding identification
information 2 indicates
common encoding process J r
case, with only the common
intra prediction mode to predict
CO, CI, C2 component. On the
other hand, in the case of the
common encoding O
independent encoding
identification information 2
indicates independent
encoding process J r, for CO,
Cl, C2 component intra
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prediction mode used to predict
individual determined. That is,
the chroma format is 4: 4: 4
and under common encoding O
independent encoding
identification information 2
indicates r common encoding
process "situation, CO, CI, C2
to the internal components of
all components CO-prediction
mode 100. intra prediction. In
the chroma format is 4: 4 intra
prediction and common
encoding [ independent
encoding identification
information 2 indicates the
case of r independent encoding
process ", Cl, C2 component
according to Figure 5 or Figure
6 shows the corresponding
components of the CO: 4 mode
is independent of the CO
component obtained CI/ C2
component intra-prediction
mode I0la, I0Ib internal
forecast. in the configuration of
the coding apparatus in FIG. 4,
the chroma format is 4: 4: 4 the
case of the common encoding
and independent encoding
identification information 2
indicates r common encoding
process ", CO CO component
by the internal components of
the prediction mode. prediction
mode decision unit 5 decides,
Cl, C2 components directly
prediction mode used in the
CO component, or use either
Cl/ C2 component intra
prediction mode deciding unit
6, for all components CO, ClI,
C2 is determined to be the best
of a The only intra-prediction
mode. The chroma format is 4:
4: 4 and the case of the
common encoding O
independent encoding
identification information 2
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Ied SRILIRBIMER2 |, Y F-ClIC25ERI4t  indicates r independent
I#, encoding process ", CO
components of the prediction
NFEEGIES 20 0, 4 2 2BIYSEUUNEE  mode determining unit 5 is
BAE 4 4 AITRICODE , ECODEFMNEERE  determined by the CO
1oER240h | H1TE120 F/HITUNGLERFIDLE, £ component intra prediction
AIEA |, Bt ERISETZ155% < EWER8X8T  mode, Cl, C2 components by
MR A E TR T RMER 1047~ E8X8E  the Cl/ C2 component intra
i RUERERHRYIBIT T |, IBEWAEEHE211LERIE  prediction mode deciding unit
RIRNADE TH SxSHRAVERNAME, 7ELABX8IREE 6, separately determine the
(1T T EBMNENSER2MREM LA . IABX8HE  best intra-prediction mode.
RO TR B , BEIFRREES17alE
JFE17b. ERBIRIVISEREIMIERT | =88  In all internal forecasting
RIEE15EGEN ZB16x16TNIED ]k process, become the reference
H, HAFB16x16TTNEIAT , NEWER 22E21  pixels surrounding the pixel
BN FRAAIDCHOEA/NNTHRAEEZIHITE  value must be not block the
NE WEHB2HRENANIE | BEHIT4x4RIKRFI  implementation of the local
AI0EE, A, 1B FIERPRE4Ax4tiIDCHE  decoded image filtering. Thus,
NERE. XTRIR15MACK BRI TIEMNEN the processing by the
SHB2HNREWAME , 5 HABERIDCH RS &, deblocking filter component
1SRIAx4R B R EWTEENTIR R L, &/m@id local decoding unit 24 as CO,
44 BEE THB SR ATNEREESS17b. £ Cl component local decoding
PRASET1 SR ANER16x16FRIHETUAYER T , £ unit 25, local decoding
Rax4 i {T R BRI HL , SEFIFEZE  prediction residual signal 17b
=517b, and the predicted image 34
output from the C2 component
MFEERIES 2: 0, 4:2: 2BFICb. CroELAK local decoding unit 26 obtained
BE 824 4 4B9ICI. C2n&E , ECIDEMN by adding the pixel before
TREMRREER25, C2n=TUNERERIESR26% , 5! value stored in the line memory
B TFUN R E RO IE, 29, for use in the internal
forecast.
*FEERIES 2. 0. 4 2: 2BFHICb, CroE | %
FRE 21 AR TTNRERIGERSAME, 4: 2. 05 According to the intra
4: 2: 2R9ZEBIET li PRTRNAISTHARIER(ZE2x28  prediction mode of each color
EE2x45R, B5E , (LB 445 THRREMIDC  component determined by the
SEMRLN ORISR THAMERIRISRAIR , £ above processing, the
17 T REWLAEHITIIAIB R, XFRITEI15 prediction image is generated
MCHERIMH 1TREN . SDCHELEEFRMIT  inthe CO component intra
AxAfZEEEAN R, Ht SR REES17b. prediction image generation
. unit 7, Cl/ C2 component intra
E227RClo &N EfFISER25. C2o =TTk predicted image generation unit
ERASED 26RIBREE, KT EIABERIVES 2. 8 performs. About CO
0. 4:2: 2R$AICh, CroERNME , 7EE22% , 57 component intra predicted
FHCEH /4: 2: OCbEkCro =Tl FE#RFSER25a, image generation unit 7, C1/
4. 2: 2CbaCroy EFTNFLZERGER25b , TAME I C2 min I amount of the intra-
BRERS EiAERE, B—5H , FBESIVES prediction image generation
4 4RI/ T , CUC2EMEAEIE22. 23M TR  unit 8, since the decoding
54:2: 0, 4 2:209Y7> BERNENEEEIE21CLHE  apparatus is also the use of
ﬁﬂ"]ﬁ/fﬁﬁg ' ﬁt?EitﬂﬁiﬁUYﬁj\ %ﬁiﬂ”ﬁ%ﬁ common parts, and therefore
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the operation is described in
detail in the description of the
decoding device side.

(2) the motion compensation
prediction processing by the
motion compensation
prediction process CO
component motion detection
unit 4 of FIG. 9, CI/ C2
component motion detection
unit 10, CO component motion
compensation unit 11, C1/ C2
component motion
compensation unit 12.

In the chroma format is 4: 2: O
and 4: 2: 2, the signal from the
CO component Y component
motion detection unit 9
determines the motion
information. Sports information
includes information indicating
the predicted use insurance
reference image index there is
a frame memory 13 one or
more reference image data in
which the reference image
(index), designated by the
reference image index
reference image suitable
motion vector.

9 in the CO component motion
detection unit, the motion
compensation prediction
reference image data stored in
the frame memory 13 selected
reference image macroblock
unit to the Y component motion
compensation prediction
process. In the frame memory
13, a plurality of time over
current or past 0 future, a
plurality of stored reference
image data, from the data in
units of a macro block selects
the best motion prediction
reference image. Prepare
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&amp;gt;0 SIIBINISI Ass_sss ; (i ZEPE=p 5P seven kinds facto motion
2 2 E&amp gt = compensation prediction unit
#&amp;gt;;&amp; It #&amp;gt; # &amp;It;#¥:.&amp;lt; block size, the first in the

4 SVWVVWM mKixEIVKs lir 8_»x#» KEVK#K®. macro-block units, as shown in

m*mmmmmmmmwmmmmw 8 (a) to (d) below, choose a
Mamwmmmmmmmmmmw V& particular size
WK#KVK#&amp;gt;Km 1BAHHIE 16x16,16x8,8x16,8x8 of.

Furthermore, the choice of a
case under the 8x8, 8x8 in
each block, as shown in Figure
8 (e) to (h) as shown, select
one size 8x8,8x4, 4x8,4x4 of.
For all or part of the block
diagram size, the sub-block
size, a predetermined search
range of motion vectors as well
as the available one or more
reference images 8 block in
each method performing
motion compensation
prediction process, the motion
information obtained Y
component (motion vector and
reference image index) 102.
About Cb, Cr component and
the Y component the same,
using the reference image
index, the use of the Y
component motion vector,
seeking Cb / Cr component
motion information 103
(specifically, the Y and Cb, Cr
sampling ratio considerably,
the Y component of the motion
vector scaling (scaling)
obtains). The process proceeds
in the Cl / C2 component
motion detection unit 10.

Xi Bu another, following
different li evaluated in the
motion detection unit motion
compensation predicted image
generation method of
generating the candidate and
the motion compensation
predicted image section in the
presence of the Y component
and Cb, Cr components is. on
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the Y component, not only the
actually input to the pixel
coding apparatus (hereinafter,
referred to as an integer pixel)
position, but also by the
interpolation process to
generate a virtual midpoint
between the integer pixel 1/2
pixel position or 1/4 pixel
position as the pixel midpoint
between 1/2 pixel, using the
predicted image generation.
Figure 9 shows the situation. 9,
in order to obtain the pixel
value of 1/2 pixel position,
using the surrounding pixel
portion 6 number noted
embodiments interpolation
(interpolation) filter to obtain a
pixel value. In order to obtain
the 1/4 pixel position pixel
value, using the two pixel
values by the pixel portion
around the averaging process
based on the linear
interpolation obtained. 1/4 pixel
accuracy motion vector in units
of performance. In contrast, in
the predicted image generating
Cb, Crin, as shown in FIG. 10,
the pixel values of pixel
positions as scaled results for
corresponding Y component
motion vector indicated by the
motion vector obtained, from
the vicinity of 4 position of the
pixel values of integer pixel by
pixel corresponding to the
distance between the weighted
linear interpolation process is
obtained. in the chroma format
is 4: 4: 4 case, each
component of CO, Cl, C2 is not
fixedto Y, Cb, Cr, inthe R, G,
B color space, etc., in the color
components holding the Y
component corresponding to
the image configuration
information, and therefore as
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described above for Cb, Cr
components of the predicted
image generating method, it is
sometimes sufficient prediction
efficiency can not be obtained.
Thus, in this embodiment the
coding apparatus 1, the
chroma format is 4: 4: 4 case,
and CO, Cl, C2 together with 9
and CO based component
motion compensation unit CO
component motion detection
unit 11 predicted image
candidate or a predicted image
generating considerable
processing to obtain the motion
information. More specifically,
in the case of the common
encoding [ independent
encoding identification
information 2 indicates
common encoding process Jr,
find CO, Cl, C2 component
common to only the motion
information 102, such as in 4:
2: 0 and 4: 2 When the motion
vector as a particular color
component applicable in other
components is not scaled
processing case 2: On the
other hand, the common
encoding. Independent
encoding identification
information 2 indicates the
case of r independent encoding
process ", so that CO, Cl, C2
independent component,
separate motion seeking
information. In the structure of
the coding apparatus of FIG. 4,
the chroma format is 4: 4: 4
case of the common encoding
and independent encoding
identification information 2 O r
indicates common encoding
process ", CO component is
determined by the CO
component motion detection
unit 9 CO component motion
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information 102, Cl, C2
components CO component
motion information directly or
use either Cl li / C2 component
motion detection unit 10, for all
the components CO, CI, C2's
decision to become the best of
a unigue motion information
102. The chroma format is 4: 4:
4 and the case of the common
encoding [ independent
encoding identification
information 2 indicates r
independent encoding process
", CO component is determined
by the CO component motion
detection unit 9 CO component
motion information 102, Cl, C2
components by the C1/C2
component motion detection
unit 10, respectively, decided to
separate the best sports
information 103a, 103b.
according to the motion
information determined by the
above processing for each
color component of the
component motion
compensation unit in the CO
11, ClI/ C2 component motion
compensation unit 12
generates prediction image. on
the CO component motion
compensation unit 11, Cl/ C2
component motion
compensation unit 12, the
decoding apparatus is also the
use of common parts, and
therefore a detailed description
of the operation is described in
the side of the decoding
apparatus.

Best intra-prediction mode and
a prediction image

(3) predicted residual encoding
process by the encoding mode
selection unit 14 evaluation as
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a result of the above prediction
process to get inside, as well
as motion-compensated
prediction process to get the
best results Best motion
information (motion vector, the
reference image index) and the
predicted image, selects the
best encoding mode 15. If the
encoding mode 15 is intra
prediction, by the subtractor 16
takes the input video signal 3
and the intra prediction
according to the difference
between the predicted image to
obtain a predicted residual
signal 17a. If the encoding
mode 15 is motion
compensation prediction by the
subtracter 16 takes the input
video signal 3 and the basis of
the motion compensation
prediction of the difference
between the predicted image to
obtain a predicted residual
signal 17a.

Prediction residual signal

17a obtained by the CO
component predicted residual
encoding unit 18, CI
component predicted residual
encoding unit 19, C2
component predicted residual
encoding unit 20 quantizing
transformation [
implementation of information
compression. In the ClI
component predicted residual
encoding unit 19, C2
component predicted residual
encoding unit 20 in accordance
with the chroma format
identification information 1, the
common encoding O
independent encoding
identification information 2, the
switching for Cl/ C2
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component processing. on the
chroma formatis 4: 2: 04: 2:' Y
component and a chroma
format 2:00 is 4: 4: 4:00 The
CO component in the CO
component predicted residual
encoding unit 18, Figure
predicted residual encoding
process performed 11 shows.
Under this process, first, the
encoding mode 15 is selected
internal 8x8 prediction mode, or
in units of 8x8 block prediction
residual signal 17a to integer
transform mode is to put the
macroblock of four divided 8x8
block li-line units into integer
transform, quantization
parameter quantization process
carried out to comply with 32 to
obtain quantized coefficient
data 21. In the case where the
encoding mode 15 is other than
this, in the first block units 4x4
integer transform, and then, in
the case where the encoding
mode 15 is an internal 16x16
prediction mode, only a
summary of each 4x4
transform coefficient blocks DC
components constituting the
4x4 block, implementation
Adama (Hadamard)
transformation. For the DC
component, the Hadamard
transform coefficients are
quantized to comply with the
transformation parameters 32,
the remaining 15 AC
components quantized 4x4
block is processed separately.
In the case of the encoding
mode 15 is not an internal
16x16 prediction mode, the 16
transform coefficients
quantization parameter
quantization process is
performed to comply with 32
simultaneously.
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For the chroma format is 4: 2:
0,4: 2: Cb component and 2:00
chroma format is 4: 4: 4 the ClI
component in Cl component
predicted residual encoding
unit 19 prediction residual
coding process. In this case,
the chroma format is 4: 2: O, 4:
2. 2 case, in the processing
represented by FIG. 12, the
chroma format is 4. 4: 4 in the
case where, in FIG. 11 shows
the Processing, prediction
residual coding, the following
description only the chroma
format is 4: Processing of 2:00:
2: 0and 4: 2. In the present
process does not depend on
the encoding mode 15, the Cb
component signal of the
macroblock is divided into
blocks of 4x4 integer transform,
quantization parameter
quantization performed to
comply with the handle 32, to
obtain quantized coefficient
data 22. First, the 4x4 integer
transform block units, then,
bringing together the DC
component of each block is
4x4, 2x2 blocks constituting
(chroma format is 4: 2: 0:00) or
2x4 blocks (chroma format is 4:
2: 2:00) implementation
Hadamard transform. For the
DC component, to comply with
the Hadamard transform
coefficient quantized
quantization parameter 32, and
the remaining 4x4 blocks 15
separate AC components
comply with the quantization
parameter quantization process
32.

For the chroma format is 4: 2:
0, 4: 2: Cr component and 2:00
chroma format is 4: 4. C2
component is 4:00, and the C2
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component predicted residual
encoding unit 20 prediction
residual coding process. In this
case, the chroma format is 4: 2:
0, 4: 2: 2 case, in the
processing represented by FIG.
12, the chroma format is 4: 4: 4
in the case where, in FIG. 11
shows the Processing,
prediction residual coded,
quantized coefficient data
obtained as the output 23.

In addition, for each color
component quantization results
to determine whether there is
represented in units of 8x8
blocks effective (i.e., non-0)
CBP (coded block pattern)
information coefficients, the
information as a block unit of
one method information again
multiplexed in the bit stream.
CBP is also defined according
to the chroma format
identification information 1 and
the common encoding
independent encoding
identification information 2
switching process is described
in detail in the description of
the fine li decoding device.

The quantized coefficient data
obtained by the above
processes 21, 22 as input, the
CO component local decoding
unit 24, Cl component local
decoding unit 25, C2
component local decoding unit
26 to obtain local decoded
prediction residual signal.
These local decoding unit
decoding apparatus side with
the use of the same
components, and therefore the
operation is described in detall
in the description of the
decoding device side.
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(4) variable-length coding in the
variable length coding unit 27
as the sequence level header
information, enter the chroma
format identification information
1 and the common encoding [
independent encoding
identification information 2,
intra only encoding instruction
information 4, image size
information 31. Further, the
common encoding.
Independent encoding
identification information 2
indicates independent
encoding process under r ", the
input support processing
currently being encoded image
belongs to which color
component of the color
component identification
information, based on the
information, the beginning of
the sheet in the encoding
process being It provides color
component identification flag
33. Accordingly, in the
decoding device side, it is
possible to identify the
accepted sheet comprising
encoded data of which color
component. Encoded as a
macro block level data, input
encoding mode 15, the intra-
prediction mode 100.101,
102.103 motion information,
quantization parameter 32, the
transformation block size
indication information 104,
quantization coefficient number
noted in 21.22.23, etc., by
Huffman coding or arithmetic
coding, entropy coded,
multiplexed in the bit stream
30. 30 summarizes the bit
stream to the rear panel of the
unit data of one or a plurality of
macro blocks constituting the
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packet (also referred to in the
AVC NAL-unit) output.

Figure 13 shows an overall
view of the bit stream 30. In the
sequence parameter set as
header information of the
sequence level (SPS), the
multiplexer chroma format
identification information 1, the
common encoding O
independent encoding
identification information 2, the
intra only encoding instruction
information 4, the image size
information 31. Common
coding O independent
encoding identification
information 2 since only the
chroma format is 4: 4. 4 case is
a must, and so only the chroma
format identification information
1is 4. 4. 4 case multiplexing.
As the picture level header
information of the picture
parameter set (PPS), the
multiplexer used in the first
image to open the initial value
of the quantization parameter
32 and the like. In the image
coded data sheet of the
following multiplexed,
according to the chroma format
identification information 1, the
common encoding O
independent encoding
identification information 2
value, as shown in Figure 14,
Figure 15, different data forms.
in accordance with the chroma
format identification information
1 indicates a chroma format in
a4 2:0, 4:2:2licase, the
sheet becomes as in FIG. 14
structure. FIG. 14 is a slice
header SH, MB is law encoded
data block, MBH is a
macroblock title, Tx is
quantized coefficients X
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component number noted. In
this case, the sheet structure of
Figure 2, including the
compliance of chroma format
sample ratio of Y, Cb, Cr block
coded data method of pixels,
including the encoding mode
MBH with block 15
corresponding to the type of
method, In the type of said
macro block intra prediction
modes, including CO i.e., Y
component intra prediction
mode 100, C1/C2 i.e., intra-
prediction mode common Cb /
Cr component 101, the
quantized coefficient data
quantized in the inverse
quantization is used [
quantization parameter 32 or
the like. block types in France
represents motion-
compensated prediction
(between (inter)) mode of the
case, including CO namely
motion information 102 (motion
vector and reference image
index) Y component, the
quantization coefficient data O
inverse quantization in
quantization parameter 32
used.

According to the chroma format
identification information 1,
representing the chroma format
is 4: 4. 4 case, according to the
common coding [ 2
independent encoding
identification information of
value to become 15 as sheet
structure. in the common
encoding [ independent
encoding identification
information 2 indicates r
common encoding process "in
the case (FIG. 15A), is in sheet
configuration of Figure 2,
comprises a chroma format
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sample ratio compliance with
the CO, Cl, C2 macroblock
encoded data composed of
pixel components in the MBH is
included with the encoding
mode corresponding to the
macro block 15 species, in the
case of macro-block types
indicates intra-prediction mode,
including all components of
common intra-prediction mode
CO /Cl/C2 of 100, quantized
data quantized coefficients 0
inverse quantization in the
quantization parameter 32
used. Indicates the type of the
macroblock motion
compensation prediction (inter
(inter)) case mode, including all
components CO /Cl/ C2
common motion information
102 (motion vector and
reference image index), the
quantization of the quantized
coefficient data [ anti-
quantization parameter 32
used for quantization.

In the common encoding O
independent encoding
identification information 2
indicates "independent
encoding process" case (Fig.
15B), the film is the structure of
FIG. 3, comprises CO, one
color component CI, C2 of (Ck)
pixel macroblocks constituting
the coded data. As Ck
indicating which color CO, C1,
C2 components corresponding
to the information, at the
beginning of the sheet 33 to
provide the color component
identification flag.

MBH is included in the
encoding mode 15
corresponding to the type of
the macroblock, macroblock
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types represents the case
where the intra prediction
mode, intra prediction mode
comprises a Ck component
100, the coefficient data
quantized in the quantization.
Dequantization used
quantization parameter 32 and
the like. Macroblock types
represent motion-compensated
prediction (inter (inter)) mode of
the case, including the Ck
component motion information
102 li (motion vector and
reference image index), the
quantization coefficient data O
inverse quantization parameter
used in quantization 32 and so
on.

Another Xi Bu, although not
shown, however necessary,
sometimes insert represents an
access unit (chroma format is
4:2: 0and 4: 2: 2 in the case
or be under common encoding
process case a picture, the
case of performing the
independent encoding
processing is image 3) interrupt
(break) the unique code
(unique word) (AVC access
unit delimiter, MPEG -2
standard image start code,
MPEG- 4 standard VOP start
code, etc.). bitstream
constructed as above, even in
the4:2:0,4:2:2and 4: 4: 4,
etc. when a plurality of different
chroma formats encoded
together process, since the
encoding can be shared by
prediction mode, motion
information detection [
semantic generation method or
coded data (semantics), thus
enabling more efficient
structure coding apparatus.
Further, since it is possible to
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form a single bit-stream
performance of 4. 2: 0, 4: 2: 2
and 4: 4: 4 video and other
data encoded in different color
formats, the present
embodiment the output of the
encoding apparatus 1 bitstream
30 to meet the high
interconnectivity processing a
plurality of transmission O
recording system different
chroma formats.

In addition, the encoding
device of FIG. 4, according to
constitute only internal
encoding instruction
information 4 encoding process
control. Intra only encoding
instruction information 4 is a
signal indicating whether the
prediction encoding apparatus
based on motion compensation
prediction processing in a time
direction, in which the signal
indicates "intra only encoding"
under the case, for all the
pictures of the input video
signal 3, without motion
compensated prediction-based
time direction prediction, and
for blocking the intra coding
(intra prediction coding only).
Further, when the internal
image encoding unit while the
deblocking filter invalid. In the
intra only encoding instruction
information 4 indicates r is not
intra only encoding "case, the
input video image signal 3 is
also based motion
compensated prediction in the
time direction of prediction, the
intra performed utilizing
correlation between pictures O
All of coding. Only intra-coded
indicator information 4 in the
variable length encoding unit
27, it is supplied to the serial
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parameters set in the 30-bit
multiplexed stream. Thus, in
the bit stream 30 is decoded
into Discovery apparatus, the
sequence parameter set by the
internal coding information
indicating only 4 decoding,
confirmed its value, it is
possible to identify whether the
bit stream 30 was only intra-
coded, so carried out under the
intra only encoding, block
filtering process is not
performed, it is possible to
reduce the calculation amount
of the decoding apparatus. In
addition, only the inside of the i
coding instruction information 4
indicates the case where r is
intra only encoding ", since the
motion compensation
prediction is not performed,
and therefore does not write to
the frame memory 13 as a
reference image. By
constituting this way also
reduces the memory access.

Furthermore, Gen 4 is
configured according to the
input video signal 3 screen size
information 31 controls the
encoding process. Screen size
information 31 is within the
input video signal 3 pictures
macroblock number information
in the case of this value is
greater than a predetermined
threshold value to determine
the upper limit of the number
contained in the law blocks the
film, is controlled so that the
sheet It does not include more
than the upper limit of the
macro block. Specifically, the
image size information 31 is
input to the variable length
encoding unit 27, variable
length encoding unit 27 based
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on the image size information
31, determines the upper limit
of the number of sheets
included in the macroblock.
The number of macroblock
variable length encoding unit
27 encodes the pre-count,
when the number of macro
blocks contained in the slice
reaches the upper limit, the
closed package sheet data,
after the macro block as a new
sheet data constituting
package. Image size
information 31 is supplied to
the sequence parameter set in
the variable length coding unit
27, in a 30-bit multiplexed
stream. Thus, the input video
signal in a screen size is large
(i.e., high spatial resolution) of
the case, the coding apparatus.
Decoding apparatus capable of
parallel processing units is
determined, the task allocation
can be performed smoothly.
and It; decoding means and gt;
FIG. 16 shows the structure of
the present embodiment of the
decoding apparatus 1. Bian
decoding apparatus of FIG. 16
as an input for the bit stream
30, the structure of the chroma
format identification information
included in the bit stream of the
decoding process internal
switching, the decoding
processing of encoded data
with the plurality of different
chroma formats correspond.

4 input bit stream, the image
size information 30 is first
variable length decoding
process (variable length
decoding unit 200), the chroma
format identification information
1, the common encoding O
independent encoding
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identification information 2, the
intra only encoding instruction
information 31, etc. as the host
header information is decoded
sequence is maintained in the
decoding process. Next, in
accordance with the chroma
format identification information
1 and the common encoding [
2 independent encoding
identification information to
determine the structure of FIG
sheet 14, FIG. 15, one
macroblock structure of FIG. 2
or 3, carried out in each macro
block data decoding process.
In the decoding method of
block unit, the first compliance
decoded encoding mode 15, an
intra prediction image
generation process performed
(CO component intra predicted
image generation unit 7, Cl/
C2 component intra predicted
image generation unit 8), the
motion compensation process
(CO component motion
compensation unit 11, C1/ C2
component motion
compensation unit 12), li is
performed for the macroblock
generation of predicted images.
On the other hand, by the part
of the decoded coefficient data
quantized macroblock encoded
data as an embodiment of the
inverse quantization 0 inverse
integer transform process, the
decoding prediction residual
signal 17b (CO component
predicted residual decoding
unit 24, Cl prediction residual
component difference decoding
unit 25, C2 component
predicted residual decoding
unit 26). Next, the prediction
image 34 and predicted
residual signal 17b obtained by
adding temporary decoded
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image. In accordance with the
need to implement the
suppression of satellite
quantization block boundary
distortion of the deblocking
filter (deblocking filter unit 28),
the order used in the
subsequent predicted image
generation processing, stored
in the frame memory 201, and /
or the line memory 202. In the
case of intra only encoding
instruction information 4
indicates only embodiment
within the portion encoding r ",
the motion compensation
processing is not performed,
only internal execution
prediction image generation
process.

Below, the present
embodiment 1 is characterized,
according to the chroma format
identification information 1 and
the common encoding O
independent encoding
identification information 2, only
the internal encoding
instruction information 4, etc.
for processing switching
variable length decoding
processing, internal predicted
image generation processing,
the motion compensation
process, predicted residual
decoding process, respectively,
detailed procedures.

(1) variable length decoding
process 30 bitstream is first
input to the variable length
decoding unit 200, the analysis
processing sequence
parameter set or picture
parameter sets and other upper
header 13. In this process, the
decoding chroma format
identification information 1, the
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common encoding O
independent encoding
identification information 2, the
intra only encoding instruction
information 4, the image size
information 31. Only the
chroma format identification
information 1 indicates 4: 4. 4
chroma format case, the bit
stream 30 is extracted from the
common encoding independent
encoding identification
information 2. These
parameters during decoding
sequences, held in internal
memory variable length
decoding unit 200..

Next, slice NAL unit decoding.
First, only the chroma format
identification information 1
indicates 4: 4: 4 chroma format
and the common encoding [
independent encoding
identification information 2
indicates the case where r is an
independent encoding process
", the color component
identification flag 33 decoded,
identify the current slice
contains encoding data of
which color component.
Followed by a slice header
decoding, into a sheet
belonging to the decoding
method of block coded data.

Use Figure 17 illustrates the
arrangement and flow analysis
1 macroblock encoded data
decoding process.

In the decoding method block,
li (a) First 14, FIG. 15, the
encoding mode corresponding
to the macro block 15 species
(mb_type Fig. 17) decoding.

(b) in SWI, the evaluation
mb_type, in mb_type
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represents PCM mode
(uncompressed, the pixel
values directly in the
multiplexed bit stream mode),
the flow directly extracted from
the bit macroblock the number
of non-pixel portion of the
compressed data, the end of
the decoding process of the
law blocks.

(C) SWI mb-type is not in PCM
mode, a type evaluation mb in
SW2, and in the case is less
than the size of 8x8 block
motion compensation
prediction mode, the 8x8 block
following sub-macroblock
Category (sub a mb a type)
decodes the motion information
of each sub-block (motion
vector [ reference image
index) decoding. Then go to
SW4,

(d) in the mb_type SW2 and (c)
conditions inconsistent
evaluation mb a type in SW3,
in the case between (inter)
coding mode as the prediction
residual signal 17b of the
transformation block size can
be selected 8x8 block case, the
transformation block size
indication information 104
decoded, and then the motion
information is decoded. When
decoding the motion
information, based on the
chroma format identification
information 1, the common
encoding. Independent
encoding identification
information 2, such as
decoding or less. Then go to
SWA4 (1) When a chroma
formatis 4: 2: 0or 4: 2: 2,
motion information is decoded
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to decode CO component
motion information 102.

(2) When a chroma format is 4:
4: 4,102, 103 motion
information when the common
encoding process, motion
information decoded in
decoding is CO, CI, C2
components used in common.

(3) the chroma format is 4: 4. 4,
when the independent
encoding processing, decoding
the motion information as
motion information used for
decoding the color component
identification flag Ck
component indicated by 33 in.

(e) in the mb_type SW2 and (c)
the conditions of inconsistency
in the evaluation SW3
mb_type, at an internal 4x4
internal 8x8 prediction mode to
predict or circumstances, the
intra prediction mode
information is decoded. When
decoding the intra prediction
mode information, according to
the chroma format identification
information 1, the common
encoding. Independent
encoding identification
information 2, such as
decoding or less.

Then go to SW4.

li (1) when the chroma format
is4:2:00r4:2:2 theY
component, with the 4x4 or 8x8
block units determined CO
component intra prediction
mode 100 decodes the Cb / Cr
component to its independent
encoding Cl / C2 component
intra prediction mode 101 is
decoded.
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(2) the chroma format is 4: 4. 4,
when the common encoding
process, intra prediction mode
information is decoded in the
decoder as CO, CI, C2
components used in common
intra-prediction mode
information 100, IOlo (3) the
chroma format is 4: 4: 4, when
the independent encoding
process, intra prediction mode
information is decoded to
decode the intra-prediction
mode information used in a
color component identification
flag Ck component indicated by
33in.

(f) in the mb_type SW3
conditions (d) or (e)
inconsistent, SW4 evaluated
mb_type, in the case of internal
16x16 prediction mode, the
assembled mb_type internal
16x16 prediction mode
decoding, and then, the
chroma format identification
information 1 indicates 4: 2: O
or 4: 2: 2 chroma format of the
case where, according to (1),
and the Y component
independently C1/C2
component intra prediction
mode described above (e), 101
decoding. Next, the
quantization parameter
decoding.

(g) in an inconsistent and SW4
are mb_type (f) the conditions,
the CBP (coded block pattern)
decode, depending on the
value of CBP, expressed for all
the coefficients of the 8x8 block
0, the quantized coefficient
data decoding result set to all
zeros. If CBP represents one
8x8 block in the presence of
significant coefficients (SW5) in
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the macroblock, put the
quantization parameter
decoding. CBP is decoded in
the chroma format identification
information 1 indicates 4: 2: 0
or 4: 2: 2 chroma format, when
decoding is to determine if
there are four for the luminance
component and color difference
component 8x8 blocks of N (for
4:2:0,N=2the4:2: 2, N=
4) the information valid 8x8
blocks of coefficient data. On
the other hand, the chroma
format identification information
1 indicates 4: 4. 4 chroma
format in the common encoding
and independent encoding
identification information 2 O r
represents J common
encoding, the decoding of the
four 8x8 blocks in a
predetermined region CO,
whether the information is valid
coefficient exists one 8x8 block
of the same space Cl, C2 on
the. In the common encoding O
independent encoding
identification information 2
indicates r independent
encoding "case, in each
component CO, CI, C2in
decoding individual CBP, and
chroma format is decoded as 4:
2: 0or4: 2:1i 2:00 luminance
component of the same
definitions.

(h) on the quantization
parameter decoding method of
block decoding quantized
coefficient data.

Here, carry out compliance
noted in the chroma format
identification information 1 and
the common encoding O 2
independent encoding
identification information
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identified in Figure 14, sheet
15, the quantized coefficients
of the macroblock data
structure of data Tx (2) intra-
prediction image an intra
prediction image generation
processing generating process
7, Cl/ C2 component intra
predicted image generation unit
8 by the CO component intra
predicted image generation unit
16 of FIG. They encoding
apparatus illustrated in FIG. 4
through the same components.

In the chroma format is 4: 2: O
and 4: 2: 2 cases, CO
component intra-prediction
mode signal noted in the Y
component 200 is supplied
from the variable length
decoding unit 100, the internal
CO component prediction
image generating section 7
generates a prediction image.
As CO component intra
prediction mode 100, the
above-mentioned internal 4x4
prediction mode, the internal
8x8 prediction mode, the
internal 16x16 prediction mode
of three kinds. About internal
4x4 internal 8x8 prediction
mode and the prediction mode,
the macroblock partition blocks
of 4x4 or 8x8 pixel by pixel,
shown in Figure 5, a law in
every block, through the use of
the space near the reference
pixel to generate forecasts
prediction image. Select the
branch prediction image
generation method has nine,
using 9 in which method the
predicted image generating CO
as an internal component of
this prediction mode 100 is
supplied to the CO component
intra predicted image
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generation unit 7. Figure 5
shows an example of 4x4
blocks, while on the 8x8 pixel
blocks also define the same
pattern. This has the effect of
spatial prediction directivity
pattern same as described
above.

In addition, as no subdivision
block, directly to the 16x16
block intra prediction mode,
internal 16x16 prediction mode
(Fig. 6). In this case, four kinds
of air from FIG. 6 shows the
inter-prediction image
generation method of the
prediction selection. Effect of
this spatial prediction mode the
same as described above. on
Cb, Cr components, by the CI/
C2 component intra predicted
image generation unit 8, and
the Y component intra
prediction image is generated
independently. Figure 18
shows the internal structure of
the first embodiment of the C1/
C2 component intra predicted
image generation unit 8. The
chroma format identification
information 1 indicates 4: 2: O
chroma format or 4: 2: 2
chroma format, under, Cl/ C2
component intra prediction
mode 101 indicates one of FIG.
7 shows four patterns. Root li It
is predicted image generation
process target block number,
and chroma format
corresponding to the
processing branches to 4: 2:
OCb / Cr component intra
predicted image generation unit
8a or 4: 2: 2Cb / Cr component
intra predicted image
generation portion 8b. Further,
the chroma format is 4: 4: 4
case, Cl/ C2 component intra
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prediction mode 101 and the
CO component processing the
Y component intra prediction
mode is identical to the
definition, so the process
branches to the Y component
intra predicted image
generating unit 8c. Y
component intra predicted
image generation unit 8¢ can
be substantially the same
components with the CO
component intra predicted
image generation unit 7 is
configured, but according to the
common encoding O
independent encoding
identification information 2, r in
the case of the common
encoding process ", carried Cl /
C2 The two components of the
predicted image generated in
the case of r independent
encoding process ", only for the
Ck component by the color
component identification flag
33 corresponding to the
determined intra prediction
mode (IOla 10Ib or one) of the
corresponding prediction This
is different from the image
generation. in all intra-
prediction image generation
process, become the reference
pixels surrounding the pixel
value to be filtered is not
implemented decoded image
block. Whereby, as the CO
component predicted residual
decoding unit 24, CI
component predicted residual
decoding unit 25, C2
component predicted residual
decoding prediction block filter
17b and the prediction image
signal 34 output from the
residual decoding unit 26
obtained by adding pixel value
stored before processing line
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memory 202, for use in internal
forecasting image generation.

(3) motion compensation
processing performed by the
motion compensation
processing CO component
motion compensation unit 16 of
FIG. 11, Cl/ C2 component
motion compensation unit 12.
They encoding apparatus
illustrated in FIG. 4 had the
same components. in the
chroma format is 4: 2: 0, 4: 2:
2, the prediction signal Y in the
component 11 CO component
motion compensation unit,
according to a part of the
decoding of the macroblock
encoded data Y component
motion 102 generates
information. Sports information
includes information indicating
the use of one or more of the
reference image data stored in
the frame memory 201 in which
a reference image that the
reference image index in the
forecast, designated by the
reference image index
applicable reference image
motion vector.

Y component motion
information 102 of FIG become
motion compensation
prediction unit 7 kinds of block
sizes 8 shows corresponding
decoded. According to the
motion compensation block
size of which FIG. 8, according
to the encoding mode 15 is
described in the above
description and the variable
length decoding processing
through the operation of the
sub-macroblock types li
(sub_mb one type) is
determined. For block becomes

http://pdf9.patentorder.com/pdf/MTCN 101222644 Rt 10/17/2017



Patent Order MT Page 63 of 71

a unit of motion compensation,
Y component motion
information 102 is allocated,
from the frame memory 201 for
the reference image index
indicating the reference picture
apply the motion vectors to
obtain predicted image. About
Cb, Cr components, as shown
in FIG. 17, in the variable
length decoding unit 200, the Y
component is assigned the
same reference picture index,
the motion vector Y component
evaluates Cb / Cr component
motion information 103
(specifically, By sampling and
Y and Cb, Cr ratio
considerably, the Y component
of the motion vector obtained
by scaling).

In addition, 9, as described in
FIG. 10, in the generation
method of generating a motion
compensation predicted image
section in FIG different such as
using the Y component and Cb,
Cr components is. Motion
compensation Cb / Cr
component is carried out by
treatment Cl / C2 component
motion compensation unit 12.

FIG. 19 shows the internal
structure of the first
embodiment of the Cl/ C2
component motion
compensation unit 12. The
chroma format identification
information 1 indicates 4. 2: 0
chroma format or 4: 2: 2
chroma format case, Cb / Cr
component motion information
103 as described above, i.e.
according to the CO
component Y component
motion information 102, in the
variable length decoding unit

http://pdf9.patentorder.com/pdf/MTCN 101222644 Rk 10/17/2017



Patent Order MT Page 64 of 71

200 generates input to the Cl /
C2 component motion
compensation unit 12.
According to the number of
blocks of the predicted image
generation processing target,
and the color of the
corresponding format, the
process branches to a 4. 2:
OCb / Cr component motion
compensation unit 12a or a 4:
2: 2Cb / Cr component motion
compensation unit 12b.
Further, the chroma format is 4:
4. 4 case, Cb / Cr component
motion information 103 and
processing the Y component
since the Y component motion
information 102 is identical to
the definition, so the process
branches to a' Y component
motion compensation unit 12c.
Y component motion
compensation unit 12c¢ can be
substantially the same
components with the CO
component motion
compensation unit 11 forms,
but 2, in the case of r common
encoding process "predict Cl /
C2 two components according
to common coding O
independent encoding
identification information image
generation, in the case where r
j is the independent encoding
processing, and only for the
color component identification
flag 33 to determine the Ck
component corresponding to
the motion information (103a or
103b is one) of the
corresponding predictive image
generating this difference.

(4) prediction residual decoding
predicted residual decoding
process of FIG. 16 by the CO
component predicted residual
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decoding unit 24, CI
component predicted residual
decoding unit 25, C2
component predicted residual
decoding unit 26. 24, CI
component local decoding unit
li 25, the same C2 component
local decoding unit 26 local
decoding unit they encoding
apparatus illustrated in FIG. 4
through the CO component. is
the prediction residual
decoding processing for each
macroblock CO, CI, C2
component quantized
coefficient data 200 outputted
from the variable length
decoding unit 21, 22 [J inverse
quantization inverse transform,
the prediction residual signal
restored processing and 17b.
In the Cl component predicted
residual decoding unit 25, C2
component predicted residual
decoding unit 26, based on the
chroma format identification
information 1, the common
encoding [ independent
encoding identification
information 2, the switching for
Cl/ C2 component processing.

For the chroma format is 4: 2:
0,4: 2: Y component and a
chroma format 2:00 is 4: 4:
4:00 The CO component in the
CO component predicted
residual decoding unit 24,
make Figure 20 shows the
predicted residual decoding
process. In the present
process, first, the encoding
mode 15 indicates an internal
8x8 prediction mode or the
transformation block size
indication information 104
indicates the case where the
8x8 integer transform block
unit, quantized coefficient data
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21 according to the division of
the macroblock 4 8x8 block
units to deal with. In order to
comply with the 8x8 block units
32 of the quantization
parameter after inverse
quantization, 8x8 block units to
inverse integer transform, to
obtain the prediction residual
signal 17a is restored value
17b. In the encoding mode 15
is other cases, in accordance
with whether the encoding
mode 15 is an internal 16x16
prediction mode switching
process. When the internal
16x16 prediction mode, a
quantization coefficient data
from the first 21 for each 4x4
block size transform
coefficients of DC components
were to comply with the
quantization parameter 32, the
inverse quantization process,
followed by anti-Hadamard
transform the 4x4. Thus, to
obtain a macroblock recovery
value of each 4x4 block the DC
component. On the remaining
15 AC coefficients were also
inverse quantization processing
to comply with the quantization
parameter 32, and a DC
component obtained above in
combination, to obtain
transform coefficients inverse
quantized 4x4 block unit
completed. Finally, 4x4 inverse
integer transform them restored
to prediction residual signal
17b. In the encoding mode 15
Is not a case where the internal
16x16 prediction mode, inverse
quantization O inverse integer
transform, the prediction
residual signal restored in each
4x4 block 17b.
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For the chroma format is 4: 2:
0,4: 2: Cb 2 when, Cr
component and the chroma
format is 4: 4: Cl 4 when, C2
component, the Cl component
predicted residual decoding
unit 25, C2 component
predicted residual decoding
unit 26, respectively, predicted
residual decoding process.

About the chroma format is 4:
decoding process Cb, Cr
component of 2:00, in
accordance with a flow chart to
predict the residual 21: 2: 0 and
4. 2. 4.2: 0and 4: 2: 2 is that
the difference between li
execution unit Hadamard
transform is 2x4 2x2 block or
block. First, only the DC
component of the transform
coefficients summary 4x4
blocks constituting the block
Hadamard inverse
transformation process to
become an object, after
performing inverse quantization
inverse transform execute
Adama. For the remaining 15
AC components individually
perform inverse quantization to
perform 4x4 inverse integer
transform and DC component
combination. Thus, the
prediction residual signal
restored 17b.

FIG 22 represents ClI
component predicted residual
decoding unit 25, C2
component predicted residual
decoding unit 26 the internal
structure of. Above the chroma
format is 4: 2: 0,4: 2: Cb, Cr
components of the processing
of 2:00, in Fig. 22, planted
separately recorded as 4: 2:
OCb or Cr component
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predicted residual decoding
unit 25a, 4: 2: 2Cb or Cr
component predicted residual
decoding unit 25b, and the
difference with the same
processing as the above-
described content. On the other
hand, the chroma format is 4: 4
case, Cl/ C2 quantized
coefficient data 22 and 23 due
in accordance with the 4:: 4 2:
0,4: 2: Y component 2 of the
quantized coefficient data 21
completely The method of
encoding the same, and
therefore the process branches
to the Y component predicted
residual decoding unit 25¢. Y
component predicted residual
decoding unit 25¢ can be used
with the same components as
CO component predicted
residual decoding unit 24 is
configured.

In the intra only encoding
instruction information 4
indicates that only the internal
encoding J r under condition
that indicates the bit stream 30
in all the pictures not based
motion compensation
prediction in the time direction
of prediction, will be closed
within the frame coding (only is
intra prediction coding) is
encoded, thus making the
deblocking filter processing unit
28 is invalid. Thus, in the bit
stream 30 is input to the
decoding apparatus, in the
case where only intra-coded
block filtering process is not
performed, it is possible to
reduce the calculation amount
of the decoding apparatus.
Further, the intra only encoding
instruction information 4
indicates the case where r is
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intra only encoding ", since the
motion compensation
prediction is not performed,
and therefore not a reference
image 201 is written to the
frame memory. Further
reducing memory accesses by
this configuration.

In the present embodiment of
the decoding apparatus of
Embodiment 1 according to the
above description of the coding
apparatus output bit stream 30
is decoded input structure has
been described, but as long as
the encoding device outputs a
bit stream to comply with the
form of the 30 bit stream, enter
onlythe 4:2:2::2,0r4:2: 0
and 4: 2: 2 formats of a variety
of encoding apparatus 4
outputs O chroma format
encoding means for encoding,
or just the bit stream can be
properly decoded.

The present embodiment is
based on the above described
coding apparatus and the
decoding apparatus 1, the 4: 2:
0,4:2:2and 4: 4: 4 and the
like of a plurality of different
chroma formats, can be an
effective means O decoding
encoded uniformly li structure
can be improved
interconnectivity encoded video
data.

Further, in the present
embodiment 1, the 4: 2: 0, 4: 2:
3 2 chroma format, color space
as Y, Cb, Cr has been
described, and in addition, for
example, using Y, Pb, Pr and
other color space can get the
same effect.
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Pro-
visional Patent Application Serial No. 60/501,081, enti-
tled "VIDEO ENCODING AND DECODING TOOLS
AND TECHNIQUES" filed September 7, 2003, the dis-
closure of which is incorporated herein by reference.

TECHNICAL FIELD

[0002] Techniques and tools for bitstream-controlled
filtering are described. For example, a video encoder
provides control information for post-processing filter-
ing, and a video decoder performs bitstream-controlled
post-processing filtering with a de-ringing and/or de-
blocking filter.

BACKGROUND

[0003] Digital video consumes large amounts of stor-
age and transmission capacity. A typical raw digital vid-
eo sequence includes 15 or 30 frames per second. Each
frame can include tens or hundreds of thousands of pix-
els (also called pels). Each pixel represents a tiny ele-
ment of the picture. In raw form, a computer commonly
represents a pixel with 24 bits. Thus, the number of bits
per second, or bitrate, of a typical raw digital video se-
quence can be 5 million bits/second or more.

[0004] Meost computers and computer networks lack
the resources to process raw digital video. For this rea-
son, engineers use compression (also called coding or
encoding) to reduce the bitrate of digital video. Com-
pression can be lossless, in which quality of the video
does not suffer but decreases in bitrate are limited by
the complexity of the video. Or, compression can be
lossy, in which quality of the video suffers but decreases
in bitrate are more dramatic. Decompression reverses
compression.

[0005] In general, video compression techniques in-
clude intraframe compression and interframe compres-
sion. Intraframe compression techniques compress in-
dividual frames, typically called I-frames or key frames.
Interframe compression techniques compress frames
with reference to preceding and/or following frames,
which are typically called predicted frames, P-frames,
or B-frames.

[0006] Microsoft Corporation's Windows Media Video
Versions 8 ["WMV8"] and 9 ["WMV9"] each include a
video enceder and a video decoder. The encoders use
intraframe and interframe compression, and the decod-
ers use intraframe and interframe decompression.
There are also several international standards for video
compression and decompression, including the Motion
Picture Experts Group ["MPEG"] 1, 2, and 4 standards
and the H.26x standards. Like WMV8 and WMV9, these
standards use a combination of intraframe and inter-
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frame compression and decompression.

I. Block-based Intraframe Compression and
Decompression

[0007] Many priorart encoders use block-based intra-
frame compression. To illustrate, suppose an encoder
splits a video frame into 8x8 blocks of pixels and applies
an 8x8 Discrete Cosine Transform ["DCT"] to individual
blocks. The DCT converts a given 8x8 block of pixels
(spatial information) into an 8x8 block of DCT coeffi-
cients (frequency information). The DCT operation itself
is lossless or nearly lossless. The encoder quantizes the
DCT coefficients, resulting in an 8x8 block of quantized
DCT coefficients. Quantization is lossy, resulting in loss
of precision, if not complete loss of the information for
the coefficients. The encoder then prepares the 8x8
block of quantized DCT coefficients for entropy encod-
ing and performs the entropy enceding, which is a form
of lossless compression.

[0008] A corresponding decoder performs a corre-
sponding decoding process. For a given block, the de-
coder performs entropy decoding, inverse quantization,
an inverse DCT, etc., resulting in a reconstructed block.
Due to the quantization, the reconstructed block is not
identical to the original block. In fact, there may be per-
ceptible errors within reconstructed blocks or at the
boundaries between reconstructed blocks.

1. Block-based Interframe Compression and
Decompression

[0009] Many prior art encoders use block-based mo-
tion-compensated prediction coding followed by trans-
form coding of residuals. To illustrate, suppose an en-
coder splits a predicted frame into 8x8 blocks of pixels.
Groups of four 8x8 luminance blocks and two co-located
8x8 chrominance blocks form macroblocks. Motion es-
timation approximates the motion of the macroblock rel-
ative to a reference frame, for example, a previously
coded, preceding frame. The encoder computes a mo-
tion vector for the macroblock. In motion compensation,
the motion vector is used to compute a prediction mac-
roblock for the macroblock using information from the
reference frame. The prediction is rarely perfect, so the
encoder usually encodes blocks of pixel differences (al-
so called the error or residual blocks) between the pre-
diction and the original macroblock. The encoder ap-
plies a DCT to the error blocks, resulting in blocks of
coefficients. The encoder quantizes the DCT coeffi-
cients, prepares the blocks of quantized DCT coeffi-
cients for entropy encoding, and performs the entropy
encoding.

[0010] A ccrresponding decoder performs a corre-
sponding decoding process. The decoder performs en-
tropy decoding, inverse quantization, an inverse DCT,
etc., resulting in reconstructed error blocks. In a sepa-
rate motion compensation path, the decoder computes
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a prediction using motion vector information relative to
areference frame. The decoder combinesthe prediction
with the reconstructed error blocks. Again, the recon-
structed video is not identical to the corresponding orig-
inal, and there may be perceptible errors within recon-
structed blocks or at the boundaries between recon-
structed blocks.

I1l. Blocking Artifacts and Ringing Artifacts

[0011] Lossy compressioncan resultin noticeable er-
rors in video after reconstruction. The heavier the lossy
compression and the higher the quality of the original
video, the more likely it is for perceptible errors to be
introduced in the reconstructed video. Two common
kinds of errors are blocking artifacts and ringing arti-
facts.

[0012] Block-based compression techniques have
benefits such as ease of implementation, but introduce
blocking artifacts, which are perhaps the most common
and annoying type of distortion in digital video today.
Blocking artifacts are visible discontinuities around the
edges of blocks in reconstructed video. Quantization
and truncation (e.g., of transform coefficients from a
block-based transform) cause blocking artifacts, espe-
cially when the compression ratic is high. When blocks
are quantized independently, for example, one block
may be quantized less or more than an adjacent block.
Upon reconstruction, this can result in blocking artifacts
at the boundary between the two blocks. Or, blocking
artifacts may result when high-frequency coefficients
are quantized, if the overall content of the blocks differs
and the high-frequency coefficients are necessary to re-
construct transition detail across block boundaries.
[0013] Ringing artifacts are caused by quantization or
truncation of high-frequency transform coefficients,
whether the transform coefficients are from a block-
based transform or from a wavelet-based transform.
Both such transforms essentially represent an area of
pixels as a sum of regular waveforms, where the wave-
form coefficients are quantized, encoded, etc. In some
cases, the contributions of high-frequency waveforms
counter distortion introduced by a low-frequency wave-
form. Ifthe high-frequency coefficients are heavily quan-
tized, the distortion may become visible as a wave-like
oscillation at the low frequency. For example, suppose
an image area includes sharp edges or contours, and
high-frequency coefficients are heavily quantized. In a
reconstructed image, the quantization may cause rip-
ples or oscillations around the sharp edges or contours.

IV. Post-Processing Filtering

[0014] Blocking artifacts and ringing artifacts can be
reduced using de-blocking and de-ringing techniques.
These techniques are generally referred to as post-
processing techniques, since they are typically applied
after video has been decoded. Post-processing usually

10

15

20

25

30

35

40

45

50

55

enhances the perceived quality of reconstructed video.
[0015] The WMV8 and WMV9 decoders use special-
izedfilters to reduce blocking and ringing artifacts during
post-processing. For additional information, see Annex
A of U.S. Provisional Patent Application Serial No.
60/341,674, filed December 17, 2001 and Annex A of
U.S. Provisional Patent Application Serial No.
60/488,710, filed July 18,2003. Similarly, software im-
plementing several of the MPEG and H.26x standards
mentioned above has de-blocking and/or de-ringing fil-
ters. For example, see (1) the MPEG-4 de-blocking and
de-ringing filters as tested in the verification model and
described in Annex F, Section 156.3 of MPEG-4 draft
N2202, (2) the H.263+ post-processing filter as tested
in the Test Model Near-term, and (3) the H.264 JM post-
processing filter. In addition, numerous publications ad-
dress post-processing filtering techniques (as well as
corresponding pre-processingtechniques, in some cas-
es). Forexample, see (1) Kuo et al., "Adaptive Postproc-
essor for Block Encoded Images," IEEE Trans. on Cir-
cuits and Systems for Video Technology, Vol. 5, No. 4
(Aug. 1995), (2) O'Rourke et al., "Improved Image De-
compression for Reduced Transform Ceoding Artifacts,”
IEEE Trans. on Circuits and Systems for Video Technol-
ogy, Vol. 5, No. 6, (1995), and (3) Segall et al., "Pre- and
Post-Processing Algorithms for Compressed Video En-
hancement," Proc. 34th Asilomar Conf. on Signals and
Systems (2000).

[0016] Figure 1 is a generalized diagram of post-
processing filtering according to the prior art. A video
encoder (110) accepts source video (105), encodes it,
and produces a video bitstream (115). The video bit-
stream (115) is delivered via a channel (120), for exam-
ple, bytransmission as streaming media over a network.
A video decoder (130) receives and decodes the videc
bitstream (115), producing decoded video (135). A post-
processing filter (140) such as a de-ringing and/or de-
blocking filter is used on the decoded video (135), pro-
ducing decoded, post-processed video (145).

[0017] Strictly speaking, post-processing filtering
techniques are not needed to decode the video bit-
stream (115). Codec (enCOdet/DECoder) engineers
may decide whether to apply such techniques when de-
signing a codec. The decision can depend, for example,
on whether CPU cycles are available for a software de-
coder, or on the additional cost for a hardware decoder.
Since post-processing filtering techniques usually en-
hance video quality significantly, they are commonly ap-
plied in most video decoders today. Post-processing fil-
ters are sometimes designed independently from a vid-
eo codec, so the same de-blocking and de-ringingfilters
may be applied to different codecs.

[0018] In prior systems, post-processing filtering is
applied automatically to an entire video sequence. The
assumption is that post-processing filtering will always
at least improve video quality, and thus post-processing
filtering should always be on. From system to system,
filters may have different strengths according to the ca-
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pabilities of the decoder. Moreover, some filters selec-
tively disable or change the strength of filtering depend-
ing on decoder-side evaluation of the content of recon-
structed video, but this adaptive processing is still auto-
matically performed. There are several problems with
these approaches.

[0019] First, the assumption that post-processing fil-
tering always at leastimproves video quality is incorrect.
For high quality video that is compressed without much
loss, post-processing de-blocking and de-ringing may
eliminate texture details and noticeably blur video imag-
es, actually decreasing quality. This sometimes occurs
for high definition video encoded at high bitrates.
[0020] Second,thereis no information in the video bit-
stream that guides post-processing filtering. The author
is not allowed to control or adapt post-processing filter-
ing by introducing information in the video bitstream to
control the filtering.

V. In-Loop Filtering

[0021] Aside from post-processing filtering, several
prior art systems use in-loop filtering. In-loop filtering in-
volves filtering (e.g., de-blocking filtering) on recon-
structed reference frames during motion compensation
in the encoding and decoding processes (whereas post-
processing is applied after the decoding process). By
reducing artifacts in reference frames, the encoder and
decoder improve the quality of motion-compensated
prediction from the reference frames. For example, see
(1) section 4.4 of U.S. Provisional Patent Application Se-
rial No. 60/341,674, filed December 17, 2001, (2) sec-
tion 4.9 of U.S. Provisional Patent Application Serial No.
60/488,710, filed July 18, 2003, (3) section 3.2.3 of the
H.261 standard (which describes conditional lowpass
filtering of macroblocks), (4) section 3.4.8 and Annex J
of the H.283 standard, and (3) the relevant sections of
the H.264 standard.

[0022] In particular, the H.264 standard allows an au-
thor to turn in-loop filtering on and off, and even modify
the strength of the filtering, on a scene-by-scene basis.
The H.264 standard does not, however, allow the author
to adapt loop filtering for regions within a frame. More-
over, the H.264 standard applies only one kind of in-loop
filter.

[0023] Given the critical importance of video com-
pression and decompression to digital video, it is not
surprising that video compression and decompression
arerichly developedfields. Whateverthe benefits of pre-
vious video compression and deccempression tech-
niques, however, they do not have the advantages of
the following techniques and tools.

SUMMARY

[0024] In summary, the detailed description is direct-
ed to various techniques and tools for bitstream-control-
led filtering. For example, a video encoder puts control
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information into a bitstream for encoded video. A video
decoder decodes the encoded video and, according to
the control information, performs post-processing filter-
ing on the decoded video. With this kind of control, a
human operator can allow post-processingto the extent
it enhances video quality and otherwise disable the
post-processing. In cne scenario, the operator controls
post-processing filtering to prevent excessive blurring in
reconstruction of high-definition, high bitrate video.
[0025] The various techniques and tools can be used
in combination or independently.

[0026] In one aspect, a video encoder or other tool
receives and encodes video data, and outputs the en-
coded video data as well as control information. The
control information is for controlling post-processing fil-
tering of the video data after decoding. The post-
processing filtering includes de-blocking, de-ringing,
and/or other kinds of filtering. Typically, a human oper-
ator specifies control information such as post-process-
ing filter levels (i.e., filter strengths) or filter type selec-
tions. Depending on implementation, the control infor-
mation is specified for a sequence, scene, frame, region
within a frame, and/or at some other level.

[0027] Inanotheraspect, avideo decoder or othertool
receives encoded video data and control information,
decodes the encoded video data, and performs post-
processing filtering on the decoded video data based at
least in part upon the received control information.
Again, the post-processing filtering includes de-block-
ing, de-ringing, and/or other kinds of filtering, and the
control information is specified for a sequence, scene,
frame, region within a frame, and/or at some other level,
depending on implementation.

[0028] Additional features and advantages will be
made apparent from the following detailed description
of different embodiments that proceeds with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

Figure 1 is a diagram showing post-processing fil-
tering according to the prior art.

Figure 2 is a block diagram of a suitable computing
environment.

Figure 3 is a block diagram of a generalized video
encoder system.

Figure 4 is a block diagram of a generalized video
decoder system.

Figure 5 is a diagram showing bitstream-controlled
post-processing filtering.

Figure 6 is a flowchart showing a technique for pro-
ducing a bitstream with embedded control informa-
tion for post-processing filtering.

Figure 7 is a flowchart showing a technique for per-
forming bitstream-controlled post-processing filter-

ing.
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DETAILED DESCRIPTION

[0030] The present application relates to techniques
and tools for bitstream-controlled post-processing filter-
ing for de-blocking and de-ringing reconstructed video.
The technigues and tools give a human operator control
over post-processing filtering, such that the operator
can enable post-processing to the extent it enhances
video quality and otherwise disable the post-processing.
For example, the operator controls post-processing fil-
tering to prevent excessive blurring in reconstruction of
high-definition, high bitrate video.

[0031] Among other things, the application relates to
technigques and tools for specifying control information,
parameterizing control information, signaling control in-
formation, and filtering according to control information.
The various techniques and tools can be used in com-
bination or independently. Different embodiments imple-
ment one or more of the described techniques and tools.
[0032] While much of the detailed description relates
directly to de-blocking and de-ringing filtering during
post-processing, the techniques and tools may also be
applied at other stages (e.g., in-loop filtering in encoding
and decoding) and for other kinds of filtering.

[0033] Similarly, while much of the detailed descrip-
tion relates to video encoders and decoders, another
type of video processing tool or other tool may imple-
ment one or more of the techniques for bitstream-con-
trolled filtering.

|. Computing Environment

[0034] Figure 2 illustrates a generalized example of a
suitable computing environment (200) in which several
of the described embodiments may be implemented.
The computing environment (200) is not intended to
suggest any limitation as to scope of use or functionality,
as the techniques and tools may be implemented in di-
verse general-purpose or special-purpose computing
environments.

[0035] With reference to Figure 2, the computing en-
vironment (200) includes at least one processing unit
(210) and memory (220). In Figure 2, this most basic
configuration (230) is included within a dashed line. The
processing unit (210) executes computer-executablein-
structions and may be a real or a virtual processor. In a
multi-processing system, multiple processing units ex-
ecute computer-executable instructions to increase
processing power. The memory (220) may be volatile
memory (e.g., registers, cache, BAM), non-volatile
memory (e.g., ROM, EEPROM, flash memory, etc.), or
some combination of the two. The memory (220) stores
software (280) implementing bitstream-controlled filter-
ing techniques for an encoder and/or decoder.

[0036] A computing environment may have additional
features. For example, the computing environment
(200) includes storage (240), one or more input devices
(250), one or more cutput devices (260), and cne or
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more communication connections (270). An intercon-
nection mechanism (not shown) such as a bus, control-
ler, or network interconnects the components of the
computing environment (200). Typically, operating sys-
tem software (not shown) provides an operating envi-
ronment for other software executing in the computing
environment (200), and coordinates activities of the
components of the computing environment (200).
[0037] The storage (240) may be remaovable or non-
removable, and includes magnetic disks, magnetic
tapes or cassettes, CD-ROMs, DVDs, or any other me-
dium which can be used to store information and which
can be accessed within the computing environment
(200). The storage (240) stores the software (280) im-
plementing the bitstream-controlled filtering techniques
for an encoder and/or decoder.

[0038] The inputdevice(s) (250) may be a touch input
device such as a keyboard, mouse, pen, or trackball, a
voice input device, a scanning device, or another device
that provides input to the computing environment (200).
For audio or video encoding, the input device(s) (250)
may be a sound card, video card, TV tuner card, or sim-
ilar device that accepts audio or video input in analog or
digital form, or a CD-ROM or CD-RW that reads audio
orvideo samples into the computing environment (200).
The output device(s) (260) may be a display, printer,
speaker, CD-writer, or another device that provides out-
put from the computing environment (200).

[0039] The communication connection(s) (270) ena-
ble communication over a communication medium to
another computing entity. The communication medium
conveys information such as computer-executable in-
structions, audio or video input or output, or other data
in a modulated data signal. A modulated data signal is
a signal that has one or more of its characteristics set
or changed in such a manner as to encode information
in the signal. By way of example, and not limitation, com-
munication media include wired or wireless techniques
implemented with an electrical, optical, RF, infrared, or
other carrier.

[0040] The techniques and tools can be described in
the general context of computer-readable media. Com-
puter-readable media are any available media that can
be accessed within a computing environment. By way
of example, and not limitation, with the computing envi-
ronment (200), computer-readable media include mem-
ory (220), storage (240), communication media, and
combinations of any of the above.

[0041] The techniques and tools can be described in
the general context of computer-executable instruc-
tions, such as those included in program modules, being
executed in a computing environment on a target real
or virtual processor. Generally, program modules in-
clude routines, programs, libraries, objects, classes,
components, data structures, etc. that perform particu-
lar tasks or implement particular abstract data types.
The functionality of the program modules may be com-
bined or split between pregram modules as desired in
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various embodiments. Computer-executable instruc-
tions for program modules may be executed within a lo-
cal or distributed computing environment.

Il. Generalized Video Encoder and Decoder

[0042] Figure 3 is a block diagram of a generalized
video encoder (300) and Figure 4 is a block diagram of
a generalized video decoder (400).

[0043] The relationships shown between modules
within the encoder and decoder indicate the main flow
of information in the encoder and decoder; other rela-
tionships are not shown for the sake of simplicity. In par-
ticular, Figures 3 and 4 usually do not show side infor-
mation indicating the encoder settings, modes, tables,
etc. usedfor avideo sequence, frame/field, macroblock,
block, etc. Such side information is sent in the output
bitstream, typically after entropy encoding of the side
information. The format of the output bitstream can be
Windows Media Video version 8 format or another for-
mat.

[0044] The encoder (300) and decoder (400) are
block-based and use a 4:2:0 macroblock format with
each macroblock including 4 luminance 8x8 luminance
blocks (at times treated as one 16x 16 macroblock) and
two 8x8 chrominance blocks. The encoder (300) and de-
coder (400) operate on video pictures, which are video
frames and/or video fields. Alternatively, the encoder
(300) and decoder (400) are object-based, use a differ-
ent macroblock or block format, or perform operations
on sets of pixels of different size or configuration than
8x8 blocks and 16x16 macroblocks.

[0045] Depending on implementation and the type of
compression desired, modules of the encoder or decod-
er can be added, omitted, split into multiple modules,
combined with other modules, and/or replaced with like
modules. In alternative embodiments, encoder or de-
coders with different modules and/or other configura-
tions of modules perform one or more of the described
techniques.

A. Video Encoder

[0046] Figure 3 is a block diagram of a general video
encoder system (300). The encoder system (300) re-
ceives a sequence of video pictures including a current
picture (305), and produces compressed video informa-
tion (395) as output. Particular embodiments of video
encoders typically use a variation or supplemented ver-
sion of the generalized encoder (300).

[0047] The encoder system (300) compresses pre-
dicted pictures and key pictures. For the sake of pres-
entation, Figure 3 shows a path for key pictures through
the encoder system (300) and a path for forward-pre-
dicted pictures. Many of the components of the encoder
system (300) are used for compressing both key pic-
tures and predicted pictures. The exact operations per-
formed by those components can vary depending on the
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type of information being compressed.

[0048] A predicted picture (also called p-picture, b-
picture for bi-directional prediction, or inter-coded pic-
ture) is represented in terms of prediction (or difference)
from one or more other pictures. A prediction residual is
the difference between what was predicted and the orig-
inal picture. In contrast, a key picture (also called i-pic-
ture, intra-coded picture) is compressed without refer-
ence to other pictures.

[0049] Ifthe current picture (305) is a forward-predict-
ed picture, a motion estimator (310) estimates motion
of macroblocks or other sets of pixels of the current pic-
ture (305) with respect to a reference picture (325),
which is the reconstructed previous picture buffered in
the picture store (320). In alternative embodiments, the
reference picture is a later picture or the current picture
is bi-directionally predicted. The motion estimator (310)
outputs as side information motion information (315)
such as motion vectors. A motion compensator (330)
applies the motion information (315) to the reference
picture (325) to form a motion-compensated current pic-
ture prediction (335). The prediction is rarely perfect,
however, and the difference between the motion-com-
pensated current picture prediction (335) and the origi-
nal current picture (305) is the prediction residual (345).
Alternatively, a motion estimator and motion compensa-
tor apply another type of motion estimation/compensa-
tion.

[0050] Afrequency transformer (360) converts spatial
domain video information into frequency domain (i.e.,
spectral) data. For block-based video pictures, the fre-
quency transformer (360) applies DCT or variant of DCT
to blocks of the pixel data or prediction residual data,
producing blocks of DCT coefficients. Alternatively, the
frequency transformer (360) applies another conven-
tional frequency transform such as a Fourier transform
or uses wavelet or subband analysis. In some embodi-
ments, the frequency transformer (360) applies an 8x8,
8x4, 4x8, or other size frequency transform (e.g., DCT)
to prediction residuals for predicted pictures.

[0051] A quantizer (370) then quantizes the blocks of
spectral data coefficients. The quantizer applies uni-
form, scalar quantization to the spectral data with a step-
size that varies on a picture-by-picture basis or other
basis. Alternatively, the quantizer applies another type
of quantization to the spectral data coefficients, for ex-
ample, a non-uniform, vector, or non-adaptive quantiza-
tion, or directly quantizes spatial domain data in an en-
coder system that does not use frequency transforma-
tions.

[0052] When a reconstructed current picture is need-
ed for subsequent motion estimation/compensation, an
inverse quantizer (376) performs inverse quantization
on the quantized spectral data coefficients. An inverse
frequency transformer (366) then performs the inverse
of the operations of the frequency transformer (360),
producing a reconstructed prediction residual or recon-
structed key picture data. If the current picture (305) was
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a key picture, the reconstructed key picture is taken as
the reconstructed current picture (not shown). If the cur-
rent picture (305) was a predicted picture, the recon-
structed prediction residual is added to the motion-com-
pensated current picture prediction (335) to form the re-
constructed current picture. The picture store (320) buff-
ers the reconstructed current picture for use in predict-
ing the next picture. In some embodiments, the encoder
(300) applies an in-loop de-blocking filter to the recon-
structed picture to adaptively smooth discontinuities at
blockboundaries in the picture. For additional detail, see
U.S. Patent Application Serial No. 10/322,3883, filed De-
cember 17,2002, and U.S. Patent Application Serial No.
10/623,128, filed July 18, 2003, the disclosures of which
are hereby incorporated by reference.

[0053] The entropy coder (380) compresses the out-
put of the quantizer (370) as well as certain side infor-
mation. Typical entropy coding techniques include arith-
metic coding, differential coding, Huffman coding, run
length coding, LZ coding, dictionary coding, and combi-
nations of the above. The entropy coder (380) typically
uses different coding techniques for different kinds of
information, and can choose from among multiple code
tables within a particular coding technique.

[0054] The entropy coder (380) puts compressed vid-
eo information (395) in the buffer (390). A buffer level
indicator is fed back to bitrate adaptive modules. The
compressed video information (395) is depleted from
the buffer (390) at a constant or relatively constant bi-
trate and stored for subsequent streaming at that bitrate.
Or, the encoder system (300) streams compressed vid-
eo information at a variable rate.

[0055] Before or after the buffer (390), the com-
pressed video information (395) can be channel coded
for transmission over a network. The channel coding
can apply error detection and correction datato the com-
pressed video information (395).

[0056] In addition, the encoder (300) accepts control
information for filtering operations. The control informa-
tion may originate from a content author or other human
operator, and may be provided to the encoder through
an encoder setting or through programmatic control by
an application. Or, the control information may originate
from another source such as a module within the encod-
er (300) itself. The control information controls filtering
operations such as post-processing de-blocking and/or
de-ringing filtering, as described below. The encoder
(300) outputs the control information at an appropriate
syntax level in the compressed video information (395).

B. Video Decoder

[0057] Figure 4 is a block diagram of a general video
decoder system (400). The decoder system (400) re-
ceives information (495) for a compressed sequence of
video pictures and produces output including a recon-
structed picture (405). Particular embodiments of video
decoders typically use a variation or supplemented ver-
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sion of the generalized decoder (400).

[0058] The decoder system (400) decompresses pre-
dicted pictures and key pictures. For the sake of pres-
entation, Figure 4 shows a path for key pictures through
the decoder system (400) and a path for forward-pre-
dicted pictures. Many of the components of the decoder
system (400) are used for decompressing both key pic-
tures and predicted pictures. The exact operations per-
formed by those components can vary depending on the
type of information being decompressed.

[0059] A buffer (490) receives the information (495)
for the compressed video sequence and makes the re-
ceived information available to the entropy decoder
(480). The buffer (490) typically receives the information
at a rate that is fairly constant over time. Alternatively,
the buffer (490) receives information at a varying rate.
Before or after the buffer (490), the compressed video
information can be channel decoded and processed for
error detection and correction.

[0060] The entropy decoder (480) entropy decodes
entropy-coded quantized data as well as entropy-coded
side information, typically applying the inverse of the en-
tropy encoding performed in the encoder. Entropy de-
coding techniques include arithmetic decoding, differen-
tial decoding, Huffman decoding, run length decoding,
LZ decoding, dictionary decoding, and combinations of
the above. The entropy decoder (480) frequently uses
different decoding techniques for different kinds of infor-
mation, and can choose from among multiple code ta-
bles within a particular decoding technique.

[0061] If the picture (405) to be reconstructed is a for-
ward-predicted picture, a motion compensator (430) ap-
plies motion information (415) to a reference picture
(425) to form a prediction (435) of the picture (405) being
reconstructed. For example, the motion compensator
(430) uses a macroblock motion vector to find a mac-
roblock in the reference picture (425). A picture store
(420) stores previous reconstructed pictures for use as
reference pictures. Alternatively, a motion compensator
applies another type of motion compensation. The pre-
diction by the motion compensater (430) is rarely per-
fect, so the decoder (400) also reconstructs prediction
residuals.

[0062] An inverse quantizer (470) inverse quantizes
entropy-decoded data. In general, the inverse quantizer
(470) applies uniform, scalar inverse quantization to the
entropy-decoded data with a step-size that varies on a
picture-by-picture basis or other basis. Alternatively, the
inverse quantizer {(470) applies another type of inverse
quantization to the data, for example, a non-uniform,
vector, or non-adaptive inverse quantization, or directly
inverse quantizes spatial domain data in a decoder sys-
tem that does not use inverse frequency transforma-
tions.

[0063] An inverse frequency transformer (460) con-
verts quantized, frequency domain data into spatial do-
main video information. For block-based video pictures,
the inverse frequency transformer (460) applies an in-
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verse DCT ["IDCT"] or variant of IDCT to blocks of DCT
coefficients, producing pixel data or prediction residual
data for key pictures or predicted pictures, respectively.
Alternatively, the inverse frequency transformer (460)
applies another conventional inverse frequency trans-
formsuch as an inverse Fourier transform or uses wave-
let or subband synthesis. In some embodiments, the in-
verse frequency transformer (460) applies an 8x8, 8x4,
4x8, or other size inverse frequency transform (e.g., ID-
CT) to prediction residuals for predicted pictures.
[0064] When the decoder (400) needs a reconstruct-
ed picture for subsequent motion compensation, the pic-
ture store (420) buffers the reconstructed picture for use
in the motion compensation. In some embodiments, the
decoder (400) applies an in-loop de-blocking filter to the
reconstructed picture to adaptively smooth discontinui-
ties at block boundaries in the picture, for example, as
described in U.S. Patent Application Serial Nos.
10/322,383 and 10/623,128.

[0065] The decoder (400) performs post-processing
filtering such as de-blocking and/or de-ringing filtering.
For example, the decoder performs the post-processing
filtering as in the WMV8 system, WMV9 system, or other
system described above.

[0066] The decoder (400) receives (as part of the in-
formation (495)) control information for filtering opera-
tions. The control information affects operations such as
post-processing de-blocking and/or de-ringing filtering,
as described below. The decoder (400) receives the
control information at an appropriate syntax level and
passes the information to the appropriate filtering mod-
ules.

lll. Bitstream-Controlled Post-Processing Filtering

[0067] Insome embodiments, a video encoder allows
a content author or other human operator to control the
level of post-processing filtering for a particular se-
quence, scene, frame, or area within a frame. The op-
erator specifies control information, which is put in the
encoded bitstream. A decoder performs the post-
processing filtering according to the control information.
This lets the operator ensure that the post-processing
enhances video quality when it is used, and that post-
processing is disabled when it is not needed. For exam-
ple, the operator controls post-processing filtering to
prevent excessive blurring in reconstruction of high-def-
inition, high bitrate video.

[0068] Figure 5 is a generalized diagram of a system
(600) with bitstream-controlled post-processing filter-
ing. The details of the components, inputs, and outputs
shown in Figure 5 vary depending on implementation.
[0069] A video encoder (510) accepts source video
(505), encodes it, and produces a video bitstream {(515).
For example, the video encoder (510) is an encoder
such as the encoder (300) shown in Figure 3. Alterna-
tively, the system (500) includes a different video encod-
er (510).
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[0070] In addition to receiving the source video (505),
the encoder (510) receives post-processing control in-
formation (512) that originates from input by a content
author or other human operator. For example, the author
provides the post-processing control information (512)
directly to the encoder (610) or adjusts encoder settings
for the post-processing filtering. Or, some other applica-
tion receives input from the author, and that other appli-
cation passes post-processing control information (512)
to the encoder (510). Alternatively, instead of a human
operator specifyingthe post-processing control informa-
tion (512), the encoder (610) decides the control infor-
mation (512) according to codec parameters or the re-
sults of video encoding. For example, the encoder (510)
increases filter strength as the compression ratio ap-
plied increases (e.g., increasing filter strength for larger
quantization step size, and vice versa; or, decreasing
filter strength for greater encoded bits/pixels, and vice
versa).

[0071] The encoder (510) puts the post-processing
control information (512) in the video bitstream (515).
The encoder (510) formats the post-processing control
information (512) as fixed length codes (such as 00 for
level 0, 01 forlevel 1, 10for level 2, etc.). Or, the encoder
(510) uses a VLC / Huffman table to assign codes (such
as 0 for level 0, 10 for level 1, 110 for level 2, etc.), or
uses some othertype of entropy encoding. The encoder
(510) puts the control information (512) in a header at
the appropriate syntax level of the video bitstream (515).
For example, control information (512) for a picture is
put in a picture header for the picture. For an MPEG-2
or MPEG-4 bitstream, the location in the header could
be the private data section in the picture header.
[0072] The video bitstream (515) is delivered via a
channel (620), for example, by transmission as stream-
ing media over a network. A video decoder (5630) re-
ceives the video bitstream (515). The decoder (530) de-
codes the encoded video data, producing decoded vid-
eo (535). The decoder (5630) also retrieves the post-
processing control information (532) (performing any
necessary decoding) and passesthe centrol information
(532) to the post-processing filter (540).

[0073] The post-processing filter (640) uses the con-
trol information (532) to apply the indicated post-
processing filtering to the decoded video (535), produc-
ing decoded, post-processed video (545). The post-
processing filter (540) is, for example, a de-ringing and/
or de-blocking filter.

[0074] Figure 6 shows a technique (600) for produc-
ing a bitstream with embedded control information for
post-processing filtering. An encoder such as the en-
coder (300) shown in Figure 3 performs the technique
(600).

[0075] The encoderreceives (610) video to be encod-
ed and also receives (630) control information for post-
processing filtering. The encoder encodes (620) the vid-
eo and outputs (640) the encoded video and the control
information. In one implementation, the encoder en-
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codes (620) the video, decodes the video, and presents
the results. The author then decides the appropriate
post-processing strength, etc. for the control informa-
tion. The decision-making process for post-processing
strength and other control information may include ac-
tual post-processing in the encoder (following decoding
of the encoded frame or other portion of the video), in
which the encoder iterates through or otherwise evalu-
ates different post-processing strengths, etc. until a de-
cision is reached for the frame or other portion of the
video.

[0076] The technique (600) shown in Figure 6 may be
repeated during encoding, for example, to embed con-
trol information on a scene-by-scene or frame-by-frame
basis in the bitstream. More generally, depending on im-
plementation, stages of the technique (600) can be add-
ed, split into multiple stages, combined with other stag-
es, rearranged and/or replaced with like stages. In par-
ticular, the timing of the receipt (630) of the control in-
formation can vary depending on implementation.
[0077] Figure 7 shows a technique (700) for perform-
ing bitstream-controlled post-processing filtering. A de-
coder such as the decoder (400) shown in Figure 4 per-
forms the technique (700).

[0078] The decoder receives (710) encoded video
and controlinformation for post-processing filtering. The
decoder decodes (720) the video. The decoder then
performs (730) post-processingfiltering accordingto the
control information. The technique (700) shown in Fig-
ure 7 may be repeated during decoding, for example, to
retrieve and apply control information on a scene-by-
scene or frame-by-frame basis. More generally, de-
pending on implementation, stages of the technique
(700) can be added, splitinto multiple stages, combined
with other stages, rearranged and/or replaced with like
stages.

A. Types of Post-Processing Control Information

[0079] There are several different possibilities for the
content of the post-processing centrol information. The
type of control information uses depends on implemen-
tation. The simplest type represents an ON/OFF deci-
sion for post-processing filtering.

[0080] Another type of control information indicates a
post-processing level (i.e., strength) of de-blocking, de-
ringing, and/or other filtering. Bitstream-controlled post-
processing is particularly useful when the control infor-
mation represents the maximum allowed post-process-
ing level. For example, suppose a higher level indicates
stronger filtering. If the author indicates post-processing
level 3 for a given video frame, the decoder may apply
post-processing of level 0, 1, 2, or 3 to the given frame,
but not 4 or higher. This approach prcvides some flexi-
bility. If a software decoder does not have enough CPU
cycles available to apply level 3 for the frame, it may
only apply level 2, etc. At the same time, using a maxi-
mum allowed level achieves the main goal-ensuring that
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the videc will never be excessively blurred by post-
processing. A smart author sets the maximum allowed
level to O (i.e., no post-processing) or a low level when
the decoded video is already of high quality, and sets a
higher level when the decoded video presents more
blocking and ringing artifacts.

[0081] Alternatively, instead of maximum allowed lev-
els, the control information represents exact levels.
Such control information specifies A mandatory level of
post-processing filtering, which is useful when the au-
thor wants to control post-processing exactly. Or, the
control information represents minimum allowed levels.
This is useful when the author wants to guarantee that
at least a minimum level of post-processing filtering is
applied, for example, for very low bitrate video.

[0082] Still another type of control information repre-
sents filter type selections, instead of or in addition to
filter level information for one particular filter or filters.
For example, value 0 indicates no post-processing, val-
ue 1 indicates de-blocking, value 2 indicates de-ringing,
value 3 indicates both de-blocking and de-ringing, etc.
[0083] The control information alternatively includes
other and/or additional types of information.

B. Syntax Levels for Control Information

[0084] Depending on implementation, control infor-
mation is specified for a sequence, on a scene-by-scene
basis within a sequence, on a frame-by-frame basis, on
a region-by-region basis, or on some other basis. This
allows the author to review reconstructed video and
adapt the post-processing for a given sequence, scene,
frame, region within a frame, etc., depending on the syn-
tax level(s) at which control is enabled. Similarly, the bit-
stream includes syntax elements for control information
at the appreopriate syntax level(s) for sequence, scene,
frame, region within a frame, etc.

[0085] To specify control information for a region with-
in a frame, the author may define an area such as a rec-
tangle or ellipse, for example, and the parameters for
the size and location of the area are put in the bitstream.
For a rectangle, the area is definable by the sides (a, b)
andtop-left corner pixel location (x, y), coded using fixed
length or variable length codes. The post-processing
strength for the area is also put in the bitstream. Alter-
natively, another syntax is used to specify control infor-
mation for different regions within a frame for post-
processing filtering.

IV. Extensions

[0086] In one or more embodiments, an operator
specifies control information for in-loop filtering for a se-
quence, on a scene-by-scene basis, on a frame-by-
frame basis, on a region-by-region basis, or on some
other basis. The control information includes levels (i.
e., strengths) offilters, types of filters (e.g., to select from
among multiple available filters), and/or other types of
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information. 8. (Original) The method of claim 1 wherein the control
[0087] Having described and illustrated the principles information comprises a level for the post-process-

of our invention with reference to various embodiments,
it will be recognized that the various embodiments can
be modified in arrangement and detail without departing
from such principles. It should be understood that the
programs, processes, or methods described herein are
not related or limited to any particular type of computing
environment, unless indicated otherwise. Various types
of general purpose or specialized computing environ-
ments may be used with or perform operations in ac-
cordance with the teachings described herein. Elements
of embodiments shown in software may be implement-
ed in hardware and vice versa.

[0088] In view of the many possible embodiments to
which the principles of our invention may be applied, we
claim as our invention all such embodiments as may
come within the scope and spirit of the following claims
and equivalents thereto.

Claims

1. (Original) In a computer system, a computer-imple-
mented method comprising:

receiving video data;

encoding the video data; and

outputting the encoded video data as well as
control information for controlling post-
processing filtering of the video data after de-
coding.

2. (Original) The method of claim 1 wherein a human
operator specifies the control information.

3. (Original) The method of claim 2 wherein the oper-
ator specifies the control information directly to a
video encoder.

4. (Original) The method of claim 2 wherein the oper-
ator specifies the control information to an applica-
tion that provides the control information to a video
encoder.

5. (Original) The method of claim 1 wherein a video
encoder specifies the control information depend-
ing on one or more criteria, and wherein the one or
more criteria include quantization step size and/or
quality of the video data.

6. (Original) The method of claim 1 wherein the post-
processing filtering includes applying a de-blocking
filter.

7. (Original) The method of claim 1 wherein the post-
processing filtering includes applying a de-ringing
filter.
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21.
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ing filtering.

(Original) The method of claim 1 wherein the control
information comprises a maximum allowed level for
the post-processing filtering.

(Original) The method of claim 1 wherein the control
information comprises a minimum allowed level for
the post-processing filtering.

(Original) The methed of claim 1 wherein the control
information comprises a filter type selection for the
post-processing filtering.

(Original) The method of claim 1 further comprising
entropy encoding the control information.

(Original) The method of claim 1 wherein the control
information is specified on a sequence-by-se-
guence basis.

(Original) The method of claim 1 wherein the control
information is specified on a scene-by-scene basis.

(Original) The method of claim 1 wherein the control
information is specified on a frame-by-frame basis.

(Original) The method of claim 1 wherein the control
information is specified on a region-by-region basis.

(Original) A computer-readable medium storing
computer-executable instructions for causing the
computer system to perform the method of claim 1,

(Currently amended) A computer-implemented
method comprising:

receiving encoded video data in a bitstream as
well as control information in the bitstream for
controlling post-processing filtering;

decoding the encoded video data; and
performing the post-processing filtering on the
decoded video data based at least in part upon
the received control information.

(Original) The method of claim 18 wherein the post-
processing filtering includes applying a de-blocking
filter.

(Original) The method of claim 18 wherein the post-
processing filtering includes applying a de-ringing
filter.

(Original) The method of claim 18 wherein the con-
trol information comprises a level fer the post-
processing filtering.
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(Original) The method of claim 18 wherein the con-
trolinformation comprises a maximum allowed level
for the post-processing filtering.

(Original) The method of claim 18 wherein the con-
trol information comprises a minimum allowed level
for the post-processing filtering.

(Original) The method of claim 18 wherein the con-
trol information comprises a filter type selection for
the post-processing filtering.

(Original) The method of claim 18 further compris-
ing entropy decoding the control information.

(Original) The method of claim 18 wherein the con-
trol information is specified on a sequence-by-se-
quence basis.

(Original) The method of claim 18 wherein the con-
trol information is specified on a scene-by-scene
basis.

(Original) The method of claim 18 wherein the con-
trolinformation is specified on a frame-by-frame ba-
sis.

(Original) The method of claim 18 wherein the con-
trol information is specified on a region-by-region
basis.

(Original) A computer-readable medium storing
computer-executable instructions for causing a
computer system to performthe method of claim 18,

(Original) A computer-readable medium storing
computer-executable instructions for causing a
computer system to perform a method comprising:

receiving video data;

encoding the video data; and

outputting the encoded video data as well as
control information for controlling de-blocking
filtering, wherein the control information allows
changes to the de-blocking filteringon a region-
by-region basis within a picture.

(Original) The computer-readable medium of claim
31 wherein the de-blocking filtering is in-loop filter-
ing during decoding.

(Original) A computer-readable medium storing
computer-executable instructions for causing a
computer system to perform a method comprising:

receiving encoded video data as well as control
information for controlling de-blocking filtering;
decoding the encoded video data; and
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performing the de-blocking filtering based at
least in part upon the control information,
wherein the control information allows changes
to the de-blocking filtering on a region-by-re-
gion basis within a picture.

(Original) The computer-readable medium of claim
33 wherein the de-blocking filtering is in-loop filter-
ing during decoding.

(Original) A computer-readable medium storing
computer-executable instructions for causing a
computer system to perform a method comprising:

receiving video data;

encoding the video data; and

outputting the encoded video data as well as
control information for controlling in-loop filter-
ing, wherein the control information includes a
filter type selection for selecting from among
plural available filter types for the in-loop filter-

ing.

(Original) The computer-readable medium of claim
35 wherein the control information allows changes
to the in-loop filtering on a region-by-region basis
within a picture.

(Original) A computer-readable medium storing
computer-executable instructions for causing a
computer system to perform a method comprising:

receiving encoded video data as well as control
information for controlling in-loop filtering; de-
coding the encoded videc data; and
performing the in-loop filtering based at least in
part upon the control information, wherein the
control information includes a filter type selec-
tion for selecting from among plural available
filter types for the in-loop filtering.

(Original) The computer-readable medium of claim
37 wherein the control information allows changes
to the in-loop filtering on a region-by-region basis
within a picture.

(New) The method of claim 1 wherein the controlling
post-processing filtering comprises skipping the
post-processing filtering for at least some of the vid-
eo data.

(New) The method of claim 1 wherein the control
information specifies that a video decoder should
skip the post-processing filtering.

(New) A computer-implemented method compris-
ing:



42.

43.

a4,

21 EP 1 513 349 A2

receiving encoded video data in a bitstream as
well as control information in the bitstream for
controlling post-processing filtering;
processing the control information, including
identifying one or more syntax elements for the
control information; and

decoding the encoded video data.

(New) The method of claim 41 further comprising:

selectively performing the post-processing fil-
tering on the decoded video data based at least
in part upon the control information.

(New) The method of claim 42 wherein the selec-
tively performing comprises skipping the post-
processing filtering for at least some of the decoded
video data.

(New) The method of claim 41 wherein the one or
more syntax elements signal post-processing filter-
ing strength.
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Figure 1, prior art
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Figure 5
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DETAILED ACTION

1. This Office Action is a response to an application filed on 10/30/2017, in which

claims 1-23 are pending and ready for examination.

Notice of Pre-AlA or AIA Status

2. The present application is being examined under the pre-AlA first to invent

provisions.

Continued Examination Under 37 CFR 1.114

1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

10/30/2017 has been entered.

Response to Arguments
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3. Applicant's arguments with respect to claims 1, 2, 12, 13, and 23 have been

considered but are not persuasive.

4. In regards to claims 1, 2, 12, 13, and 23 applicant argues as follows:
a. Applicant respectfully submits that Wang neither teaches nor suggests,
“parsing a luma partition to determine a luma partition type; setting a chroma
partition; parsing a luma mode, parsing a chroma mode, and decoding a
superblock” as in amended Claims 12 and 13.
b. The Examiner cites paragraph [211] of Wang for disclosing “intra chroma
coding of the block.” However, paragraph [211] of Wang does not suggest that
an encoder selects a luma partition and luma mode, selects a chroma partition
and selects chroma mode and encodes said block using the luma partition type,
luma mode and chroma mode.

5. However, examiner respectfully disagrees.
a. In paragraph 211, Wang discloses: bit-stream of intra coded macroblock
have the following information: macroblock type, luma prediction mode, chroma
prediction mode. Furthermore, paragraph 124 discloses the computation of luma
compensation and mentions the benefit of using different block types and
suggests that adaptive block MC can be employed. Also, paragraph 11 of Wang
discloses: partitions can have 7 different sizes, and paragraph 77 and claim 6
discloses: chroma block sizes up to 16x16. Therefore, examiner believes that

Wang clearly discloses the mentioned limitation.
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6.

b. As mentioned in section (a) above, Wang discloses the limitations of: an
encoder selects a luma partition (see paragraph 124), and selects a chroma
partition (see paragraph 11, 77, and 125). Guo discloses the selection of luma
mode and chroma mode (see Fig. 1), thus, the combination of Wang and Guo
discloses the mentioned limitations.

Claims 1-23 remain rejected since the system disclosed by the applicant is

taught by the prior arts.

Claim Rejections - 35 USC § 103

The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

7.

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skKill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

Claims 1-23 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable

over Wang (US 2007/0121728 A1) in view of Guo (US 2008/0219350 A1).

8.

Regarding claim 1, Wang discloses: An apparatus, comprising:

an encoder for encoding (see paragraph 87) picture data for at least a block in a

picture (see paragraph 56 and 87), wherein multiple partition types (see paragraph

11, partitions can have 7 different sizes, and paragraph 77, chroma block sizes up
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to 16x16) are supported for intra chroma coding of the block (see paragraph 211, bit-
stream of intra coded macroblock has chroma prediction mode information), the
multiple partition types including a set of chroma partition types and a set of luma
partition types (see paragraph 13), the set of chroma partition types being different
than the set of luma partition types (see paragraph 13, luma and chroma partition
sizes are different), and wherein partition type refers to the size and number of
partitions within a macroblock (see paragraph 11, partitions can have 7 different
sizes and paragraph 13, size and number of chroma blocks varies in different
formats), wherein said encoder selects a luma partition (see paragraph 124, luma
compensation is computed by employing adaptive block MC), selects chroma
partition (see paragraph 77 and claim 6, original block size compensation
processing for chroma up to block sizes of 16x16, also see paragraph 125) and
encodes (see paragraph 78) said block using the luma partition type, luma mode and
chroma mode (see paragraph 211, bit-stream of intra coded macroblock has the
following information: macroblock type, luma prediction mode, chroma prediction
mode).

Wang does not explicitly disclose: wherein said encoder selects a luma mode,
and selects chroma mode.

However, Guo from the same or similar endeavor discloses: wherein said
encoder selects a luma mode (see Guo, paragraph 41), and selects chroma mode
(see Guo, paragraph 34), and encoding luma partition type, luma mode and chroma

mode (see Guo, Fig. 1).
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It would have been obvious to the person of ordinary skill in the art at the time of
the invention to have an “encoder selects a luma mode, and selects chroma mode” as
taught by Guo in the encoder taught by Wang to reduce calculations on obtaining
predicted modes and to improve coding efficiencies, where a low-cost hardware is
practiced with a high efficiency, a high picture quality and a low power consumption

(see Guo, paragraph 6).

9. Regarding claim 2, Wang discloses: In a video encoder (see paragraph 87), a
method, comprising:

encoding picture data for at least a block in a picture (see paragraph 56 and
87), wherein multiple partition types (see paragraph 11, partitions can have 7
different sizes, and paragraph 77, chroma block sizes up to 16x16) are supported
for intra chroma coding of the block (see paragraph 211), the multiple partition types
including a set of chroma partition types and a set of luma partition types (see
paragraph 13), the set of chroma partition types being different than the set of luma
partition types (see paragraph 13, luma and chroma partition sizes are different),
and wherein partition type refers to the size and number of partitions within a
macroblock (see paragraph 11, partitions can have 7 different sizes and paragraph
13, size and number of chroma blocks varies in different formats);

selecting a luma partition and luma mode (see paragraph 124 and 211, bit-
stream of intra coded macroblock has the following information: macroblock

type, luma prediction mode, chroma prediction mode),
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selecting a chroma partition (see paragraph 77 and claim 6, original block
size compensation processing for chroma up to block sizes of 16x16); and

encoding (see paragraph 87) said block using the luma partition type, luma
mode and chroma mode (see paragraph 211, bit-stream of intra coded macroblock
has the following information: macroblock type, luma prediction mode, chroma
prediction mode).

Wang does not explicitly disclose: selecting a chroma mode.

However, Guo from the same or similar endeavor discloses: selecting a chroma
mode (see Guo, paragraph 34).

It would have been obvious to the person of ordinary skill in the art at the time of
the invention to “select a chroma mode” as taught by Guo in the encoder taught by
Wang to reduce calculations on obtaining predicted modes and to improve coding
efficiencies, where a low-cost hardware is practiced with a high efficiency, a high picture

quality and a low power consumption (see Guo, paragraph 6).

10. Regarding claim 3, the combination of Guo and Wang discloses: The method of
claim 2, wherein a particular chroma partition type for coding the block is determined
from the set of chroma partition types responsive to a luma partition type utilized to code
the block or one or more neighboring blocks, the luma partition type being included in
the set of luma partition types (see Guo, Fig. 1 and paragraph 40-41, referring to Fig.
1, chroma mode is selected based on the Luma mode and as mentioned in

paragraph 40, luma mode is selected by searching the neighboring blocks).
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11.  Regarding claim 4, the combination of Guo and Wang discloses: The method of
claim 3, wherein for the particular chroma partition type, a largest-size available
transform matching the particular chroma partition type is selected from a set of
transforms (see Guo, paragraph 2, 41 and 43, a Hadamard transformation is
performed [41] on the macroblocks and the macroblocks are divided into 4x4
blocks. The chroma blocks are selected 4x4 as well. According to the
specification of this application, Hadamard transformation is used to determine

the transform size).

12.  Regarding claim 5, the combination of Guo and Wang discloses: The method of
claim 3, wherein from among a particular luma partition type and a particular chroma
partition type selected to code the block only the particular luma partition type is
signaled (see Guo, paragraph 41, only luma blocks are used to obtain the best
prediction mode), the particular luma partition type being selected from the set of luma
partition types and the particular chroma partition type being selected from the set of
chroma partition types (see Wang, paragraph 14 and 54, selecting color format.
Also see paragraph 11, partitions can have 7 different sizes, and paragraph 77,

chroma block sizes up to 16x16).
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13.  Regarding claim 6, the combination of Guo and Wang discloses: The method of
claim 5, wherein the particular luma partition type is absolutely coded or differentially

coded from one or more neighboring blocks (see Gou, paragraph 41).

14.  Regarding claim 7, the combination of Guo and Wang discloses: The method of
claim 2, wherein a particular chroma partition type used to code the block is determined
independently from a particular luma partition type used to code the block (see Wang,
paragraph 77 and claim 6, original block size compensation processing for
chroma up to block sizes of 16x16), the particular chroma partition type being
determined from the set of chroma partition types and the particular luma partition type

being determined from the set of luma partition types (see Guo, paragraph 43).

15.  Regarding claim 8, the combination of Guo and Wang discloses: The method of
claim 7, wherein the particular chroma partition type and the particular luma partition
types are both signaled (see Wang, paragraph 211, bit-stream of intra coded
macroblock has the following information: macroblock type, luma prediction

mode, chroma prediction mode).

16. Regarding claim 9, the combination of Guo and Wang discloses: The method of
claim 8, wherein the particular luma partition type and the particular chroma partition
type are absolutely coded or differentially coded from one or more neighboring blocks

(see Gou, paragraph 37).
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17. Regarding claim 10, the combination of Guo and Wang discloses: The method
of claim 8, wherein the particular chroma partition type is differentially coded from the

particular luma partition type (see Guo, Fig. 1).

18.  Regarding claim 11, the combination of Guo and Wang discloses: The method
of claim 2, wherein a chroma entropy coding engine used to code the block is different
from a luma entropy ceding engine used to code the block (see Guo, paragraph 2,

coding system has a luma coding and a chroma coding).

19. Regarding claim 12, claim 12 is drawn to an apparatus having limitations similar
to the method claimed in claim 2 treated in the above rejections. Therefore, method
claims 12 correspond to apparatus and method claim 2 and are rejected for the same
reasons of anticipation as used above. Furthermore, Wang discloses a decoder (see

Wang, paragraph 87).

20. Regarding claim 13, claim 13 is drawn to a method having limitations similar to
the method claimed in claim 2 treated in the above rejections. Therefore, method
claims 13 correspond to apparatus and method claim 2 and are rejected for the same
reasons of anticipation as used above. Furthermore, Wang discloses a decoder (see

Wang, paragraph 87).
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21. Regarding claims 14 and 15, claims 14 and15 are drawn to a method having
limitations similar to the method claimed in claims 3 and 4 treated in the above
rejections. Therefore, method claims 14 and 15 correspond to apparatus and method

claims 3 and 4 and are rejected for the same reasons of anticipation as used above.

22. Regarding claim 16, the combination of Guo and Wang discloses: The method
of claim 14, wherein from among a particular luma partition type and a particular chroma
partition type selected to code the block only information indicating the particular luma
partition type is received from a corresponding encoder for use in decoding the block
(see Guo, paragraph 41, only luma blocks are used to obtain the best prediction
mode, also see Wang, paragraph 129), the particular luma partition type being
selected from the set of luma partition types and the particular chroma partition type
being selected from the set of chroma partition types (see Wang, paragraph 14 and
54, selecting color format. Also see paragraph 11, partitions can have 7 different

sizes, and paragraph 77, chroma block sizes up to 16x16).

23. Regarding claims 17 and 18, claims 17 and 18 are drawn to a method having
limitations similar to the method claimed in claims 6 and 7 treated in the above
rejections. Therefore, method claims 17 and 18 correspond to apparatus and method

claims 6 and 7 and are rejected for the same reasons of anticipation as used above.
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24. Regarding claim 19, the combination of Guo and Wang discloses: The method
of claim 18, wherein information indicating both the particular chroma partition type and
the particular luma partition types is received from a corresponding encoder for use in

decoding the block (see Wang, paragraph 129).

25. Regarding claims 20-22, claims 20-22 are drawn to a method having limitations
similar to the method claimed in claims 9-11 treated in the above rejections. Therefore,
method claims 20-22 correspond to apparatus and method claims 9-11 and are rejected

for the same reasons of anticipation as used above.

26. Regarding claim 23, claim 23 is drawn to a computer readable storage medium
having limitations similar to the apparatus claimed in claim 1 treated in the above
rejections. Therefore, computer readable storage medium claim 23 corresponds to

apparatus claim 1 and is rejected for the same reasons of anticipation as used above.

Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not
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mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MARYAM NASRI whose telephone number is (571)270-
7158. The examiner can normally be reached on Mon-Thr SAM-6PM.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Joseph Ustaris can be reached on (571) 272-7383. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 13/389,872 Page 14
Art Unit: 2483

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000

/MARYAM NASRI/
Examiner, Art Unit 2483

/BEHROOZ SENFI/
Primary Examiner, Art Unit 2482
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Receipt date: 10/30/2017 13/389,872 - GAU: 2483

Doc code: IDS PTO/SB/08a (01-10)
o . - - Approved for use through 07/31/2012. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.

Application Number 13389872

Filing Date P012-02-10
INFORMATION DISCLOSURE First Named Inventor IXU etal
STATEMENT BY APPLICANT At Unit 103
( Not for submission under 37 CFR 1.99)

Examiner Name NASRI, MARYAM A

Attorney Docket Number PU090108-US-PCT

U.S.PATENTS | Remove |
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns,Lines where
- Patent Number Issue Date : Relevant Passages or Relevant
Initial No Code! of cited Document .
Figures Appear
1 H063291 P013-13-12 GENNETTEN
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS | Remove |
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
- Cite No : Relevant Passages or Relevant
Initial Number Code'| Date of cited Document .
Figures Appear
1 20080219530 P008-09-11 | EVANON et al.

If you wish to add additional U.S. Published Application citation information please click the Add button.l Add |

FOREIGN PATENT DOCUMENTS |Remove|
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publicaticn Apblicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document .
Figures Appear
1 FP1513349 P 2005-03-09 [MICROSOFT CORP.

2 |EN101222644 CN 2008-07-16 ‘\é'gggBISHI ELECTRIC %

3 CN1440053 CN 2003-09-03 [FHEJIANG UNIV X
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10/30/2017 13/389.872 — GAU: 2483
Application Number 13389872

Filing Date 2012-02-10

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | XU et al.

Art Unit 2483

Examiner Name NASRI, MARYAM A.
Attorney Docket Number PU090108-US-PCT

4 CN1585495 CN 2005-02-23 SBHANGHAI UNIV X
- COMPUTING
5 CN1784015 CN 2006-06-07 TECHNOLOGY INST X

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS |Remove|

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add |

EXAMINER SIGNATURE

Examiner Signature || /MARYAM A NASRI/ Date Considered 12/04/2017

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ® Applicant is to place a check mark here if
English language translation is attached.
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10/30/2017 13/389.872 — GAU: 2483
Application Number 13389872

Filing Date 2012-02-10

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | XU et al.

Art Unit 2483

Examiner Name NASRI, MARYAM A.
Attorney Docket Number PU090108-US-PCT

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
X Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

None

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Ronald J. Kolczynski/ Date (YYYY-MM-DD) 2017-10-26

Name/Print Ronald J. Kolczynski Registration Number 57,177

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 10/30/2017 13/389,872 - GAU: 2483

Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to oppasing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Receipt date: 08/28%/2017 13/389,872 - GAU: 2483

Doc code: IDS PTOISB/08a (01-10)
Doc description: Information Disclosure Statement {IDS) Filed U.S. Patent and Tr‘:zz::fkdé‘;;i:;e&?ggggpfgﬁéﬁ'gygghﬁmé?gé
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.
Application Number 13389872
Filing Date P012-02-10
INFORMATION DISCLOSURE First Named Inventor IXU et al.
STATEMENT BY APPLICANT At Unit 103
( Not for submission under 37 CFR 1.99)
Examiner Name NASRI, MARYAM A.
Attorney Docket Number PU090108-US-PCT

U.S.PATENTS | Remove |
. . . . Pages,Columns,Lines where
E).(gmlner Cite Patent Number Kind Issue Date Na"f‘e of Patentee or Applicant Relevant Passages or Relevant
Initial No Code? of cited Document .
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS | Remove |
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
- Cite No : Relevant Passages or Relevant
Initial Number Codel| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button.l Add |

FOREIGN PATENT DOCUMENTS |Remove|
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publicaticn Apblicant of cited where Relevant Ts
Initial* No | Number3 Code2j Code?| Date PP Passages or Relevant
Document .
Figures Appear
1 CN1487474 CN 2004-04-07 [(MICROSOFT CORP hrd
2 CN101438591 CN 2009-05-20 [(MICROSOFT CORP |Z
3 W02006124885 WO 2006-11-23 KYLINTV, INC. |:|
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08/29/2017 13/389,.872 — GAU: 2483

Application Number 13389872

Filing Date 2012-02-10
INFORMATION DISCLOSURE First Named Inventor | XU et al.
STATEMENT BY APPLICANT At Unit 183
( Not for submission under 37 CFR 1.99)

Examiner Name NASRI, MARYAM A.

Attorney Docket Number PU090108-US-PCT

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS |Remove|

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add |
EXAMINER SIGNATURE

Examiner Signature || /MarvamM a NAaSRI/ Date Considered 12/04/2017

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ® Applicant is to place a check mark here if
English language translation is attached.
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09/26/2017 13/389.872 — GAU: 2483
Application Number 13389872

Filing Date 2012-02-10

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | XU et al.

Art Unit 2483

Examiner Name NASRI, MARYAM A.
Attorney Docket Number PU090108-US-PCT

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
X from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
X Fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

None

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Ronald J Kolczynskif Date (YYYY-MM-DD) 2017-09-29

Name/Print Ronald J. Kolczynski Registration Number 57,177

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Receipt date: 08/28%/2017 13/389,872 - GAU: 2483

Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to oppasing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1874, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PTO/SB/30 {07-09)

Approved for use through 07/31/2012. OMB 0651-003-
us. Pete-’ﬁ fmrJ Tradema\k Offce L- 3. DEPARTMENT OF C‘O'\/I'\/lFRCF
1ins g valid OME control rm'nner

Re?ue‘%t Application Number 13/389,872
or - i
. . . Filing Date February 10, 2012
Continued Examination (RCE) 4
Transmittal First Named inventor X etal

Address to: ' . 2483

Mail Stop RCE Art Unit

Commissioner for Patents : Maryam A Nasri

E O, Box 1450 Examiner Name
\ Alexandria, VA 22313-1450 Attorney Docket Number |PU090108 US PCT J

This is a Request for Continued Examination (RCE} under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. See Instruction Sheet for RCEs {not to be submitted to the USPTC) onpage 2

1. |Submission required under 37 CFR 1.114 Note: If the RCE is proger, any previously filed unentered amendments and
amendments enclosed with the RCE will be entered in the order in which they were filed unless applicant instructs otherwise, If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request non-entry of such
amendment{(s).

E Previously submitied. If a final Office action is ouistanding, any amendments filed after the final Office action may be

considered as a submission even if this box is not checked.

Consider the arguments in the Appeal Brief or Reply Brief previously filed on

i [:I Other
b. E Enciosed

¥ 1 Amendment/Repl information Disclosure Statement (IDS)
piy il (1DS)

[:] Affidavit(s)/ Declaration(s) v, [:E Other

2. {Miscellaneous
Suspension of action on the above-identified application is requested under 37 CFR 1.103{c) for a
period of months. (Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17() required)
Other

3. The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.

The Director is hereby authorized to charge the following fees, any underpayment of fees, or credit any overpayments, to

a. Deposit Account No. _07-0832
i

RCE fee required under 37 CFR 1.17(g)

Ty

i, g Extension of time fee (37 CFR 1.136

[j Other

b. EE Check in the amount of § enclosed

and 1.17)

c. D Payment by credit card (Form PTO-2038 enciosed)

WARNING: information on this form may become public. Credit card information should not be included on this form. Provide credit
card information and authotization on PTO-2038.

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED A
Signature /Ronald J. Kolozynski/ Date March 9, 2018
L Name {Print'Type) | Ronald J. Kolozynski Registration No. {57 477
! v

CERTIFICATE OF MAILING OR TRANSMISSION

I hereby ceriify that this correspondence is being deposiied with the Uniled States Postal Service with sufficient postage as first class mail in an envelope
addressed to: Mail Stop RCE, Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450 or facsimile transmitted 10 the UGS, Patent and Trademark
Office on the date shown below.

Signature

Name {Print/Type) § Date |

This collection of information is required by 37 CFR 1.114. The information is required to obiain or retain a henefit by the public which is o file (and by the USPTC
to processy an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is es stimated to take 12 minutes to com iplete,
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Filing Qualifications:
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with your submission of the attached form related 1o a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: {1} the general authority for the
collection of this information is 35 U.3.C. 2(b)(2); (2) furnishing of the informatlion solicited is voluntary;
and (33 the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is 10 process and/or examine your submission related to a patent application or patent. if you do
not furnish the requested information, the U.S. Pateni and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be freated confidentially to the extent allowed under the
Freedom of information Act (5 U.8.C. 552) and the Privacy Acl (5 U.8.C 352a). Records from
this system of records may be disclosed {o the Department of Justice to determine whether
disciosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence {0 a court, magistrale, or adminisirative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submilting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matier of the
record.

A record in this system of records may be disclosed, as a rouling use, {0 a contracior of the
Agency having need for the information in order {o perform a contract. Recipientis of
information shall be required to comply with the requirements of the Privacy Act of 1874, as
amended, pursuant io 5 U.S.C. 552a{m).

A record related o an Intemnational Application filed under the Pateni Cooperation Treaty in
this system of records may be disclosad, as a routine use, o the Iniernational Bureau of the
World intellectual Property Organization, pursuant to the Palent Cooperation Trealy.

A record in this system of records may be disclosed, as a routine use, {o another federal
agency for purposes of National Securily review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.5.C. 218(0)).

A record from this system of records may be disclosad, as a routine use, o the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvemenis in records management
practices and programs, under authority of 44 U.8.C. 2804 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (e, GSA or Commerce) directive. Such disclosure shall not
be used to make determinations aboul individuals.

A record from this system of records may be disclosed, as a routine use, 1o the public after
either publication of the application pursuant io 35 U.8.C. 122(b) or issuance of a patent
pursuant o 35 U.S.C. 151, Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandonad or in which the proceedings were terminated and which application is
referenced by either a published application, an application open {o public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or jocal law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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CUSTOMER NO.: 24498 Attorney Docket: PU090108
Serial No.: 13/389,872

Final Office Action dated: December 14, 2017

Response: March 9, 2018 with Request for Continued Examination

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Qian Xu et al.

Serial No.:  13/389,872 Examiner: Nasri, Maryam

Filed: February 10, 2012

For: METHODS AND APPARATUS FOR
IMPROVED INTRA CHROMA ENCODING | Group Art: 2483
AND DECODING

AMENDMENT UNDER 37 C.F.R. §1.114

Mail Stop RCE
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

Please enter and consider the following amendments and remarks.

Amendments to, and Listing of, the Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 8 of this paper.
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CUSTOMER NO.: 24498 Attorney Docket: PU090108
Serial No.: 13/389,872

Final Office Action dated: December 14, 2017

Response: March 9, 2018 with Request for Continued Examination

Amendments to. and Listing of, the Claims

This listing of claims will replace all prior versions, and listings, of claims in the

application:

1. (Currently Amended) An apparatus, comprising:

an encoder for encoding picture data for at least a block in a picture, wherein multiple
partition types are supported for intra prediction chroma coding of the block, the multiple
partition types including a set of multiple chroma partition types of sizes 16x16. 8x8, 4x4 and a

set of multiple luma partition types, wherein a particular chroma partition type using a single

chroma intra prediction mode for coding the partitioned block is determined from the set of

multiple chroma partition types, independently from a particular luma partition type used to code

the block and the particular luma type being determined from the set of luma partition types, or a

particular chroma partition type using a single chroma intra prediction mode for coding the

partitioned block is determined from the set of chroma partition types in response to a luma

partition type utilized to code the block or the block’s one or more neighboring blocks, the luma

partition type being included in the set of luma ehrema partition types beine-differentthantheset

2. (Currently Amended) In a video encoder, a method, comprising:

encoding picture data for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma coding of the block, the multiple partition types including
a set of multiple chroma partition types of sizes 16x16. 8x8. 4x4 and a set of multiple luma

partition types, wherein a particular chroma partition type using a single chroma intra prediction

mode for coding the partitioned block is determined from the set of multiple chroma partition

types, independently from a particular luma partition type used to code the block and the

particular luma type being determined from the set of luma partition types, or a particular chroma
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Final Office Action dated: December 14, 2017

Response: March 9, 2018 with Request for Continued Examination

partition type using a single chroma intra prediction mode for coding the partitioned block is

determined from the set of chroma partition types in response to a luma partition type utilized to

code the block or the block’s one or more neighboring blocks, the luma partition type being

included in the set of luma ehroma partition types being-differentthanthe-setof-lumapartition

aye nd horaotn on aye aofo o-the o a mMhe a a At s 1 A oablo
Y1 5 vy wien O Y1 O o - v O wien O Vv cl cl wivaaw

3. (Previously Presented) The method of claim 2, wherein a particular chroma partition
type for coding the block is determined from the set of chroma partition types responsive to a
luma partition type utilized to code the block or one or more neighboring blocks, the luma

partition type being included in the set of luma partition types.

4. (Original) The method of claim 3, wherein for the particular chroma partition type, a
largest-size available transform matching the particular chroma partition type is selected from a

set of transforms.

5. (Previously Presented) The method of claim 3, wherein from among a particular luma
partition type and a particular chroma partition type selected to code the block only the particular
luma partition type is signaled, the particular luma partition type being selected from the set of
luma partition types and the particular chroma partition type being selected from the set of

chroma partition types.

6. (Previously Presented) The method of claim 5, wherein the particular luma partition

type is absolutely coded or differentially coded from one or more neighboring blocks.

7. (Previously Presented) The method of claim 2, wherein a particular chroma partition

type used to code the block is determined independently from a particular luma partition type
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used to code the block, the particular chroma partition type being determined from the set of
chroma partition types and the particular luma partition type being determined from the set of

luma partition types.

8. (Previously Presented) The method of claim 7, wherein the particular chroma partition

type and the particular luma partition types are both signaled.

9. (Previously Presented) The method of claim 8, wherein the particular luma partition
type and the particular chroma partition type are absolutely coded or differentially coded from

one or more neighboring blocks.

10. (Previously Presented) The method of claim 8, wherein the particular chroma

partition type is differentially coded from the particular luma partition type.

11. (Original) The method of claim 2, wherein a chroma entropy coding engine used to

code the block is different from a luma entropy coding engine used to code the block.

12. (Currently Amended) An apparatus, comprising:

a decoder for decoding picture data for at least a block in a picture, wherein multiple
partition types are supported for intra prediction chroma decoding of the block, the multiple
partition types including a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a

set of multiple luma partition types, wherein a particular chroma partition type using a single

chroma intra prediction mode for coding the partitioned block is determined from the set of

multiple chroma partition types, independently from a particular luma partition type used to code

the block and the particular luma type being determined from the set of luma partition types, or a

particular chroma partition type using a single chroma intra prediction mode for coding the

partitioned block is determined from the set of chroma partition types in response to a luma

partition type utilized to code the block or the block’s one or more neighboring blocks, the luma

partition type being included in the set of luma ehrema partition types beine-differentthantheset
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13. (Currently Amended) In a video decoder, a method, comprising:

decoding picture data for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma decoding of the block, the multiple partition types
including a set of multiple chroma partition types of sizes 16x16, 8x8. 4x4 and a set of multiple

luma partition types, wherein a particular chroma partition type using a single chroma intra

prediction mode for coding the partitioned block is determined from the set of multiple chroma

partition types, independently from a particular luma partition type used to code the block and

the particular luma type being determined from the set of luma partition types, or a particular

chroma partition type using a single chroma intra prediction mode for coding the partitioned

block is determined from the set of chroma partition types in response to a luma partition type

utilized to code the block or the block’s one or more neighboring blocks, the luma partition type

being included in the set of luma ehrema partition types being-different-thanthe-setofHuma

N1 At s ave nd haoratn At s ave afo a a a a mMhe a N1 At s
wien O Y1 5 vy wien O Y1 O o - v O wien O

14. (Previously Presented) The method of claim 13, wherein a particular chroma
partition type for decoding the block is determined from the set of chroma partition types
responsive to a luma partition type utilized to decode the block or one or more neighboring

blocks, the luma partition type being included in the set of luma partition types.
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15. (Original) The method of claim 14, wherein for the particular chroma partition type,
a largest-size available transform matching the particular chroma partition type is selected from a

set of transforms.

16. (Previously Presented) The method of claim 14, wherein from among a particular
luma partition type and a particular chroma partition type selected to code the block only
information indicating the particular luma partition type is received from a corresponding
encoder for use in decoding the block, the particular luma partition type being selected from the
set of luma partition types and the particular chroma partition type being selected from the set of

chroma partition types.

17. (Previously Presented) The method of claim 16, wherein the particular luma partition

type is absolutely decoded or differentially decoded from one or more neighboring blocks.

18. (Previously Presented) The method of claim 13, wherein a particular chroma
partition type used to code the block is determined independently from a particular luma partition
type used to code the block, the particular chroma partition type being determined from the set of
chroma partition types and the particular luma partition type being determined from the set of

luma partition types.

19. (Previously Presented) The method of claim 18, wherein information indicating both
the particular chroma partition type and the particular luma partition types is received from a

corresponding encoder for use in decoding the block.
20. (Previously Presented) The method of claim 19, wherein the particular luma partition
type and the particular chroma partition type are absolutely decoded or differentially decoded

from one or more neighboring blocks.

21. (Previously Presented) The method of claim 19, wherein the particular chroma

partition type is differentially decoded from the particular luma partition type.
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22. (Original) The method of claim 13, wherein a chroma entropy decoding engine used

to decode the block is different from a luma entropy decoding engine used to decode the block.

23. (Currently Amended) A non-transitory computer-readable storage media having
video signal data encoded thereupon, comprising:

picture data encoded for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma coding of the block, the multiple partition types including
a set of multiple chroma partition types of sizes 16x16. 8x8. 4x4 and a set of multiple luma

partition types, wherein a particular chroma partition type using a single chroma intra prediction

mode for coding the partitioned block is determined from the set of multiple chroma partition

types, independently from a particular luma partition type used to code the block and the

particular luma type being determined from the set of luma partition types, or a particular chroma

partition type using a single chroma intra prediction mode for coding the partitioned block is

determined from the set of chroma partition types in response to a luma partition type utilized to

code the block or the block’s one or more neighboring blocks, the luma partition type being

included in the set of luma ehroma partition types being-differentthanthe setof-lumapartition

aye nd horaotn on aye aofo o-the o a mMhe a a At s 1 A oablo
Y1 5 vy wien O Y1 O o - v O wien O Vv cl cl wivaaw
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Response: March 9, 2018 with Request for Continued Examination

REMARKS

This communication is being submitted in response to the Final Office Action mailed
December 14, 2017, for which a shortened statutory period of three months ending March 14, 2018
was set. A Request for Continued Examination is submitted herein. The Office Action has been
reviewed and carefully considered. The claims have been amended. No new matter has been
added. Reconsideration of the prior rejections in light of the timely filing of the instant remarks,
amendments, and Request for Continued Examination is respectfully requested. Please charge any
necessary fees to deposit account 07-0832.

Claims 1-23 are pending.

Rejection of Claims 1-23 under 35 U.S.C. §103
Claims 1-23 are rejected under 35 U.S.C. §103(a) as being unpatentable over Wang (US
2007/0121728 al) in view of U.S. Pat. App. Pub. No 2008/0219350 to Guo (hereinafter “Guo”).

The independent claims currently pending are Claims 1, 2, 12, 13, and 23. These claims
have been amended. Applicant respectfully notes that the amended claims substantially conform
to those given a notice of allowability in the corresponding EP counterpart application.

Amended Claim 1 recites, inter alia, “an encoder for encoding picture data for at least a
block in a picture, wherein multiple partition types are supported for intra prediction chroma
coding of the block, the multiple partition types including a set of multiple chroma partition
types of sizes 16x16, 8x8, 4x4 and a set of multiple luma partition types, wherein a particular
chroma partition type using a single chroma intra prediction mode for coding the partitioned
block is determined from the set of multiple chroma partition types, independently from a
particular luma partition type used to code the block and the particular luma type being
determined from the set of luma partition types, or a particular chroma partition type using a
single chroma intra prediction mode for coding the partitioned block is determined from the set
of chroma partition types in response to a luma partition type utilized to code the block or the
block’s one or more neighboring blocks, the luma partition type being included in the set of luma
partition types.”

Claim 2 has been similarly amended.
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Claim 13 has been amended to recite, inter alia, “decoding picture data for at least a block
in a picture, wherein multiple partition types are supported for intra prediction chroma decoding
of the block, the multiple partition types including a set of multiple chroma partition types of
sizes 16x16, 8x8, 4x4 and a set of multiple luma partition types, wherein a particular chroma
partition type using a single chroma intra prediction mode for coding the partitioned block is
determined from the set of multiple chroma partition types, independently from a particular luma
partition type used to code the block and the particular luma type being determined from the set
of luma partition types, or a particular chroma partition type using a single chroma intra
prediction mode for coding the partitioned block is determined from the set of chroma partition
types in response to a luma partition type utilized to code the block or the block’s one or more
neighboring blocks, the luma partition type being included in the set of luma partition types.”

Claim 12 has been similarly amended.

Wang discloses a method of optimizing decoding of MPEG4 compliant coded
signals. The method disables processing for non-main profile sections, performs
reference frame padding and adaptive motion compensation. The method further
performs fast inverse DCT, but not on areas based on whether a 4x4 block may be all
zero or only the DC transform coefficient is non-zero, and including CAVLC encoding of
residual data. The reference frame padding comprises compensating for motion vectors
extending beyond a reference frame by adding to at least the length and width of the
reference frame. Adaptive motion compensation includes original blocks size
compensation processing for chroma up to block sizes of 16x16.

The Examiner cites Wang as disclosing several aspects of the independent claims,
such as multiple partition types for intra chroma coding of the block. However, the
pending claims have been amended.

Applicant respectfully submits that Wang neither teaches nor suggests, “wherein a
particular chroma partition type using a single chroma intra prediction mode for decoding
the partitioned block is determined from the set of multiple chroma partition types,
independently from a particular luma partition type used to code the block and the
particular luma type being determined from the set of luma partition types, or a particular

chroma partition type using a single chroma intra prediction mode for coding the
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partitioned block is determined from the set of chroma partition types in response to a
luma partition type utilized to code the block or the block’s one or more neighboring
blocks, the luma partition type being included in the set of luma partition types” as in
amended Claims 12 and 13.

Applicant also respectfully submits that Wang does not disclose that an encoder
performs analogous operations, as in amended Claims 1 and 2.

The Examiner also cites paragraph [211] of Wang for disclosing “intra chroma
coding of the block.” However, Applicant respectfully submits that paragraph [211] of
Wang neither teaches nor suggests the features of the present amended claims.

Guo also does not disclose these features. Figure 1 of Guo shows “luma mode decision”
and “chroma mode decision” but does not disclose “multiple partition types including a set of
multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a set of multiple luma partition
types, wherein a particular chroma partition type using a single chroma intra prediction mode for
coding the partitioned block is determined from the set of multiple chroma partition types,
independently from a particular luma partition type used to code the block and the particular
luma type being determined from the set of luma partition types, or a particular chroma partition
type using a single chroma intra prediction mode for coding the partitioned block is determined
from the set of chroma partition types in response to a luma partition type utilized to code the
block or the block’s one or more neighboring blocks, the luma partition type being included in
the set of luma partition types” in any way. So, Applicant respectfully submits that Guo also
does not disclose this additional feature.

Applicant again respectfully submits that the amended features of the independent claims
are neither taught nor suggested by any combination of Wang and Guo.

Reconsideration of the rejections is respectfully requested.

For at least the same reasons, the dependent claims are also respectfully submitted to be
non-obvious over any combination of Wang and Guo.

In view of the foregoing, and the timely filing of the instant remarks, amendment, and a
Request for Continued Examination, Applicants respectfully request that the rejections of the claims
set forth in the Office Action of December 14, 2017 be withdrawn, that the pending claims be

allowed, and that the case proceed to early issuance of Letters Patent in due course.

10
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It is believed that a fee for a Request for Continued Examination is currently due.
However, in the event that any additional fees or charges are required at this time in connection

with the application, they may be charged to applicants' Deposit Account No. 07-0832.

Respectfully submitted,
By:  /Ronald Kolczynski/

Ronald Kolczynski, Attorney for Applicants
Registration No.: 57,177

Thomson Licensing LLC
Patent Operations

4 Research Way, 3" Floor
Princeton, NJ 08540
(609) 734-6870

Dated: March 9, 2018

11
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U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DETAILED ACTION

1. This Office Action is a response to an application filed on 03/09/2018, in which

claims 1-23 are pending and ready for examination.

Notice of Pre-AlA or AlA Status

2. The present application is being examined under the pre-AlA first to invent

provisions.

Continued Examination Under 37 CFR 1.114

3. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

03/09/2018 has been entered.

Response to Arguments

4, Applicant's arguments with respect to claims 1, 2, 12, 13, and 23 have been

considered but are not persuasive.
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5. In regards to claims 1, 2, 12, 13, and 23 applicant argues as follows:
a. The combination of Wand and Guo does not disclose the limitation of
‘wherein a particular chroma partition type using a single chroma intra prediction
mode for coding the partitioned block is determined from the set of multiple
chroma partition types, independently from a particular luma partition type used
to code the block and the particular luma type being determined from the set of
luma partition types, or a particular chroma partition type using a single chroma
intra prediction mode for coding the partitioned block is determined from the set
of chroma partition types in response to a luma partition type utilized to code the
block or the block’s one or more neighboring blocks, the luma partition type being
included in the set of luma partition types” as recited by claims 1, 2, 12, 13, and
23.
b. The Examiner cites paragraph [211] of Wang for disclosing “intra chroma
coding of the block.” However, paragraph [211] of Wang does not suggest the
features of the present amended claims.

6. However, examiner respectfully disagrees.
a. Examiner believes that the mentioned limitation has been disclosed by
the combination of Wang and Guo. Please see the rejection bellow for more
information.

b. In paragraph 211, Wang discloses: bit-stream of intra coded macroblock

have the following information: macroblock type, luma prediction mode, chroma

prediction mode. This statement shows that the intra coded bit-stream contains
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chroma blocks that are intra coded. Therefore, examiner believes that Wang
clearly discloses the mentioned limitation.
7. Claims 1-23 remain rejected since the system disclosed by the applicant is

taught by the prior arts.

Claim Objections

Claims 1, 2, 12, 13, and 23 are objected to because of the following informalities:
Claim 1, line 11, please correct for “... in response to a luma partition type utilized to

13

code the block or the block’s one or more neighboring blocks...” to “... in response to a
luma partition type utilized to code the block or the blocks of one or more neighboring

blocks...”. Appropriate correction to all the mentioned claims is required.

Claim Rejections - 35 USC § 103

The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

8. Claims 1-23 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable

over Wang (US 2007/0121728 A1) in view of Guo (US 2008/0219350 A1).
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9. Regarding claim 1, Wang discloses: An apparatus, comprising:

an encoder for encoding (see paragraph 87) picture data for at least a block in a
picture (see paragraph 56 and 87), wherein multiple partition types (see paragraph
11, partitions can have 7 different sizes, and paragraph 77, chroma block sizes up
to 16x16) are supported for intra prediction chroma coding of the block (see paragraph
211, bit-stream of intra coded macroblock has chroma prediction mode
information), the multiple partition types including a set of multiple chroma partition
types (see paragraph 13, i.e. two chroma samples of size 8x8) of size 16x16, 8x8,
4x4 (see paragraph 11, partitions can have 7 different sizes, paragraph 77, chroma
block sizes up to 16x16, and paragraph 13, size and number of chroma blocks
varies in different formats) and a set of multiple luma partition types (see paragraph
13), wherein a particular chroma partition type is determined from the set of multiple
chroma partition types (see paragraph 11, partitions can have 7 different sizes,
paragraph 77, chroma block sizes up to 16x16), independently from a particular luma
partition type used to code the block (see paragraph 77 and claim 16, original block
size compensation processing is performed for chroma blocks up to block sizes
of 16x16, and paragraph 13, size and number of chroma blocks varies in different
formats. As one can see, the size and number of the chroma blocks are
determined using block size compensation processing, which is not dependent
on the luma blocks) and the particular luma type being determined from the set of
luma partition types (see paragraph 17, 8x8 or 4x4 luma prediction), or a particular
chroma partition type is determined from the set of chroma partition types (see

paragraph 11, partitions can have 7 different sizes, paragraph 77, chroma block
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sizes up to 16x16) in response to a luma partition type utilized to code the block or the
block’s one or more neighboring blocks (see paragraph 125, real chroma blocks
should be half of luma block), the luma partition type being included in the set

of luma partition types (see paragraph 17, 8x8 or 4x4 luma prediction).

Wang does not explicitly disclose: using a single chroma intra prediction mode
for coding the partitioned block.

However, Guo from the same or similar endeavor discloses: using a
single chroma intra prediction mode for coding the partitioned block (see Guo, Fig. 1
and paragraph 30 and 34, obtaining best predicted mode, texture coding using
best chroma predicted mode).

It would have been obvious to the person of ordinary skill in the art at the time of
the invention to use “a single chroma intra prediction mode for coding the partitioned
block” as taught by Guo in the encoder taught by Wang to reduce calculations on
obtaining predicted modes and to improve coding efficiencies, where a low-cost
hardware is practiced with a high efficiency, a high picture quality and a low power

consumption (see Guo, paragraph 6).

10. Regarding claim 2, claim 2 is drawn to a method having limitations similar to the
apparatus claimed in claim 1 treated in the above rejections. Therefore, method claim 2
correspond to apparatus claim 1 and is rejected for the same reasons of anticipation as

used above.
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11.  Regarding claim 3, the combination of Guo and Wang discloses: The method of
claim 2, wherein a particular chroma partition type for coding the block is determined
from the set of chroma partition types responsive to a luma partition type utilized to code
the block or one or more neighboring blocks, the luma partition type being included in
the set of luma partition types (see Guo, Fig. 1 and paragraph 40-41, referring to Fig.
1, chroma mode is selected based on the Luma mode and as mentioned in

paragraph 40, luma mode is selected by searching the neighboring blocks).

12. Regarding claim 4, the combination of Guo and Wang discloses: The method of
claim 3, wherein for the particular chroma partition type, a largest-size available
transform matching the particular chroma partition type is selected from a set of
transforms (see Guo, paragraph 2, 41 and 43, a Hadamard transformation is
performed [41] on the macroblocks and the macroblocks are divided into 4x4
blocks. The chroma blocks are selected 4x4 as well. According to the
specification of this application, Hadamard transformation is used to determine

the transform size).

13. Regarding claim 5, the combination of Guo and Wang discloses: The method of
claim 3, wherein from among a particular luma partition type and a particular chroma
partition type selected to code the block only the particular luma partition type is
signaled (see Guo, paragraph 41, only luma blocks are used to obtain the best
prediction mode), the particular luma partition type being selected from the set of luma

partition types and the particular chroma partition type being selected from the set of
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chroma partition types (see Wang, paragraph 14 and 54, selecting color format.
Also see paragraph 11, partitions can have 7 different sizes, and paragraph 77,

chroma block sizes up to 16x16).

14.  Regarding claim 6, the combination of Guo and Wang discloses: The method of
claim 5, wherein the particular luma partition type is absolutely coded or differentially

coded from one or more neighboring blocks (see Gou, paragraph 41).

15. Regarding claim 7, the combination of Guo and Wang discloses: The method of
claim 2, wherein a particular chroma partition type used to code the block is determined
independently from a particular luma partition type used to code the block (see Wang,
paragraph 77 and claim 6, original block size compensation processing for
chroma up to block sizes of 16x16), the particular chroma partition type being
determined from the set of chroma partition types and the particular luma partition type

being determined from the set of luma partition types (see Guo, paragraph 43).

16. Regarding claim 8, the combination of Guo and Wang discloses: The method of
claim 7, wherein the particular chroma partition type and the particular luma partition
types are both signaled (see Wang, paragraph 211, bit-stream of intra coded
macroblock has the following information: macroblock type, luma prediction

mode, chroma prediction mode).
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17.  Regarding claim 9, the combination of Guo and Wang discloses: The method of
claim 8, wherein the particular luma partition type and the particular chroma partition
type are absolutely coded or differentially coded from one or more neighboring blocks

(see Gou, paragraph 37).

18.  Regarding claim 10, the combination of Guo and Wang discloses: The method
of claim 8, wherein the particular chroma partition type is differentially coded from the

particular luma partition type (see Guo, Fig. 1).

19. Regarding claim 11, the combination of Guo and Wang discloses: The method
of claim 2, wherein a chroma entropy coding engine used to code the block is different
from a luma entropy ceding engine used to code the block (see Guo, paragraph 2,

coding system has a luma coding and a chroma coding).

20. Regarding claim 12, claim 12 is drawn to an apparatus having limitations similar
to the method claimed in claim 2 treated in the above rejections. Therefore, method
claims 12 correspond to apparatus and method claim 2 and are rejected for the same
reasons of anticipation as used above. Furthermore, Wang discloses a decoder (see

Wang, paragraph 87).

21. Regarding claim 13, claim 13 is drawn to a method having limitations similar to

the apparatus claimed in claim 1 treated in the above rejections. Therefore, method

claim 13 correspond to apparatus claim 1 and is rejected for the same reasons of
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anticipation as used above. Furthermore, Wang discloses a decoder (see Wang,

paragraph 87).

22. Regarding claims 14 and 15, claims 14 and15 are drawn to a method having
limitations similar to the method claimed in claims 3 and 4 treated in the above
rejections. Therefore, method claims 14 and 15 correspond to apparatus and method

claims 3 and 4 and are rejected for the same reasons of anticipation as used above.

23. Regarding claim 16, the combination of Guo and Wang discloses: The method
of claim 14, wherein from among a particular luma partition type and a particular chroma
partition type selected to code the block only information indicating the particular luma
partition type is received from a corresponding encoder for use in decoding the block
(see Guo, paragraph 41, only luma blocks are used to obtain the best prediction
mode, also see Wang, paragraph 129), the particular luma partition type being
selected from the set of luma partition types and the particular chroma partition type
being selected from the set of chroma partition types (see Wang, paragraph 14 and
54, selecting color format. Also see paragraph 11, partitions can have 7 different

sizes, and paragraph 77, chroma block sizes up to 16x16).

24. Regarding claims 17 and 18, claims 17 and 18 are drawn to a method having
limitations similar to the method claimed in claims 6 and 7 treated in the above
rejections. Therefore, method claims 17 and 18 correspond to apparatus and method

claims 6 and 7 and are rejected for the same reasons of anticipation as used above.
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25. Regarding claim 19, the combination of Guo and Wang discloses: The method
of claim 18, wherein information indicating both the particular chroma partition type and
the particular luma partition types is received from a corresponding encoder for use in

decoding the block (see Wang, paragraph 129).

26. Regarding claims 20-22, claims 20-22 are drawn to a method having limitations
similar to the method claimed in claims 9-11 treated in the above rejections. Therefore,
method claims 20-22 correspond to apparatus and method claims 9-11 and are rejected

for the same reasons of anticipation as used above.

27. Regarding claim 23, claim 23 is drawn to a computer readable storage medium
having limitations similar to the apparatus claimed in claim 1 treated in the above
rejections. Therefore, computer readable storage medium claim 23 corresponds to

apparatus claim 1 and is rejected for the same reasons of anticipation as used above.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MARYAM A NASRI whose telephone number is
(5671)270-7158. The examiner can normally be reached on 10:00-8:00 M-T.

Examiner interviews are available via telephone, in-person, and video

conferencing using a USPTO supplied web-based collaboration tool. To schedule an
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interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Joseph Ustaris can be reached on 5712727383. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/MARYAM A NASRI/
Examiner, Art Unit 2483
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Abstract:

There are provided video encoders, video decoders, and corresponding methods. A
video encoder for encoding video signal data for an image block includes an encoder
(100) for encoding all color components of the video signal data using a common

predictor.

Abstract:

HIC|@ 9130, HIC|@ C|2E YU e S8  Provides a video encoder, a video decoder and

M3stct Ao 220 Cfst H|C|2 Al 0| the method. The video signal data for the

£ 03 LSl7| Qe HIC|2 QFEHE= 58 0| image block in the video encoder for encoding

7|8 AF2%}10] HIC|@ Al OO|E o] 2= M M video signal data using public predictor an

28 olags7| st 91AE(100)8 L estCt  encoder 100 for encoding includes all color
components.

KeywordsJd £ 5, H|L|2 4= H[O|E|, M o

2 38 07|, 70 A Hzl Bythe video signal data, color component
image block prediction residual color
conversion, common group,

Claims

1. 1.

M 220 CHst HIC|2 A= HO|E|E Q13 Forencoding data for the image block in the

ol7| 3 H|C|2 QAL 2 A, video encoder, the video signal of

A7| H|C|@ A& H|O|E{ o] A MHE2 Z+2to| L5} the video signal data is unique with respect to

0] 18 0|=7|8 AI25I0] 47| H|C| Al [ each color component of the video signal data,

O|EH & Q3 Ys}7| {3t Q1AL (100)E Zest by using the predictor, video encoder that

= H|[|2 23 0. includes an encoder 100 for encoding.

2. 2.

H1Eto| QOoj A, According to claim 1,

A7 1L 0|E7|= 47| HIC|2 Al O|o|E{7} wherein the unique predictor is the video data

38 EE IOIE|M E= E49| 52 OIE|ME 0| signalis divided into a plurality of blocks by

23510 E&E|=X| 0] 50 AH2tQI0| 47| H|C| using a block partition, or regardless of whether

@ Al Oo|E & QI3 YSI= O AFR3%l= H|C| the video signal is a video encoder used to

2 Ql3H. encode the data.

3. 3.

K|12Hof U0 A, According to claim 1,

A7 1L 0|E7|= 25 201 0|=7| Q] HC|2 wherein the unique predictor are both luma

ol3LH. prediction of video encoder.

4. 4.

H12H0]| A0 A, According to claim 1,

http://pdf9.patentorder.com/pdf/MTKR 20080006545 htm 5/10/2018
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= | HIC|@ Al O|O|E{©| wherein the unique predictor is the video data
FEE = CHoj| CH3H0] AF2SH=  signal for both the luma and chroma
O O|=7|2 Fd8l= H|C|2 3. components of the luma prediction will be used
to configure a specific video encoder.

9 RiHuox
oo N
U %E |l

lu o
Hu

5.

According to claim 1,

7| HIC|R 1= Ho|E o] MEE2 AT 7|

EAMATFEA HE H 264 EF0| 4:4:4,4:2:2  wherein the sampling of the video signal data in
0l 4:2:0 L0 = O{ & SIL}0|| CL35}= H|C|2 the H.264 standard of the International

olaGH. Telecommunications Union communication

corresponding to one of the 4:4:4 and 4.:2:0
format, a video encoder.

Mol UAoA, 6.

o

A7| 18 0|F7|& 47| HL 2 A H0|E Q] According to claim 1,

CIEEL A QIE] AT = CHof| 5L A8 St=

H|C|2 QI3 H. wherein the specific data of the video signal for
both intra- and inter-coding used by a video

7. encoder.

Hrgtol A0 A, 7.

M7 MHEAE S A1 EEE AT A1 32 0lE  According to claim 1,

H.
e_flago 9! the color components of the first component is
modeO L}2}0|E{0f |38l & a first spatial prediction mode prev_intra4
Moo, A7 M MHE =32 28 23 X|2 0] sector H.264 standard of the International
EQCE = ZHMIEAMAT EAl B2 H264 Telecommunications Union
H 9| prev_intradx4_pred_mode_flag1 3l 4_pred_mode_flag0 and 4_pred_mode0
rem_intra4x4_pred_mode1 L}2}0|E{0f| ©|3[| & parameters rem_intra4 [ O set by, and the
MoH, &7 M HE = 13 22 st X3 o] color components of the second prediction
EZEQCEL= ZHMIEAMAHT EAl EE H264 mode for a second component of the

—-l—-H o

HZT9| prev_intradx4_pred_mode_flag2 3l International Telecommunication Union (ITU
rem_intra4x4_pred_mode2 L}2}0|E{0f ©|3f & H.264 standard of the communication
HMél= HiC 2 QAh. parameters by 4_pred_mode_flag1

4 pred_mode1 prev_intra4 and rem_intra4 O
0, the color component of the prediction mode
3 for the three components Sector of the
120l A0IA, International Telecommunication Union (ITU
H.264 standard and 4_pred_mode_flag2

o

7| 2IAE(100)= ’SE A Hats E,%ihxl o prev_intra4 set by 4_pred_mode2 parameters
S HM ¢7| HIE|2 MS O O|E{Q| M EdE2 2 1o Tintrad O 1 a video encoder.
£E oAt HIC|Q QI -
8.
9.

According to claim 1,

Io S50 tiet HIC|R 4= HO|HE 212 T

St7| fst RS2 A, wherein the encoder (100) while the remaining
A AlS ol A Al ThTH . color does not apply a transform to all color
&7| HIC|2 M= H|0|E{o| M & ZtZ10f CHS| components of the video signal to the video

O:I —T'—'Igr 0:"§7|§ A|"g'_‘I5|'O:| gl'jl Hl I:l9 ﬂ§ E” encoder.

O|E{& QR Tdt= CHA(1415)8 Zatdt= &

Bl 9.
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10.

R9%H0ll L0 A,

47 19 0%7]E 47| HIC|Q NS Blo|E|7}
28 55 IfE|M £ =40/ S2 TJE[4S 0
85}0] 2315 =X O20) 4-29(0] 47| H]L]
2 A% HO[EE AT Bl ARSI W,
1.

R9%H0ll L0 A,

471 19 057 BE 20101579 W
12.

R9%H0ll L0 A,

47 19 057) = 47| HIC|Q N BlojEfo
209 320} HE 5 Clof gfetol A8 ots
18 20H0F7 2 pASs B,

G| O Ef Of 44
2 H264 B

N
i 4
T " N )

O = otLtof T Sdt= W,

=
S

0L o 0x
CEmN
L)

—
o

Hogo

47| M
ZE= INE7|SAAE S
9| prev_intra4dx4_pred_mod
rem_intra4x4_pred_mode
Yot 47| M HE T
£ EEE INFIIS A
H 9| prev_intradx4_pred_mode_flag1 &
rem_intra4x4_pred_mode1 L}2}0| E{ 0| 2|sff A
Yo, 7| M Az T M3 d=22 fct X3 of
FREE IHE7|SAMAT S4 2 H.264
H 9| prev_intradx4_pred_mode_flag2 2!
rem_intra4x4_pred_mode2 L}2}0| E{ 0| 2|sff A
Yot .

16.
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For encoding data for the image block in the
video signal,

the video signal data method with respect to
each color component of the video signal data
using a unique prediction encoding method
comprises a step 1415.

10.
According to claim 9,

wherein the unique predictor is the video data
signal is divided into a plurality of blocks by
using a block partition, or regardless of whether
the video signal method used to encode the
data.

11.
According to claim 9,

wherein the unique predictor are both luma
prediction group method.

12.
According to claim 9,

wherein the unique predictor is the video data
signal for both the luma and chroma
components of the luma prediction will be used
to configure a unique.

13.
According to claim 9,

wherein the sampling of the video signal data in
the standardization of the International
Telecommunication Union (ITU H.264
communication corresponding to one of the
4:4:4 and 4:2:0 format.

14.

= According to claim 9,

wherein the specific data of the video signal for
both intra- and inter-coding methods to use.

15.
According to claim 9,
the color components of the first component is

a first spatial prediction mode prev_intra4
sector H.264 standard of the International

5/10/2018
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Hlogtof RLojAd,
A7| QAL CHAlS FHol A BBt X3
oEM A7 HiC|@ A% Hlo[Efo] 4 HE B E
£ olagele W

17.

Q4 220 8 HIC|Q A HO|EE C|AY
817] 9i3tHIC|Q ClRE = A,

471 HClQ 412 EOJE o] 4 diz 2t2to] o3}
0 19 0[=7|2 AFRSI0 47| HIC|Q AS
O|E|E C|2T3}7| 98 |G (2008 Tete
o EENEL

18.

H1780] QUOA,

47| 19 0JZ7|= 47| HIC|@ A Bo|E 7}
22 22 OlE|M £E 240/ 22 TE[ME O]
2310 235 =X] Of=0f ARFRI0| 47| H]C]
© M OB ClRYEE B AFR3lE Bl
© C|ag.

19.

H1780] QUOA,

47| 1 0Z7|E 25 20t 0279l HOQ
C|2H.

20.

H1780] QUOA,

47| 18 =7 47| H|C|Q A Hlo|Ef o
=0t g 20} 48 & o Tielo] AFgEHs
18 2ot 0572 FAYE HIO S R,
21.

H1780] QUOA,

47| H|C)@ A Ho|E o MBS 2H|FY)
EAMQIS EAl B2 H 264 T 0| 4:4:4, 4:2:2
9l 4:2:0 B0 & Of = 3}Ltof CfS3}e HC|@
C e

22

H1780] QUOA,

47| 1Q O|=7)= 47| H|L|Q Al Hlo|Ef o
olE2} 3l QlE| IE  Chof 0f3f0] AFR3}HE
TEERAETE)
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Telecommunications Union

4 pred_mode_flag0 and 4_pred_mode0
parameters rem_intra4 O O set by, and the
color components of the second prediction
mode for a second component of the
International Telecommunication Union (ITU
H.264 standard of the communication
parameters by 4_pred_mode_flag1

4 pred_mode1 prev_intra4 and rem_intra4 O
0, the color component of the prediction mode
3 for the three components Sector of the
International Telecommunication Union (ITU
H.264 standard and 4_pred_mode_flag2 by
prev_intra4 0 how to set parameters
rem_intra4 0 4_pred_mode2.

16.
According to claim 9,

wherein the encoding step while the remaining
color does not apply a transform to all color
components of the video signal data.

17.

For the image block in the video decoder for
decoding video data,

the video signal data is unique with respect to
each color component of the video signal using
the prediction decoder 200 for decoding data
comprises a video decoder.

18.
According to claim 17,

wherein the video signal data are unique
partition or a plurality of blocks by using
common block division, regardless of whether
the video signal is a video decoder to be used
to decode the data.

19.
According to claim 17,

wherein the unique predictor are both luma
prediction of video decoder.

20.
According to claim 17,

wherein the video signal data of the unique
predictor for both the luma and chroma

5/10/2018



Patent Order MT
23.
H1720i AO{A,
7| M EE S 122 e A1 S oS
BEE FXMT|SACS A 22 H264 X
9| prev_intra4x4_pred_mode_flag0 5!

rem_intra4x4_pred_mode0
o, 7| M d7 M2 =& fleh A2 o
=)

HZ9| prev_intradx4_pred_mode El]
rem_intra4x4_pred_mode1 L}2}0| E{ 0| 2|sff A
Yo, 7| M dE T A =22 @t A3 of
H D= oNd7| sS4 S4 2 H.264
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rem_intra4x4_pred_mode2 L}2}0| E{ 0| 2|sff A
dot= H|O| 2 OjZ2H.

N
A

M7of AAAM,

A7| C)AC(200)& FH0] M HStS H3|K| o
oM 47| HC|Q A Ho[Eo] 4 HE n s
£ [|R28lE HiTQ O A,
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components of the luma prediction will be used
to configure a specific video decoder.

21.
The method of claim 17, wherein the

sampling of the video signal data in the
standardization of the International
Telecommunication Union (ITU H.264
communication corresponding to one of the
4:4:4 and 4:2:0 format a video decoder.

22.
According to claim 17,

wherein the specific data of the video signal for
both intra- and inter-coding used by a video
decoder.

23.
The method of claim 17, wherein

the first component of the color component, a
prediction mode for the first space of the
International Telecommunication Union (ITU
H.264 standard and 4_pred_mode_flag0 sector
parameters rem_intra4 0 4_pred_mode0
prev_intrad4 O set by, and the color components
of the second prediction mode for a second
component of the International
Telecommunication Union (ITU H.264 standard
of the communication parameters by

4 pred_mode_flag1 4_pred_mode1
prev_intra4 and rem_intra4d O O, the color
component of the prediction mode 3 for the
three components Sector of the International
Telecommunication Union (ITU H.264 standard
and 4_pred_mode_flag2 prev_intra4 set by

4 pred_mode2 parameters rem_intra4 0 O a
video decoder.

24.
According to claim 17,

wherein the decoder 200 does not apply a
transform to the residual color while all color
components of the video signal to a video
decoder for decoding the data.

25.

The data for the image block, a method for
decoding a video signal of

5/10/2018
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71 27 O57|= &7 H|L|2 M=z HO|EQ
FoHA 3 20F d& = CHol| O5to] AL83t=
1 200|572 PStE WY,

29.

X|25%tof U0fA,

o7 H|IC|2 A= Ho|E e MEY2 =X F7|
EAMQSH EA B3 H 264 HZEO| 4:4:4, 4:2:2
A 4:2:0 =20 F 0] = SfLIOf| i S5t= A E.
30.

X|25%tof U0fA,

o471 g 01I§7|E 7| HIC|2 4= H0|H 9
ClER2}t 8l QIE| AT = C}of CHSHO] AtESH=
] B

o -

31

X|25%tof U0fA,

S MEAE S H1 22 9IS A1 ST oS
DCE ZRHI|ISACE SA L8 H264 B
9| prev_intra4x4_pred_mode_flag0 5!

rem_intra4><4_pred_mode0 ot2fo|Eof ol A
o, 7| M EdE T A2 22 @feh A2 of
EREE ﬂ?ﬁl*‘ﬂ%ﬂﬁﬁ %’.“_' F& H.264
j:l-_—’F—Ql prev_intra4x4_pred_mode_flag1 &
rem_intra4x4_pred_mode1 L}2}0| E{ 0| 2|sff A
Yo, 7| M dZ S M3 o H% %’— ok H|3 of
= mCE RAHY| BACE B4 22 H264
H 9| prev_intradx4_pred_mode_flag2 2!
rem_intra4x4_pred_mode2 L}2}0| E{ 0f 2| off o
Yot .

32.

H2520f AAAM,

7| Cj2E tHAl= Thol M Hats X ZoHA| &
OSHA H7| H|L|R 412 HO|E o M 7 25+
£ L2 g5t ¢
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the video signal data is unique with respect to

each color component of the video signal data
using a prediction decoding method comprises
a step 1415.

26.
According to claim 25,

wherein the video signal data are unique
partition or a plurality of blocks by using
common block division, regardless of whether
the data to be used to decode the video signal.

27.
According to claim 25,

wherein the unique predictor are both luma
prediction group method.

28.
According to claim 25,

wherein the video signal data of the unique
predictor for both the luma and chroma
components of the luma prediction will be used
to configure a unique.

29.
According to claim 25,

wherein the sampling of the video signal data in
the H.264 standard of the International
Telecommunications Union communication
corresponding to one of the 4:4:4 and 4.:2:0
format.

30.
According to claim 25,

wherein the specific data of the video signal for
both intra- and inter-coding methods to use.

31.
The method of claim 25, wherein

the first component of the color component, a
prediction mode for the first space of the
International Telecommunication Union (ITU
H.264 standard and 4_pred_mode_flag0 sector
parameters rem_intra4 0 4_pred_mode0
prev_intrad4 O set by, and the color components
of the second prediction mode for a second
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component of the International
Telecommunication Union (ITU H.264 standard
of the communication parameters by

4 pred_mode_flag1 4_pred_mode1
prev_intra4 and rem_intra4d O O, the color
component of the prediction mode 3 for the
three components Sector of the International
Telecommunication Union (ITU H.264 standard
and 4_pred_mode_flag2 by prev_intra4 O how
to set parameters rem_intra4 O

4 pred_mode2.
32.

According to claim 25,

wherein the decoding step while the remaining
color does not apply a transform to decode all
of the color components of the video signal

data.
Description:
[0001] 23 ERIC ¥ F=X
[0002] O] =32 20054 43 130 SRl 0|7 §5 7I=)H= H|
60/671,255% 512005 7€ 200 =&t 0|2 E5| 7I=/HS K|
60/700,834 5 0fl et SMHS FHSIT, 2t 8L 2 BAMo| &x2 A
ZeotCt ol 0| ER2 0| E) I A0

=23t "METHOD AND
APPARATUS FOR VIDEO ENCODING"0|2}= HAlo| 0|2 E3|2 (L)
2|0l X2/ PU050051, PU060023) & "METHOD AND APPARATUS
FOR VIDEO DECODING"0|2t= HAlo| 0|2 E&|=(C]z|Q Ha|Ha
PU060029, PU060030)1} 2210| QIC}.

[0003] £ Yo QHIMoZ H|C|Q CIAH 3! CIZGHO| 2st ZHoZ A,
£5| HCje ol3E Y C|AE 2y 8 FX|of et Ao|ct.

[0004] BM, =z XM T 7| SAl AT 4 BE2(TU-T) H.264 E&F (0|},
"H.264 TX")0| 4:4:4 TOHS 37 A = 3ILIOHS Z0bluma)2 A AL
51, CIE 27 K2 &892 E8 0|2310] A =0k chroma)EA Z &l
Ol RIS SIA TS 2 444
C

[0006] &lt; 2 B o| 7§ Q&gt;

[0007) F247| 20| 0|23t AF T THE 9 T
299 TR oY 9 FK|of Tek 2 2ol

http://pdf9.patentorder.com/pdf/MTKR200800065%%htm

[0001] Cross-reference of
Related Application

[0002] This application is
April 13, 2005, filed
United States Patent
Provisional Application
No. 60 /7 60/671,255
filed on March 20, 2005,
and U.S. Provisional
Patent Application Ser.
No. 60/700,834, each
content on for priority
claims, and by reference
herein. In addition, this
application is filed
concurrently with this
application entitled
"METHOD AND
APPARATUS FOR
VIDEO,085 (attorney
PU050051, and
PU060023) U.S. patent
application entitled
"METHOD AND
APPARATUS FOR
ADAPTIVE GEOMETRIC
PARTITIONING FOR
VIDEO DECODING" of a
denomination of United
States Patent Application
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(attorney docket number
associated with
PU060030) PU060029,.

[0003] The present
invention generally
relates to video encoder
and decoder, and more
particularly relates to a
method and apparatus for
video encoding and
decoding.

[0004] Currently, the
International
Telecommunication
Union (ITU-T H.264
standard (hereinafter,
"H.264 SVC"
communication
standard”) of 4:4:4 format
is coded as only one of
the three channels, and
the other two luma (luma)
channel-coded as the tool
using the chroma
(chroma). On the codec
type for all input
component, hardly having
a resolution of 4:4:4
format, the chroma
coding algorithms to code
two of three input
component if a use more
bits in the two channels.
This particular problem is
more pronounced at an
intra-frame. For example,
running a intra-only mode
at least 40 db in the
H.264 standard with
respect to the overall
compression quality
(PSNR), JPEG2K more
inefficient.

[0005] Thus, that
overcomes the
drawbacks of the prior
art, video encoding and
decoding method and
apparatus are preferred,
and it is very useful.

[0006] <summary of the
invention>
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[0007] Shortcomings of
the prior art and other
disadvantages and
drawbacks such
weaknesses and video
encoding and decoding
method and apparatus of
the present invention.

[0008] According to one
aspect of the present
invention, for the image
block provides a video
encoder for encoding
video signal data. Video
encoder encodes a video
signal data is unique with
respect to each color
component of the video
signal using the
prediction includes an
encoder for encoding the
data.

[0009] According to
another aspect of the
present invention for
encoding the image data
for the image block in the
video signal It provides a
method. The method with
respect to each color
component of the video
signal data using unique
predictor comprises
encoding the video data.

[0010] According to
another aspect of the
invention, the video
signal data, for the image
block provides a video
decoder for decoding.
Video decoder with
respect to each color
component of the video
signal data using unique
predictor comprises a
decoder for decoding the
video data.

[0011] According to
another aspect of the
invention, a video signal
for the image block to
provide a method for

5/10/2018
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example video decoding
process.

[0018] Residual color
transform (RCT) of Fig. 5
is a block diagram
showing a simplified
model.

[0019] Figures 6a and 6b
are the average PSNR
according to present
principles of intra-only vs.
bit rate to the ATV.

[0020] FIGS. 7aand 7b is
the average PSNR
according to present
principles, the bit rate of
the CT intra-only.

[0021] Figures 8a and 8b
in accordance with
present principles of intra-
only bit rate to the
average PSNR for DT.

[0022] Figures 9a and 9b
is the average PSNR
according to present
principles of intra-only vs.
bit rate of MIR_HD.

[0023] FIGS. 10a and
10b is a diagram showing
the average PSNR
according to present
principles of intra-only vs.
bit rate RT.

[0024] Fig. 11a and 11b
is a diagram showing the
average PSNR according
to present principles,
intra-only versus bit rate
of STB_HD.

[0025] FIG. 12 is H.264 in
accordance with the
present principles, a table
showing a sequence
parameter syntax.

[0026] FIG. 13 is H.264
syntax in accordance with
present principles is a

5/10/2018
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principles is a flow chart
showing an example
method and apparatus for
encoding and decoding

macroblock prediction
tCt the data. First, the

present principles, the
Al syntax.

table indicating a
invention relates to a

[0028] FIG. 15 is inverse
color conversion process
in accordance with the
present principles, there
is a post-decode block is
a flow chart showing an
[0029] FIG. 16 is H.264 in
accordance with the

[0027] FIG. 14 is pre-
[0030] The present
present invention is
communication sector
Union using a 4:4:4
format, but the described
with respect to the

encoding color

accordance with present
process.

present invention another
used by sampling a video

(ITU-T) H.264 standard of
signal data is to

conversion block in
video encoding process.
example video decoding
the International
Telecommunications
sampled video signal
data while remaining
within the scope of the
standard (e.g., 4:2:2
well as other video
compression standard
recognize that may be
applied.

[0031] Methods and
devices in accordance

(=)
|
=

- THr an
win B i

Blonkrs 1=

S & and/or 4:2:0 format) as

Al Ad

1, 7
29| Zt format of the H.264
Hy

Ch A1 A

TS NS
Kl miHo i = oy
W | gu= < &0

< Soppiiros
i —_ 57Ul & 1ol
Eﬂ%ﬁﬂ@
¥ gju i Fo R
B0 S |l
TOBRHS
|o(o\uu:_._._.o

2, H|C|@ C|3 residual data.
X

HE oM g
0l =10 nk

H|C|2 C|32 %Y % table representing the

A1 8l
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T oddlgm— ol Tl g
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H| with present principles for
tE} luma or chroma
HC}. compression algorithm
that does not need to use
AT o M Ho 5EE(460)2 EE 462, 464, 466 5l 4682  the new tool. Instead, it
% C ac

— = ]
Esichs B g QIAMSHA EC E3h Al2 CjA g o M #E £2(460)  can be used conventional
2 SMo|1, MeEtA 2 LHO| HEH HAOoM = dEaret =2 UCH= & luma coding tool. Thus,
2 QASHA It while a 4:4:4 format may

maximize the coding

[0061] C| 2T Z2M|2400)= 9| dX| =501 Ciet FZE AZSE  performance and to
1,75 E5((415)2 2 M0 & MESt= R Aot £5(410)2 EHTILE maintain the compatibility
7l EE4152 2 E MO EAMEZT CIRIYSL, 7|5 EE(420)2  (or other applicable) of
E N E MEICL 7|5 £8(42002 CIZDE T E A=t 8l o LA} the existing H.264
o5t D E THOjE ddot L, 7|5 EE(430)2 2 O & METILL 7|  standard, for example,
S 5E(430)2 2t M d20] ti5lo 38 O[Z7|22H Fdst 0Z0 2 there is an advantage
YE O E JHMSto] DY E olH 25 0, B Kot E5(435) that can also minimize
O HO|E HEYTILt. RE ATt 254352 FZE SRS, B 55 the change.
(440)2 2 HN|0| & T ZotC}
[0032] Embodiments in

[0062] HH HA|00| M B K|St EE(435)2 A= C|A Y F M St 5 accordance with the
£(460), £5| Atz 2T A M Hst S 5460)0| L= FEZ XS =  principles of the present
E462) 22 NO|E MM o=z MESILL. RX Mot £8(462)2 &9 invention is configured in
Zt E50| Ot FIE AIFDIA, 7|5 £5(464) 22 H[O]& HETICL 7| the luma coding
s =5(464)2 o o S FO| H|L|2 M= HO|E{0] A M A= X{2|Z  algorithm, for example, 4:
Tt RO Mot £E5(466)2 £ M|O|E TS R X[gt £2(466) 4: 4 coding for all three
2 FZE SESIL, T8 £5468)22 X0 E MHC} components of content

_ N used to channel. An
[0063] H.264 4:4:4 EHO| M 25 42 K-S SHS SHMEE ZECh  pavantage of this
[[l‘El‘A‘I, ol-%_én__l' x-"1 }_'c;l- fEIAlo:"O‘” IIl-EE’ ‘?‘Dl' ——?'—EOI OEI-—T'—E|§% 2= A—Illl embodiment 4 with
‘JE0f tH3to] 0|85t A|C) HA| = 2SS Y=L O2tA, O] A A0

oA, OIEa} Za|Qo| HS D= A Au =0f Table 8-2, Table _respect to prior art
 D=F =0lg=l 67, =C 5 oo T = , improvement in overall

8-3 and Table 8-4 in ISO/IEC 14496 10 Advanced Video Coding 3™ coding performance for
Edition(ITU-T Rec.H.264), ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 compressing the content.
Q.6, Document N6540, July 20040{| A A3t 0|5 ZEE 0|83 &= Currently, in the existing
gt =& QULC} H.264 standard, as one of
only three channels, and

lo
=
i

[00’6:4] EE_‘..’__EI', Ol %LA'G"O”A"E 37Hl-r—l'!)§ iol‘i_ E‘IIZ‘Oill_Eli-s_!:o:l %OEI-Q _gnj_I'E the other two luma using
0:" ZLEE |%0|'0:| ig!gl %IH s Eol—T'—a Ac-!EE %té,l‘kl?_“:l'_ O:HE chroma coded as

=0, {2 2E5 0= 3|0 A= F0ro)| of st inefficient tools.

prev_intra4dx4_pred_mode_flag, rem_intra4x4_pred_mode,

prev_intra8x8_pred_mode_flag 5! rem_intra8x8_pred_mode L}Z0|E{ 0 [0033] Further,

ofsf dFE o|F ZEV 3 2 BEF0 25| 0| 8E == ULt J2{E  embodiments in

2 FILHE QI MEiA A= SHQSICHL B A P (0F) Z2 20|  accordance with the

CH5Ho], & = (fractional) T 2[X|0f U= 7|& TH2 H.264 BFEO| M principles of the present

4 8.4.2210|M 7| =3t H7t o = 37 xj'd 250 AL 2= invention is configured,

& UCH sAXHC H.264 EFOf CHSH 2P A[SH AMEEA Sl A| 4 & performs a pre-

otCt. processing step as the
color conversion.

2o
Jm of

[0065] £+O| A4 BHSHRCT)2 High 4:4:4 Z2M A2 QIAL/CIRCO| 7} Therefore, according to
SRUCH 1 21, 4:4:4 ZOUS 9ot o= Fx=4:2:0 2422 ZUS | 1his embodiment, the

ot H264 EF0| CHE 20t 2 F0|A HXf 0| 83t= YHF XL CIE (esiqual color transform
I:I'- OlE Ol_l'é' ) :I'L-sd %E'Eﬂ' ‘jlt—7|'5|_| I:l'- EE_Q', El’% A—I|'I Eﬁ._:—'f -,‘-DFA|"6'|-7'||, (Residual color
YCOCGE TH o5 458 dd TeA|7|= A2 OtLILL YCOCG2| & copyersion (RCT: does
= ZEXO0| 0f@ o|Fotrt. b, | s Sl BAY S FLAZ|7] ot perform compression
FI510], O G0 A M BBt MFH K2 252 @EES2M OF 8 i 53100p. An advantage
IZO| QR0 HiX|otCt O|2t ZHo| Be 24, EF &= XY S A &= 9
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[0066] & 52 XA S}H, RCTO| 7tAs}
© 2 L}EPHCE RCT 2 E(500)2 7|
My dst 2 5(530)8 ZRTHL;. 7|
/0K FE S HE [X4q], [Xg]......[Xa]E A EE Pt
Ld7|(510)e] EHE = 7H4t7((520)2| HHH t

Zdta, o &5 Y [X]& MSotC). 7F4E7((520)2] HI-HtH
HIE [Xin] & T4t & A} 71H47|(520)8] £8H R =
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[0067] RCT(500)9| 7o} B A0 M 3x3 Y [A]Z EBoH= M Hek(Md
g Heh2 ChSat 20| oot

!

m

[0068]

[0069] [Xi], [Xal, [Xel, [X], [Xal......[Xo] & RGB EH[QI Lf A2 LiEpL
£ 3x1 HE O[T [Yo= A gi3to] ZIE LIl 3x1 #Ejo|ct 122

2 Ch31t 2tk

[0070]
2ol yz|of w2t o3 =
|

=593 42 270 tisto S Lot

o
StEZ, 7|F T (Xl et 2ol '

[0072]
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of this embodiment of
encoder/decoder
structure consistent to
provide all the color
format.

[0034] Further,
embodiments in
accordance with the
principles of the present
invention is configured
with respect to the three
components all use the
same prediction mode,
the motion/space. An
advantage of this
embodiment may be
reduced in complexity
and backward
compatibility codec.

[0035] Further, according
to another embodiment,
with respect to all of the
three elements, instead of
using the same predictor
three three components
set of spatial predictors
(or subset restriction), it
may be used. An
advantage of this
embodiment 4 with
respect to prior art
improvement in overall
coding performance for
compressing the content.

[0036] The various
embodiments described
later in this specification
may be implemented as a
separate embodiment,
those skilled in the art
may combine in such a
way that it is already
known It will recognize
that. Thus, for example,
luma coding algorithm is
such that the first
combination embodiment,
all three components can
be useful for coding
channel, performing color
conversion, and the pre-
treatment process with
respect to all three

5/10/2018
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Yt e e eilEl e
{Xﬂi m §*§§g§ ﬁ&%‘}nwm&eéﬁi 3 = {}*i §3 {gsx‘%iboi{}gﬁ
’ gi ~§:{ ‘ggqemnﬂcﬁﬁ‘ 3
on O
[0073] 07| A, nx1 BIE [C]= H.264 EFO|M FHOgt 37t 0|F7| L &
70 TEjo} B M8 BAS LIERITE of7| M. 7|F Hae & nf ol

4 [Xi], [Xa]...... XS 0|88t e

[0074] £=5}4]
[0075]

BN A Lottt g ottt

( €1 k
L o .
: ,&}: ﬁg ﬁ&aa@vwaﬁﬁ
ol=[4llxa]- 4] 1 G G2 Gsii G ||
; ‘§§ §3 rﬂgssﬂwaﬁégﬁ
\ LEn )
[0076] 22 S/ZEfH &l O & FA|o1, St 0|5 ZE= RGB O
Ol e Y EnolojN MejEickn Jhyel, chaat Zhek
[0077]
o]
{ & B Bed ég {?; P }1“ ix:\
ii*}m{&§§m§ §§z§} G Gron B Pl {}’w; B P @hoadls i ‘
i & By Broeol i, “ {3 M ¥ ]
o 18

[0078] O2{o 2 Ct2at 2L}
[0079]
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.1 component uses a single

. predictor. In luma coding
. algorithm is such that the

: second combination
. ¥ embodiment channel

codes all three
components, useful for
performing color

i conversion, and the pre-

treatment process with
respect to the three
components channel set
of three limited spatial
predictor may use (or
subset thereof). Of
course, as described
above, while remaining
within the scope of the
present invention
provided herein, various
embodiments in
accordance with the
teachings of the present
principles, other
combinations may be
implemented.

| [0037] The present
. description illustrates the

principles of the present
invention. Thus, a person
of ordinary skill in the art

! to clearly stated in this

specification or although
not shown, the principles
of the present invention
exists within the spirit and
scope of the present
invention will be able to
devise a variety of

i devices that can be

recognized.

[0038] All examples and
conditions described
herein is the language to
promote the art of the
present invention
contributed to help the
reader to understand the
principles and concepts
that there is a purpose to
and, as such, the
examples and conditions
described in detail are not

5/10/2018
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[0080] [TEfAd,
2t Ol A C/L]
& UoICH= HE FES5HA

[0081] EEoF, MA|O[O|A| Aot 2 HO| JAz|0f MEH, 2 FAM A0 A
"profile_idc=1660| /= Advanced 4:4:4 T2I}U"Z 7IFSl= ME2EL
4:4:4 T2UIYU0| H.264 EZ0|| Z=7}=IC} O] (|2 L profile_ide= A|RA
of2tol g s Eof =78 =2 1, 0 =& AE |C#£2F oL 2t
of H|o|E gCof o] 8E =& QUL

[m
b

[0082] 20} 2 M2 F 08310 3740| M HE DEE ALsHE U K|
21517| 915t0], TH0f HIO|E| MEAT} QU BFE +E It E3t, 0f3

222 8q, 20| loje] 5 S0 U= 7

[0083] O X[, C}2Fot & A| 0| Off A
£1i0]9 210 dgo

e
Kel,
2
n

OH

[0084] & 6a 9l 6bS X3}, ATV Intra-Only0f| CH3F B2 PSNR Cf H
Ego OlHtA O 2 XX HS 600 U 6500 2 2t} LIEHCE.

re

7bS EZS}H, CT Intra-Onlyof| L&t W7 PSNR I HE
80| TP dHtoz Xt 700 W 75022 242} LIEHCE

[0086] = 8a 3l 8bE &3} T, DT Intra-Only0j| Cij 3t T PSNR Cfj H|E
2o ZH2 YHtX o 800 % 8502 2 ZtZ} LIE}LHLCE.

aj
x

s
[0087] = 9a X 9b= A &S}, MIR_HD Intra-Only0i| Cit -7 PSNR CH
=

B 900 9l 9500 2 ZtZt LIEHHCE.

T Intra-Only0f| Cst 7 PSNR Cj H|
1000 Sl 10502 2 Z}Z} LIE(HCY.
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to be interpreted as
limiting.

[0039] In addition,
principles, aspects, and
embodiments of the
present invention, as well
as all statements
describing a specific
example of the present
invention, intended to
include structural and
functional equivalents
thereof. Additionally, such
equivalents currently
known equivalents as
well as equivalents
developed in the future,
that is to perform the
same function, regardless
of structure includes a
component development.

[0040] Thus, for example,
a person of ordinary skill
in the art is a block
diagram provided herein,
embody the principles of
the present invention
represent conceptual
views of illustrative
circuitry, it will recognize
that. Similarly, flow
charts, flow diagrams,
state transition diagrams,
pseudo code, and the like
is substantially can play
on a computer readable
medium, the computer or
processor, even if you do
not clearly illustrated
various processes that
may be executed by a
computer or processor it
will recognize that.

[0041] Functions of
various elements shown
in the drawing, as well as
dedicated hardware
capable of executing
software associated with
the appropriate software,
it may be provided with
hardware. When provided
by a processor, the
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[0089] &= 11a & 11b§ At =&} M, STB_HD Intra-Only0f L3t 7 PSNR
CH H|E°9| _% OJb R 0 2 AHZEMS 1100 B 11500 2 LFEFACE.
[0090] E9|, & 64a, 73, 8a, 93, 10a Y 11a:= ("M Z2&"0|2l= 80 Z *%

ot) H|OHEl Advanced 4:4:4 T 21 Sl0j| Cfa} B|AE Z Of EH%ﬁr
Atgt ZDHE LEEPHCE E3E & 6b, 7b, 8b, 9b, 10b 3! 11b= ("Af
2l 802 F2h MOl Advanced 4:4:4 T2t A0| i3t B~
O JPEK2kE L}EFHCE.

[0091] & 6a, 6b LYX| 11a, 11b ZE0|A PSNRS H|A| % (dB)2 LIEFLYT
H| E& 2 bps(bits per second)E LtEFLHCE ATV, CT, DT, MIR, RT, STB
= H2E 89| 0|F0|Ct.

[0092] JVT-J042, Film-Originated Test SequencesO|A| 7| &%t B &
JVT/FRExt H|AE A|2AE HAEO O|SIQUL} HAEE DEL 4:4:4
10H|E 3t Ojx[0| 1, 2t S &2 5871 =i Y& =Lt

[0093] | 9=l Advanced 4 4 4T2OYS VT 7|F AT EL|0 JMI.60]
M P& SILUCE Intra-Only 81 IBBP 32 X & CIE HAEO 0| 23%%
C}. @A} mpaho|E{ = 2 R-D 2 M0 cHs 04 6,12, 18,24,30 Y 422 o

HoIQUCH RD-2| Mt R MEY

[0094] EE S R|OHEl Advanced 4:4:4 T 2T} S YUVFormat=0(4:0:0)0|
QI J|F ADEQO|E DS 2t 913 A 20| L5t Hyso =) o
ANt H|WSIRACE 370 HEQ| Zt YH HE FIRE= YHX HESS
ALt5H7| ot & Y= HEE F g S 7HASHRICE

EQI0|8 HAEQ 0|2
U EE| = 90/ 53 Y=
29ic]. Teeigl efLtol efgluio]

[0095] JPEG2kQ)
ottt Bl =2 ke 9/7- g
oSl 5 22 %
Qi T 5

[0096] PSNR =% B 5= RGB ZH Q10j| A
+PSNR(green)+PSNR(que))/3OE xHo|st I
= H| W5t o 0| 8%tCt. Ol =, & JPEG2
7H1I:'-3H: O/ x|el &&= Kol du2|F
HEHo| F2, 53I JPEG2k A4 E%F%
31% ME Of® He| ol ULk

R L} (PSNR(red)
SNRS F | Qt= =zl
= Ho|H = _+_£ETJI01
&t 7=||Mo|-7| (=
20f= RGB PSNR

QR
X

0\1_9

[0097] €2 H| T

[0098] - New1: THQl 0= B C 7} 9= X|O=l Advanced 4:4:4 T 21}Ql.

[0099] - New3: 37HO| Of|= @ =7} Q= X|Q+=l Advanced 4:4:4 T2}
ol

[0100] - RCT-OFF: RCT=off7} Q! = RGB ¥ &.

42}

[0101] - RCT-ON: RCT=0n0| ! = RGB ¥ .

[0102] - YCOCG: RGB Lf YCOCG H=zt2 T Hl 9|5
o

= Of| M O|O{FIL}. Cf
So 2, HEE YCOCGE JVT 2T EQ|ofof st &
2

lz{oz 0| 23}Ct

[0103] - R+G+B: R, G U B Al

OI_|-EI_| I:II-I:H

SE
=R =

nE

=

18

S EM 2ASE = A
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functions by a single
dedicated processor,
single shared processor,
or a plurality of individual
processors, some of
which may be shared. In
addition, the term
"processor" or "controller”
mean only hardware

-, capable of executing

software, and should not
be construed as a digital
signal processor (DSP)
hardware, software ROM,
RAM, and non-volatile
storage device for storing
may include, but is not
limited to this.

[0042] Other hardware,
conventional and/or
custom, may also be
included. Similarly, the
switches illustrated in the
figures is merely
conceptual. The function
is the operation of
program logic, through
dedicated logic, or
interaction of program
control and dedicated
logic may be executed
manually by the
implementor as more
specifically understood
from the context, it is
possible to select a
particular technique.

[0043] In the claims of the
present invention
component expressed as
a means for performing a
specified function in any
manner to perform its
function, for example, a)
a combination of circuit
elements that performs
that function or b) for
performing the function in
combination with
appropriate circuitry for
executing software,
firmware, microcode, or
the like that is included in
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[0104] - Y+CO+CG: BiZtEl Y, CO U CG M E HE Z ¢4=3to 2N  the form of software. The
ZAISLE| = H|OtEl Hi present invention as
defined by such claims,
[0105] - J2k RGB: JPEG2k §tZ=2 RGB = Q0| A O|20{FC}. the functionality provided
JPEG2k M Hizle B o I | L} by the various recited
means are combined in a
[0106] - J2k_YUV: JPEG2k &&2 YUV I QI0]| A O|F0{ &Lt manner required by the
JPEG2k A H3S 0| 85I % f claims that are present.
[0107] B AE ZTfol 2B, AXOJOIH TAEH 2 SHO| AU TR o rovie v

= 1 can provide such
=2 OEI Hn_l'&! EOE EX‘” %I-g:. gggl tl-xlz-ll Oﬂkl JPEGZkgl' I:ll'l‘cla_ 'IQI'Al'Ol'I:l'- functiona”ty is the same
Z 2

tCt. as shown in the present

g
(0108] 81, ALA|0JO]4 T3 = ol Uz|o] nE Peie dody  hAcToREn considers
(P CHs M O| High 4:4:4 T2 QU ASHS| &=

2 45(=)2 MSotth FHH2 2, Newl-YCOCG == News- [0044] Referring to FIG.
YCOCGE YCOCG 91 RCT-ONK L} 53111, Newl-RGB = New3- 1 31 exemplary video
RGB= RCT-OFF & Cf &38|} 4508 (PSNR) 0|40 PSNROJA|, 2 encoding device is
PSNROl JL#.FLI-IOIJ oogn_ 1. 5dBEE|' ﬂl:l' |:||-X||:”‘ O:HO‘HA-I Olgl' E% ootg genera”y indicated by
2 45081t S AT PSNRO|Af 25% Lt £ 2 HIE BHOZ SIME £ % reference number 199.
Video encoding
apparatus 199, the video

o)

O -
e
g

[0100] H|AE ZIboj| M=o, ZEIXJ} TP, RTQ 20| & S A Z3}g|= g
g Musie acl Moo B2 £ 5, Mol slMoln, HA| mejy oot 10 A e Pre
S 72, RGB EO|I0jN ol AHo| Sui= Mejdl 2 & gicf. Algst piy SNcoding e color
S Ojm M ¥31S 0| RSHoX|0f RarelC) |

[0045] Prior to encoding
the color conversion
module 105, a video
signal input to the video
encoder 100, the color of
the video signal and
performs pre-processing.
The pre-encoding the
color conversion module
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[E.%1 _1-7-'_1 %YE%C_; MRECI}(;;\I]-E—;I |2 EOP 105 is performed after the
ZEQOE M= Z{0| AL *l?i pre-treatment the color

-<Il)-_|_|:|_ g-cg' Allj_l_% 25HH Ol*l' 7'9}\“:"- will be described later.
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e Pre-encoding color

[0112] O| H|, & A|Of|Of| A £ 5t A conversion module 105
HSlo)| 2Hs}0] A HshCt may be omitted in some
embodiments.

OE
1o
[io
I
=2
i
m
=
=
=
Jm

ro

[0113] = 128 & X8l H, H.264 A| R A Tt2t0|E +_|E_H.¢o1| chat B
UHNOZ HEMS 12000% LIEFHCE G0 A Tt 2 &

Lo

fol= =

51 =1 [0046] Pre-encoding the

Qz|of w2 ?ngqﬁ Ol CH3H Bist= O|EH2IK| 2 LIEFLHC] input color transformgtion
module 105 and the input

[0114] & 138 X3} 8, H.264 0] BJO|E| ASHA0f L3t Efoj2 @ of the video encoder 100
MO KM 130022 LIEFLTE. AA|0J0f A T4t = dtido] g  is available as an input of
3l0f T2 A~ of Chat bSOl A2l LIEHICE E|0] = (1300 the video encoding

oM, Zt{ GIO|E| $Cf LH 20t MM 2 ofH Toas HAE £3ut 3 2 apparatus 199.

3| HHE 5[0 luma1 W luma2E Z}tZ} X| & stCt.

[0047] Pre-encoding color
[0115] M =3 HEQF Z2H0|, Abadt X1 X8 MA|0|= &2 2|8 JVT 7|F  conversion module 105 of
_+_£ETJ|01 JM9 60| T ZN I U HAESIACH New1-RGB & the output unit of the
L Newl1-YCOCGE H7|3t H|AE Z1t= A1 X% AMA|0|E LIEpHC}  video encoder 100 is
connected in signal
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communication with an
[0048] The video encoder

Zo[, Ao
0 RGB, YUV,

=

E o4, 3709 &)
=

Hfof

o
[
—

100 of the input unit and
the non-inverting input of

the adder 110 is

i ST 7o 13
KrE o m 4y
S Tuiod g
uX.nA_E

Ul 75 LH
ﬂ._o H__Lu__Alm 10

& hosk
©, ol X0 Jo Uit T 5ol

connected in signal
communication. The
communication with the
transformer/quantizer

120. The
transformer/quantizer 120

of the output unit in signal
communication with an
entropy coder 140. The
output of the entropy
coder 140 and the output
of the video encoder 100
is available as an output
of the video encoding
apparatus 199.

=]
—

k=3

(o]

_______m_.ewﬂ_u__q___
HS oM T S
- = T 7 ol

i

o

—
=)
=

120, the output of the
inverse transformer and
inverse quantizer 150 is

transformer/quantizer
connected in signal

[0049] In addition, the

O(_L
WQ___#“_:
S ItrH

The output of the inverse
store 170. The first output
of the reference screen
store 170 and spatial
communication with a first
input. The video encoder

transformer/inverse
input. The output of the

de-block filter 160 is in
prediction) of the motion

communication with /.
quantizer 150, the
deblock filter 160 is
connected in signal
communication with an
signal communication
with a reference screen
estimator 180 is
connected in signal

=
H|

X
=
=

tZ
i B |
u]
b

RE
Z

R
or T o 1
0B Ol

& Mrikd I m
== o Mg DO IN =} 5
~ N Zo oo ™ oy
OSROHRNNIR KB RN X

100 of the input unit of
the spatial prediction and
the motion estimator 180

is connected in signal

XM o= ml

M
fodlz 10

communication with a

2(1515)2 2 H|0f
E(1515)2 A=

=
=

o=
==
S =

[0124] C| 2 & T2 M| A(150

1,7
ct. 7|
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(1520)2 2 0|2 MTI3IC) 7|5 22(1520)2 C|AS = X0 = ol  second input. The output
9l of OFX}elS}0] AEE F101E WAElD, 7|5 22(1530)0F AO{E  of the motion estimator
MEBILL 7|5 £5(1530)2 DY E ZHHE 2t M J20f TSl & 0f 180 and spatial prediction
7|2 HE WA 0|0 JHASI0] IS o B SE2 S5l m, 2T and inter-prediction
Mot 22153522 HO{E MUYSICH X A3t 2(1535)2 FZE & compensation unit motion
2él0, T2 E2(1540)2 2 N|0|E F EHaiL}. of the first input unit in
signal communication
[0125] A A AOO| A, R XSt EE(1535)2 At CIZE I M 2l with (190). The second
EE(1560), E3| At C|TE o M B3l 2 2(1560)0) ZEE|= 22I X  output of the reference
St EE(1562)C 2 MEHX O 2 X|O{E MUSICH 2T K|St E2(1562)2  screen store 170 motion
SO Zt S50 st FTE AEISIA, 7|5 E5(1564) 22 HO{E & and spatial compensation
EISICE 7|5 22(1564)2 1A G4 E29| H|C|2 AE HO|E{ 9l & M of the second input unit in
A2 K2 E £d5tn, 22X Xot EE(1566)2 2 X|O{E MESICt. 2 signal communication
M3t SE(1566)2 2T E 2511, B8 S2(1568)22 X0{E M  with (190). The output of
Ct. the motion and spatial

compensation part 190 of
[0126] T &3t HEQF 20|, Advanced 4:4:4 Z2IAS Q|3 {22 T2} the adder 110 is
2 (profile_idc=166)0| 7§ A|EICt. O] M2 ZZUtA2 H|2 =g MA|00| connected in signal
o8 =& 1, M2 =gt AA[0of C{S5t= A|THE] Bl MEEA BIDL= communication with an
O|5t0l| M| 2 =3tCt. O] M2 & profile_idece AR A IO MEO| =7t jnverting input.
511, 24 S| 0| =2 0[83510] Y HBH2 4:4:40[ 12, 37 Y&
= 202N |ASHA 22 SCh= ® & LHEFHCE [0050] Referring to FIG.
2, an exemplary video
[0127] H.264 EZ0f CHg HH Ol HatE £[401517| /510, M22 Of decoding apparatus
2% EtY2 Advanced 4:4:4 T2 CHSHO] ZHA|SHA| @=Lt O generally denoted by
41, H.264 EF 0| H|O| & 7-11, H|O| & 7-13 | & 7-140]| @At 23  reference numeral 299.
D OEt0[Eet e ZE A2 EE EIY2 o M3 F=SICE. A EE2L  The video decoder 200
32259 220 Choto, 37§ &= &, F0f, Cr 3 Cb B 5= H.264 and the video decoding
HF9| H|0|& 7-110] ‘H2|3t MbPartPredMode0f| 7| =510 Q1A EBICL.  apparatus 299 post

—

0| & £01, Advanced 4:4:4 T2 I} AO| Intra_4x4 |1ZAEEEL2 2= Y= decoder inverse color
d2 ME2 H.264 EFO| H|O|= 8-20]| FO{ZI 9719 7t58 0|F 2E  conversion module 293.
DEE 082N CAIES £ Lt EE QO|oict En2, s

Of High 4:4:4 T 20t A0 M Intra_4x4 1A EEES {Tt M2 5 27= [0051] The input of the
AZ20I2M FZ3t1, H264 EEZ 9| H|O|= 8-52]| 47}9| 7} =&t QIEE} 0| video decoder 200 is

= QC = 3}L10to| O|2EICH B Y PO EE 20| O}, Advanced available as an input of a
4:4:4 T2IHA0| CSI0] O|FO0{ 2l Hat= Z4d DA |X[0f Q= 7|&  video decoding apparatus
oM ZEO| AlAME QI 27 T2 M A0 A BHMSICEH O 7| M, H264 BEE  (299). Video decoder

O MM 8.4.22.10) 7| &St A0l 20t MZ HZF T2 M AL 204 Cr 9l 200, the input unit 210 of
Cbo| Lo} HgolCt. &2, HX|Q| High 4:4:4 ZT2Lt A S H.264 T the input unit in signal

O| MM 842220 AZ20FMEHZIITZMNAE 2EH X2 = 2740 CHSt communication with an

of o|g3%tct. entropy decoder. The first

output of the entropy

[0128] CABAC7| QIE2LI| 3 BEEM MEHE|= Z Y, £0H0|| CiSt0  decoder 210, an inverse
oM FolEl Ant St AHAE DO 2749 JHEH M EZLCr 8l CbO|  quantizer / inverse
CHoto] - =t ot O MEs QI3 E 1M S0t B F o2 YHO|E  transformer 220 is

E Lt connected in signal

_ N communication with an
[0129] EI|-J(||1|F9§, Ol Jé'AlO:" Oﬂklf ——?'—%I —?—ioﬂ RCT %Eol 'E‘XHol'xl input_ The output of the
®oo 2, ResidueColorTransformFlag= Advanced 4:4:4 TELIAO[ Al i verse quantizer/inverse
B Oiet0lE NE2FE HAECH transformer 220 and the
first input of the adder
(240) is connected to
communicate with the
signal.

[0130] X| 27HX|, CHELE0] Al EHA ML= £ 130] EA|SH HEe} Zto| Ztof
HlO|E 04| 28t =b|, = Obof it 20| AlEfA = HotEl Advanced
4:4:4 TEI}A0| Cr 3l Cb= X|USIEE 23| HH= L}
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[0131] H.264 |22 22 A= H|O
AE 20| Chgk A|HE] WSt CH2 S mBBICY,

[
|.|-|
>
ot
A

i

510, of

olo

[0132] coded_block_pattern (Add). chroma_format_idc7} 31} S35} 11,
coded_block_pattern0| £X|5}= AL, CodedBlockPatternChromas= 02
2 MH™EICH EESH CodedBlockPatternLuma= O3 282 £ 9| 127} 8x8 &
OF, Cb X Cr £& 24 240] CHSHO] (1) 8x8 S0}, 8x8 Cb 5l 8x8 Cr £& L
127 4x4 20 E89| R = Hel 7|4~ 20| 01} S Lot B2 Gl (2) 8x8
F0, 8x8 Cb Bl 8x8 Cr 5 LH 4x4 R0 58 F ofLf O| 9| HEt A
2|2 S StLt O|&f0] 0 20| Ot B & StLtE X[F gLt

[0133] O[A|, M|2 =& HA|G|(E= 37H9| Mgt St HF 7|9 ME(E=
MEM E)Q| 0| 0| 2tot Eh= M A|0f)0f| 2 CIEEL S0 tio St of
= 2 C MEfol| 2510 & HotLt.
[0134] x| &tO] MbPartPredMode 3! X}MO| 57t 0= REE S X0 F
MEiSI= 2F 20| Tisto], 2t A xfd S B2 QIATsI= de &
O, M MZ2 QI EEt £5 EtY2 H.264 HF9| H|O|5 7-110] =7}
=k QUCh 3 A, H.264 2FE0f CHSHo] B2 Moty HZIct K2 et 4
AlOf[off 2ot & A[Of|0f| Af, B XH2| mb_types= BSEA| B1, CHE S A2 O
(o] =" —

o

n
> 2t
r_sl i
i rlo

IAZES EfYCZ QISR

a2t IZEF o= MEA0 =71 Of

SIsiCt D202 2t M2 AfHo] Cfst of 3 ofal & &4 31317] 9 Bto,
2 Mg 2 o{M3| O|ENOZ AN B2 0|3 ZC8 SYHoZ Nty
= QULCL O & &0, Intra_4x4 A2 EE 2 mb_type Q2 A MEAEICI 1
7174stH, £0f, Cr E= Cb= H.264 EF 2| M4 8.3.1.1 L} E|0|= 8-20{
M & ol Z7t 0|/ BE, O & 0 FOHE {2t Intra_4x4_Vertical, Cr
£ 2|3t Intra_4_4_Horizontal 3! Cb& 2|3t
Intra_4x4_Diagonal_Down_Left§ O{ & 5| 2tAS 4~ QIC}

=

=H prev_intradx4 pre_mode_flag,
rem_intra4x4_pred_mode, pre_intra8x8_pred_mode_flag 3!
rem_intra8x8_pred_modeQ} Z+E 7|&=O| MENA 1M @ A0 o8l HHX| &
% QUL 0| EML2 H.264 B

[0136] B|~E ZAutof 7|2=51H, 37| 0|5 ZE& O0|8510] A1 =8t 24|
oflofl B3 2f 0.2dBRHE TH 2E 5= SHAIZ 5 ULt

[0137] = 165 & X5l H, H.264 A2 EF 0|5 ME A0 Oigt HO|[E2
LYo 2 HZMS 17002 2 LIEJHCE F 2, 37] 05 ZEE 0|8
oto] X| Jots HYE AR EF o= A=A = of2jet 20| E7st=H|,

[0138] prev_intradx4_pred_mode_flagO 3! rem_intra4x4_pred_modeO

L 20hE 9Je 20|,

[0139] prev_intradx4_pred_mode_flag1 3! rem_intra4x4_pred_mode1&
Cr2 ?let A0|H,

[0140] prev_intradx4_pred_mode_flag2 3! rem_intra4x4_pred_mode2=
CbE 9|et Z{o]ct

[0141] OI K|, M2 =gt A A|0]0f THSEO| A A|G|Of A F--ot
of theh ~&ok Al Z2|0]d Autof &oto] dFotot.

= 2yo

http://pdf9.patentorder.com/pdf/MTKR 2008000654 htm

Page 22 of 56

[0052] The output of
adder 240 is connected in
signal communication
with the de-block filter
290. The reference
screen output unit of the
de-block filter 290 in
signal communication
with reservoir 250.
Storage 250 based on
the screen of the motion
and spatial prediction
compensator 260 is
connected in signal
communication with a first
input. Motion and spatial
prediction compensator
260 of the output unit
(1094), an adder 240, a
second input connected
in signal communication
with. The second output
of the entropy decoder
(210) to a second input of
the motion compensator
260 is connected in
signal communication
with. The output of the
de-block filter 290, and
the output of the video
decoder 200 is available
as an output of the video
decoding apparatus
(299).

[0053] In addition, the
post-decode the output of
the inverse color
transform module 293
may be available as an
output of the video
decoding apparatus
(299). In such a case,
video decoder 200 post
on the output unit of the
video decoder 200
decodes an inverse color
transform module 293 of
the post-processing
module of the input and
the signal
communication. The
output of post-decode an
inverse color transform
module 293 with respect

5/10/2018
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[0142] 2 & JVT/FRExt HAE Al-?_JﬁE JVT-J042, Film-Originated Test to the output of the video
Sequence, JVT-J039(Viper)0f| A HS}IQICH E|AEE 2 & 4:4:4 10-H{E  decoder 200 and the
Ofjxo|2, 2t 82587 =S =Lt inverse color converted
signal provides a post.
[0143] MIQtEl Y n2[F2 JVT 7|&F 2T EQ|0 IMI.60|M 3SR,  The use of post-decoding
HEE ATE J|O1§ HIAEO| 0|23} RUL}. Intra-Only 3! IBRrBP & L}  inverse color transform
HAESIQULL "Br'e 7| 2% B 3tH S ©|0|StCt. Intra-Only 242 += 6, 12, module 293 is to
18, 24, 30, 36 Sl 422t T Aot LKAt} Li2t0|E{ 7t Y= A|BA 250 Cf  recognize that option.
510 0I$01§i':f- Al 1I0I 10f ERQ =2 A7 [[HTOH IBRrBP GOP
(o]

fof =
r
Of TS} A2t O| ZO|RC. 4:4:4 AHG

0

mlo
rr

TEE 12,18, 24, 30 4l 361} = St LAfz} u}EH:I|E17} Ql=dag} 22 [0054] 4 Enhanced in
9| _L-l_-_0|01| 2™, C}29| =9 m}2t0| accordance with the
HE HAEO o|238%L}t. principles of the present
invention now will be
[0144] SymbolMode = 1 described coding. In the
o first embodiment with
[0145] RDOptimization = 1 respect to all the color

components, and the
luma coding algorithm
using spatial prediction
with respect to all the

[0146] ScalingMatrixPresentFlag = 0

[0147] OffsetMatrixPresentFlag = 1

[0148] QoffsetMatrixFile = "q_offset.cfg" color components, using
the same residual color

[0149] AdaptiveRounding = 1 transform (RCT) mode to
compression loop

[0150] AdaptRndPeriod = 1 combination is omitted in
an embodiment within.

[0151] AdaptRndChroma = 1 This embodiment also
provides test results for

[0152] AdaptRndWFactorX = 8 the combination. Then,

_ with respect to all the
[0153] SearchRange = 64 color components, and

the luma coding algorithm
for all color components
(or a subset) of the set of
spatial predictors (single
spatial prediction mode
using residual color
transform (RCT) to

[0156] PSNR =X 2 Alast 222 9|3t RGBOl AA ZH|X0| Haj Al compress in_stead), either
SHOl0fA =2 HABI LT} (PSNR(red)+PSNR (green)+PSNR(blue))/3 :‘régigfnsgr:'tbi‘:nmmg e
o2 M Mozt HF o MK o= = A2 H|psl= O o|esiC) ,

o2 M Folst B PSNRE XA &% 23 Hluste o ojgsict.  Smbodment, omitn
Thus, the difference

between the first and

[0154] UseFME = 1

(0155] JPEG2KO] 3}0f, KaKadu v2.2.3 201§ EJAE0] 0] 83}
ﬁl:l'- E'”ﬁE |': 9/7- EH le Il:ﬂ_ .?-_”Oll:lE‘Il ol E‘IE _F”0||=|E.|| OI- s
X2l 5 Eﬂ”"% o|g8e EM‘l At = A 6H—f°| Et 2 3rol KXHOPO“
1, F0{% S EES {8t RD- OptlmlzatlonE o|g23s}Lt

Do

[0157] &= H|u= CHS1F 20| d3HRAC

—_

[0158] New1: Tt Of|Z 2 E 7} Q= X|OH=l Advanced 4:4:4 T2 1}Ql. second combined
embodiment in the first
[0159] New3: 37} O||= 2 EV} Q= A|9tEl Advanced 4:4:4 T2} Q. embodiment with respect
to all color components
[0160] RCT-OFF: RCT=0ff7} Q= RGB Y &. using a single spatial
prediction mode, and a
[0161] RCT-ON: RCT=0n0| /= RGB . second combination

embodiment, with respect
to all the color

components of the limited
spatial predictor uses the

[0162] YCOCG: RGB [l YCOCG Hgt2 3Tl Q| =0|A 28t QiC Ot
O, H3tEl YCOCGE JVT 2ZEQ|0f0f CH YHS 2 M 0| 8S}RALE.
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[0163] R+G+B: R, G U B
EH

H -

[0164] Y+CO+CG:
BtE[= H|QF .
[0165] JPEG2k_RGB: JPEG2k 2t=2
JPEG2k A H{st2 B © m|QiC}.

RGB = Ql0f| A =& S|t

[0166] JPEG2k_YUV: JPEG2k &&= YUV S| Cl0|| A 23 STt
JPEG2k M HiEl2 0|23} SiLCt.

[0167] Intra-Only ZA2-0j| CH3I0], £ 2|0 = X|9tEl Advanced 4:4:4
T20jee MK g B20| BEOIA JPEK2KS IS SARICH 23
S0f& %47+ G YoiCt.

[0168] & 2o Yl2|0f [HE T2 H
Ojul S| QS BICH 45dB (PSNR) O] A
5 3

2 #Xo| High 4:4:4 T2OAEC}
[¢)
o SkAtS 1 5dBECH 3L HEHO|

PSNRO| M, B2 PSNROJA 0 B
2o stare 45083} 5 U

—_

o
oz

|
= oo

PSNRO|[A 9| 25% £} 2 H[E & 7Zto 2 3| M3

of M

2ot £ EtYO|GEtE, TH
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set (or a subset). Of
course, as described
above, the embodiments
described herein may be
implemented as separate
embodiments, those
skilled in the art will
readily appreciate may
combine in such a way.
For example,
embodiments in
accordance with the
principles of the present
invention is configured to
omit the RCT from
compression loop without
combination with other
embodiments, uses only
a single spatial prediction
mode. In the present
specification in
accordance with the
teachings of the present
principles provide a while
remaining within the
scope of the present
invention, one of ordinary
skill in the art for the
embodiment of the
present invention,
implementation and
combination such a
modification that can be
easily recognized.

[0055] Referring to FIG.
3, pre-encoding color
conversion block is an
example video encoding
process is indicated
generally by reference
number 300 and 301,
respectively.

[0056] Pre-encoding color
conversion block 301
includes block 306, 308
and 310. In addition, the
pre-encoding the color
conversion block 301 is
optional and may be
omitted in some
embodiments of the
present invention is to
recognize that.
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[0057] Pre-encoding color

conversion block 301
starts the loop for each
block of the image, and

Patent Order MT

) e% o) a— 4 R .m:m
c 7] = O = [} —_
S £8558 ESES 5.5 £ Eo¥E
0  LETePE=EL=TD = 9S82 25500907
o, Qo= EcEToTJooE 2CE= o202 q
VO o C rDu.lOuﬂO.GnS.l O Q= o [e] e 7]
00 & 0950t o0osE 9= —oonsSlsoog ol
+ o ™ Z 0 o O — — = O o .|Ohn33 hego
2580 3>58mocBcE020 =0s3¥6R5SEL
o < o gL
Co08200s a0 258w .  ZE. 002 0-3_"0
S _2EEcc o005 0L20R02020505 3
%O.W.mool,sdoooo..moodsdoo ]..@Nao.nlucoewa
P E=T0ecxTVPEXXTXITDVDE X QOO 05G22l p D
DocoQcQ@Fo0o0 0~ OEDV W O ¢cac c
w2gcos 06c88m8p0c8 oo @ T g S
° S S92 02228902 BT 8CSS5I¢99EC D
ol L 00 wa0onoofoeE00a LmodglL 205 S
=~ ~~ — L e
ol Il o T m._.__w_._.__._..__._._ HAl__A_.__uI._.o ._omu._ U
oM Msoua®ied®  withe 8%¥g
—_— - |_I__._._ . = — |O
= Ol BO™ 5% gt TT oy 10— <T TT HT:T_._._r=_| N O
oty S—m° K L s oll=j=¢ ZFH N J o= 180
B Ol 5w B0 008 G Ay un ol o &)
T L e G 1 W BOT_ .-
Moz gp — B Wy U oy B - -

. oK - [y | ot
ol. XT3 _u__o_ELLHEn_ HE____E_I_ AL muE_m.__m_._.ﬂ.__no_l .IAEA_Eo_ELl_._t

ol iy — LT = = o OFpn 2,4l < _—H0 ol o
KO = . Ofoig; <0 ERoRl —, om0 B o R ol By
= Fge O i <Hn o g KH =< <My
H= 1 S KO m._Aw"nAm H_I_A _.___u_.._n_”_g_L ok = ._hEm
B AE Frd A mplines o ml H=l =
WP WS e O s S 0mT o8 B o8EIo o

- —,oll = | == —_ o
E__%omo__: ._ln_vl_l_u_n__mmmum_mm.__u_._._._ n_xwl_n_blm.__—“ ._.._u./_._h_Al__l_ o] X0 10 O__I_H_”_
O__oERD oM m <l =~ =0 =
—, N MmN —=m0, — =gz K0 ——

AN oHl T ™ =KD S Hl = KO ml
oK g = o_u_lam_m:_._ _|_|r,_“__u A|__“__._mm_.o: o___ro_L||mo

KO 110 oF ol O & o TO— = . =2
ol o KT o M PR HERE
= 0] = H L_Lla_____..._._._“_..._. Zd—— = u- =1 =14
ROS HIK 1 030l —<| V5= = =) F il O
uropston o g O3 K THMNTM oM<
== ) < HIN S oED Bl H Tl o= X0 —
PIWE O = K] T U W0y, U Hpy g0 = Jlaru N
TN ._WonHEM Ulﬂmlm%_u__aw_._ux_u Wmmu._un_vuo_ .._Alulgc_:rw
SHUlM rHEHTFETUW ZEmom  ZoNTE
cm T ape R EE T T eI | S Teroigm
org o AOTrmmod N Z ooy _ o tHu T X

B ol TR I HZH TR o STRIMIT = P LH T
K 00F! o BIS op T <] Olap I O g <1 M52 B0 2 OF <0
HWNTO sl kel W<t gl Dol
=il T eHeeRMO ) —Sietsly —MHIE o
S Ol o <40 140 = o0 . ~an © 10 gL S s
~domoor S MBI T Ao N ST IO - g MBI
o F el o 0ltHlwslmoiulotry emiN<Fors <K JUaK

5/10/2018

current image block from

motion compensation
prediction residual by
subtracting the prediction

or spatial prediction, and

passes control to a
control to a function block

Function block 320 is a
Function block 330 is a
quantization, and passes
335. Function block 335
is a prediction residual

prediction residual

transform and
inverse quantization to

prediction, motion
compensation, and
passes control to a
function block 320.
function block (330).
inverse transform and
the coded prediction
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residual, and passes
control to a function block
345. Function block 345
is a coded block coded
by adding the residual
prediction screen, and
passes control to block
350 to end loop. In
ending loop block 350
ends the loop, and
passes control to block
355.

[0059] Referring to FIG.
4, post-decoding the
inverse color transform
block is an example video
decoding process is
indicated generally by
reference number 400
and 460, respectively.

[0060] Post-decode the
inverse color transform
block 460, 462, 464, 466
and 468 that the block is
recognized. In addition,
post-decoding inverse
color transform block 460
is optional and may be
omitted in some
embodiments of the
present invention is to
recognize that.

[0061] decoding process
400 starts a loop for a
current block of an image,
and passes control to a
function block 415 in a
loop limit block 410.
Function block 415 is a
coded residual entropy
decode, and passes
control to a function block
420. The function block
420 is decoded by the
inverse transform and
inverse quantization to
the residual coded
residual, and passes
control to a function block
430. The function block
430 is common to the
respective color
components forming the
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predictor from coded by
adding the prediction
block to the intra coded
residual, and passes
control to a loop limit
block 435. The loop limit
block 435 ends the loop,
and passes control to
block 440.

[0062] In some
embodiments, post-
decoding loop limit block
435 is a block 460,
particularly post-decoding
inverse color transform is
an inverse color
transform block 460
transfers control to the
loop limit block 462
includes selectively
delivered to. The loop
limit block 462 starts the
loop for each block of the
image, and passes
control to a function block
464. Function block 464
is reverse-color video
signal data of the current
image block and performs
post processing, and
passes control to a loop
limit block 466. The loop
limit block 466 ends the
loop, and passes control
to an end block 468.

[0063] H.264 4: 4: 4
format has a full
resolution for all
component channels.
Thus, according to an
embodiment of the
above-described first
combination, luma coding
algorithm to compress
with respect to all the
color components to
obtain maximum
efficiency throughout.
Thus, in this embodiment,
in the case, all the color
components, for example,
Table 8-2, Table 8-3 and
Table 8-4 in the ISO / IEC
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14496 10 (MPEG-4
advanced video coding
3rd n6540, Edition(itu-t
and q.6, rec.h.264), july
2004 ITU-T and ISO / IEC
JTC1/SC29/prediction
mode may be
compressed using listed
above.

[0064] In addition, in this
embodiment, the same
for both the three pixels
using spatial prediction
mode, to reduce the
complexity of the codec
to improve performance.
For example, macroblock
predicted in the header

4 pred_mode,
prev_intra4 prev_intra8
for luma and rem_intra8
4 pred_mode_flag,
8_pred_mode_flag
rem_intra4 0 0 0 O 8
prediction mode is set by
the parameter may be
used by all three
components. Therefore
additional bits and syntax
element is unnecessary.
B and P (predictive)
frame with respect to the
relative pixel position of
the reference pixel can
type is as described in
section 8.4.2.2.1 of H.264
standard interpolation
method may calculate
relative to all three
channels. The H.264
standard, a detailed
syntax and semantics
changes will be described
later.

[0065] The residual color
transform (RCT) was
added to high 4: 4: 4
profile, the encoder /
decoder. As a result, the
4:4:4 format 4:2:0 and
4:2:2 format for a
compression structure is
another profile in both of
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the H.264 standard is
different from the current
use of the compression
scheme. Because of this,
it is added, the
implementation
complexity. In addition, as
well as YCOCG, similar
to other color conversion
always improve the
overall compression
performance. The effect
is highly dependent on
the content of the
YCOCG. Therefore, in
order to improve the
robustness to full
compression and, in this
embodiment, as a part of
a color conversion is pre-
treated block is arranged
on the outside of the
prediction loop. In this
way, optimal performance
for a particular
compression operation
selecting a color
conversion, and the
specific input sequence
of operations for the best
response may be found in
a number of options.
Three components are all
the same with respect to
the intra-frame and uses
a spatial predictor
(prediction or inter coding
a B and P) frame with
respect to the same
interpolation filter in
accordance with an
embodiment using a color
conversion with respect
to the prediction residual,
performing a
rounding/forsaken error is
if the codec outside of
ignored for the source
image in the same as that
for performing color
conversion. As it will be
described later. Thus,
removed from the RCT
coding structure to block
coding structure
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consistent for all the color
format.

[0066] Referring to FIG.
5, a simplified model of
the RCT is generally
indicated by reference
number 500. The
reference pixel generator
510 RCT model 500 and
linear transformation
module 530 by adder
520. An input of the
reference pixel generator
510 motion/[X2]....... [XN]
[X1], edge information
andconfigured to receive
a vector. Reference pixel
generator 510 of the
output unit in signal
communication with an
inverting input of an
adder 520, andprovides a
predicted vector [XP].
The non-inverting input of
the adder 520
isconfigured to receive
the input vector [XIN].
The output of adder 520
linear transformation
module 530 is connected
in signal communication
with an input andprovides
a vector [XD]. [Yd] linear
transformation module
530 of the output unit
51is configured to provide
the vector.

[0067] Simplified model of
RCT(500) represented in
the 3 O 3 matrix [a color
conversion (linear
transformation) is defined
as follows.

[0068]

The RGB domain of [XD],
[X2]....... [XN] [XIN], [X1],
[0069] [XP], 3 OO 1 vector
representing a pixel.The
color conversion result of
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[YD] represents the three
O 1 vector. Therefore, as
follows.

[0070]

[

[0071] Configured in this
embodiment, examples of
the macroblock according
to the principles of the
present invention with
respect to all three
components the same
spatial predictor and [XP]
interpolation filter, and the
reference pixelmay be
expressed as follows (

where, n O 1 vector [C],
[0072] [0073] The H.264
standard and
interpolation filter
associated with a spatial
predictor defined in linear
operation. Here, the
reference pixel
iscalculated by using a
[X2]....... [XN] [X1], total n
adjacent pixels.

[0074] Equation (3) by
substituting in the
equation (2 [XP] as
follows.

[0075]

to [0076] Ignoring
rounding/forsaken error,
the same prediction mode
selected from the RGB
domain or Y assuming
that the domain is as
follows.

[0077]
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[0078] Therefore, as
follows.

[0079]

[0080] Thus, Equation 6
can be configured in this
embodiment YUV in
accordance with
principles of the present
invention is used as an
input of the
encoder/decoder to
perform the RCT to
clearly shows that the
same.

[0081] Further,
embodiments in
accordance with the
principles of the present
invention is configured,
there is a
"profile_idc=166 herein
considers to be the
4:4:4:4:4 profile"
advanced profile is added
to the H.264 standard,
which are new. This new
profile may be added to
the sequence parameter
header, as well as
residual data macroblock
layer header header may
be used.

[0082] luma algorithms
used by three color
components are all, in
order to support coding of
residual data syntax in
some may have changed.
In addition, the macro-
block header, such as
header data in the
remaining semantics of
some of the components
may be changed. In
general, the existing
H.264 syntax in luma is
not changed, and coding
one of three components
are utilized. Change of
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backward compatibility.
Change of detailed
syntax and semantics are
described below.

[0083] Now, in various
embodiments in
accordance with the
principles of the present
invention is configured
will be described with
respect to the result of a
simulation performed.

[0084] Referring to FIG.
6a and 6b, the bit rate to
the average PSNR, ATV
intra-only is generally
indicated by reference
numeral 600 of Figure
and 650 respectively.

[0085] Referring to FIG.
7a and 7b, the bit rate of
the average PSNR for CT
intra-only is generally
indicated by reference
numerals 700 and 750
drawings, respectively.

[0086] Referring to FIG.
8a and 8b, the bit rate of
the average PSNR for DT
intra-only view,
respectively generally
designated by the
reference numeral 800
and 850.

[0087] Figures 9a and 9b,
the bit rate of intra-only
MIR_HD view the
average PSNR is
generally indicated by
reference number 900
and 950, respectively.

[0088] Referring to FIG.
10a and 10b show the
average PSNR vs. bit
rate RT of intra-only view,
respectively generally
designated by the
reference numeral 1000
and 1050.
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[0089] Referring to FIG.
11a and 11b, the bit rate
of intra-only STB_HD
view the average PSNR
is generally indicated by
reference number 1100
and 1150 as shown.

[0090] In particular, FIG.
6a, 7a, 8a, 8b, 9a, 10a
and 11a is the above-
mentioned term "new")
test results for the
proposed advanced 4:4:4
profile shows the results
obtained for the
corresponding
approximation. In
addition, Fig. 6a, 6b, 7a,
7b, 8b, 9a, 10b and 11b)
described above in terms
of a "new" (4:4 JPEK2K
proposed shows test
results for the profile.

[0091] In FIG. 6a, 6b-11a,
11b) all represents
decibel (db PSNR,
represents the bits per
second (bps). A ATV, test
clip name of MIR, CT,
DT, RT STB.

[0092] as Jvt-j042,
Jvt/frext film-originated
test sequences were
used in any of the test
sequence. Test medium
10-bit 4:4:4, and both the
58 movies have each clip
frame.

[0093] In the JVT
reference software JM9.6
proposed advanced 4:4:4
profile It was
implemented. A intra-only
and IBBP coding
structure was used in
both tests. With respect
to the quantization
parameter for each R-D
curve was set at6, 12,
18, 24, 30 and 42. Rd-
optimized mode
selection) was used.
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[0094] In addition, there is
a 4:4:4 profile is based on
proposed advanced
yuvformat=0(4:0:0) all
software executed by
each input component,
were compared with the
results obtained. Three
separate each
compressed bit count
total to compute a
compression bit rate to
obtain a compressed bit
was added together.

[0095] Testing of
JPEG2K regard, v2.2.3
software was used to
kakadu. Test results are
as 9/7- wavelet filter tap
double orthogonal 5 level
by using wavelet
decompression. There is
only one tile per frame
rate for a given target
RD-optimization, was
used.

[0096] The PSNR
measurements were
made at both the RGB
domain. The average
PSNR is defined as
(PSNR(RED)+PSNR
(GREEN)+PSNR
(BLUE))/3 is used to
compare overall
compression quality. This
is mainly a JPEG2K
compressed data controls
the speed of the Software
may be provided using an
algorithm to calculate the
unknown. In some cases,
especially if hayeoteul
using a JPEG2K PSNR
value of RGB color
conversion are very far
apart.

[0097] Compression

comparison was
performed as follows.
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[0098] and new1: single
prediction mode is
proposed (4:4:4 profile.

[0099] The proposed
three prediction modes
and new3: (4:4:4 profile.

[0100] The RGB input
and Rct-off: Ret=off.

[0101] The RGB input
and Rct-on: Ret=on.

[0102] RGB to YCOCG
transform a codec from
outside and YCOCG:.
Next, the JVT software
was used as an input to
the YCOCG transform.

[0103] and R+g+b: R, G
and B signal separately
method proposed that is
approximated by
compression.

[0104] and Y+co+cg:
converted, Y, Co and Cg
signal separately method
proposed that is
approximated by
compression.

[0105] Compression of
JPEG2K and J2K_RGB:
have been made in the
RGB domain. Jpeg2k
color conversion is turned
off.

[0106] Compression of
JPEG2K and J2K_YUV:
was made at the YUV
domain. Jpeg2k color
conversion was used.

[0107] Test results
showed that, in an
embodiment, the
implementation according
to the principles of the
present invention
structured full
compression in general is
very similar to the
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JPEG2K in terms of
efficiency. In some cases
a slightly better.

[0108] Further,
embodiments in
accordance with the
principles of the present
invention is configured
with respect to the
implementation of 40 db
(PSNR) or more quality is
significantly higher than
the current high 4: 4: 4
profile provides a
performance
(compression).
Specifically, the YCOCG
and Rct-on New1-ycocg
or New1-rgb New3-
ycocg, Rct-off better and
better than a New3-rgb
or. 45? average PSNR,
the average PSNR
improvement (PSNR) or
more is 1.5 db or greater
than zero. In a final
example, such
improvements are higher
than 25% in the same
PSNR 45 db may be
interpreted as a bit
savings.

[0109] Test results
showed that when the
content is more colors as
does take place when the
TP, RT, color conversion
is helps to coding
performance. In other
words, color, saturation,
and gray in less coding of
RGB domain is the right
choice. Using the above-
mentioned observed
regardless of whether any
color conversion.

[0110] Comparing the
results of New3-ycocg
and Jpeg-2k_yuv New1-
ycocg or from the
viewpoint of improving
the coding efficiency, the
performance of a
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particular color transform
is seen that very content-
dependent. It is not
always the best in single
color transform.
Therefore our data within
the encoding (or
decoding) the same color
as the loop that RCT
conversion may or may
not be a good idea to
check that. Instead, if
necessary, the encoder/
decoder, by performing
the color conversion from
the outside full
compression system is to
provide a better or more
strong performance.

[0111] When compared to
the YCOCG, Rct-on
certain coding efficiency
orientation from the RCT
multidimensional test
results not shown. In
addition, it turns on the
RCT is the reference
software for executing
this need to know that it
was not significantly
increase the coding time.
Itis 2.5 times longer
execution time.

[0112] Now, in
accordance with the
principles of the present
invention is configured in
an embodiment syntax
and semantics described
with respect to the
change.

[0113] Referring to FIG.
12, a table for H.264
sequence parameter
syntax is generally
indicated by reference
number 1200.
Embodiments in
accordance with the
principles of the present
invention is configured to
the syntax change shown
in Italics.
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[0114] Referring to FIG.
13, the residual data
syntax tables for H.264 is
generally indicated by
reference number 1300.
Embodiments in
accordance with the
principles of the present
invention is configured
add/change the syntax
shown in italics. In table
1300, the luma section is
required for residual data
and header are repeated
twice with luma1 text and
luma2 supports,
respectively.

[0115] As described
above, a combination of
the above-described first
embodiment of the
present principles, was
evaluated and tested by
implementing the JVT
standard software JM9.6.
Representation as New1-
rgb or first combining
New1-ycocg shows an
example test results.

[0116] As described
above, embodiments in
accordance with the
principles of the present
invention is configured,
rather than a single
spatial prediction mode
set of three limited spatial
predictor component (or a
subset), RGB, YUV,
YCRCB format that
channel (e.g., uses, etc.).
In addition, as described
above, in this
embodiment, another
embodiment described
herein, for example, only
using a luma coding
algorithm codes all three
components of content
and channel, or as a
pretreatment process
using a color conversion
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may combine with the
embodiment.

[0117] Now, limited to a
three color component (or
a subset) of the set of
spatial predictors, and
using all of the three color
components using only
luma coding algorithm,
color conversion,
compression loop in the
pre-treatment process
(i.e., using the RCT)
combination will be
described with respect to
the above-described
second embodiment. In
this embodiment, some
modification will be
described.

[0118] Referring to FIG.
14, color conversion
process to the pre-
encoding the exemplary
video encoding process
is indicated generally by
reference number 1400
and 1401, respectively.

[0119] Dictionary 1408
and 1406, encoding color
conversion block 1401 is
recognized that block
1410. In addition, the pre-
encoding the color
conversion block 1401 is
optional and in some
embodiments of the
present invention is to
recognize that it may be
omitted.

[0120] Pre-encoding color
conversion block 1401 is
a loop for each block of
the image, and passes
control to a function block
1408 to start a loop limit
block 1406. Function
block 1408 is the color of
the current image block of
the video data signal, and
performs pre-processing,
and passes control to a
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loop limit block 1410. The
loop limit block 1410
ends the loop. In addition,
the loop limit block 1410
are included in a video
encoding process 1400
and passes control to a
loop limit block 1412.

[0121] The loop limit
block 1412 starts a loop
for each block of the
image, and passes
control to a function block
1415. The function block
1415 with respect to each
color component of the
current image block using
a common prediction or
spatial prediction, the
motion compensation of
the current image block,
and passes control to a
function block 1420.
Function block 1420 of
the current video block
from motion
compensation prediction
residual by subtracting
the prediction or spatial
prediction, and passes
control to a function block
1430. Function block
1430 is a prediction
residual transform and
quantization, and passes
control to a function block
1435. Function block
1435 is a prediction
residual inverse transform
and inverse quantization
to the coded prediction
residual, and passes
control to a function block
(1445). The function
block (1445) adds the
predicted coded residual
block to form a coded
screen, closed-loop, and
passes control to block
1450. In ending loop
block 1450 ends the loop,
and passes control to an
end block 1455.
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[0122] Referring to FIG.
15, and a reverse-color
conversion process, post-
decoding an example
video decoding process
is indicated generally by
reference number 1500
and 1560, respectively.

[0123] Post-decode the
inverse color transform
block 1560 includes
1562, 1564, 1566 and the
block 1568. In addition,
post-decoding inverse
color transform block
(1560) is optional and
may be omitted in some
embodiments of the
present invention is to
recognize that.

[0124] Decoding Process
1500 starts a loop for a
current block of an image,
and passes control to a
function block 1515
includes the loop limit
block 1510. The function
block 1515 entropy
decodes the coded
residual, and passes
control to a function block
(1520). Function block
1520 is decoded residual
inverse transform and
inverse quantization to
the coded residual, and
passes control to a
function block 1530. The
function block 1530 is
coded residual predictor
for each of the color
components formed from
common screen that is
added to the prediction to
form a coded block
passes control to a loop
limit block 1535. The loop
limit block 1535 ends the
loop, and passes control
to an end block 1540.

[0125] In some
embodiments, the loop
limit block 1535 ends the
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post-decoding inverse
color transform block
1560, after decoding the
inverse color transform
block (1560) included in
the loop limit block 1562
passes the selectively
controlled. The loop limit
block 1562 starts a loop
for each block of the
image, and passes
control to a function block
1564. Functional block
(1564) is a video signal of
the current image block of
inverse color and
performs post processing
data, and passes control
to a loop limit block
(1566). The loop limit
block 1566 ends the loop,
and passes control to an
end block 1568.

[0126] As described
above, a new profile for
4:4:4 (profile_idc=166)
advanced profile is
disclosed. This new
profile may be used in
combination of the
second embodiment, the
second embodiment
corresponding to the
change in the syntax and
semantics are described
below. To add a new
profile, and a sequence
parameter set input
format is 4:4:4 and
subsequent header,
mainly using both the
three input channels
similarly as the spread
indicates that it creates a
luma coding.

[0127] ITU-T H.264
standard, in order to
minimize the change in
the essential is a
trademark of advanced
new macro-block type
does not disclose for
4:4:4 profile. Instead,
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7-11, Table 7-13 and
Tables 7-14 table of the
H.264 standard coding
parameters associated
with the listed above may
still all the macro-block
type. For the case of an
intra macroblock, three
input channels, both the
luma, Crand Cb
mbpartpredmode defined
in table 7-11 on the basis
of the H.264 standard.
For example, the macro-
block of 4 O 4:4:4 profile
advanced all input
component channels 9
given in Table 8-2 of the
H.264 standard, video
encoder 20 may encode
a prediction mode means
that by using both. For
reference, the high 4: 4: 4
profiles in the current
channel for the 4 O 4, two
of the macroblock chroma
and treated as, H.264
standard of Table 8-5 of
one of four possible intra-
prediction mode is used.
For B and P macroblock
(4:4:4 profile, the
changes made with
respect to the criteria of
the fractional-pixel
position interpolation
process for the
calculation of the pixel
value. Section 8.4.2.2.1
of H.264 standard, where
sample luma interpolation
process described
process to apply to the
luma, Crand Cb. For
reference, in the current
section 8.4.2.2.2 of high
4: 4: 4 profile of the H.264
standard, the chroma
sample interpolation
process uses with respect
to two of the input
channels.

[0128] CABAC entropy
coding mode is selected
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as currently defined with
respect to the case, two
separate set of same
context model is
generated with respect to
the CR and CB. In
addition, the SET is
updated independently
during the encoding
process.

[0129] Finally, in this
embodiment, because
there is a block in the
coding loop, the RCT
(4:4:4 profile of
residuecolortransformflag
are removed from the
sequence parameter set.

[0130] So far, most of the
syntax change, as shown
in FIG. 13, in residual
data syntax proposed for
luma (4:4:4 profile in the
original Cr and Cb
support to repeat twice.

[0131] H.264 macroblock
with respect to the
hierarchical tables (not
shown), the
corresponding changes in
the semantics for syntax
includes the following.

[0132]
chroma_format_idc is
equal to 3, (add).
coded_block_pattern,
coded_block_pattern
exists, the
codedblockpatternchroma
is set to zero. In addition,
the open-circuit 128 0 8
macroblock
codedblockpatternluma
luma, Cb and Cr blocks
(1) with respect to each of
the 8 O 8 luma, Cb and
Crblocks of 8 1 88 0 8
O 4 luma block 12 within
all transform coefficient
level 4 is equal to 0, and
(2,808,808808
luma, Cb, and Cr blocks
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within 4 O 4 luma block
one or more of the one or
more transform
coefficient levels when a
non-zero value of the

specify.

[0133] Now, three
embodiments (or the
second combination set
of spatial predictors (or
subset restriction) alone
embodiment relates to
the use of intra-block
processing in accordance
with a description is given
of the spatial prediction
mode is selected.

[0134] Best mode of
spatial prediction
mbpartpredmode and
lane for each component
independently selected to
separately encode each
input channel, some new
intra blocks, as in the
case of the H.264
standard type may be
added to the tables 7-11.
As a result, there is a lot
of changes with respect
to the H.264 standard. In
the second embodiment
relates to an embodiment
combined mb_types,
without changing the
current provided the other
solutions. In this
embodiment, three input
channels to be encoded
in the same limited
mbpartpredmode or the
macro-block type. Next, a
small amount of new
components are added to
the macroblock prediction
syntax supports three
individual prediction
modes. Therefore, to
minimize the prediction
errors for each
component channels, the
respective components
are still theoretically best
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can be selected
independently of the
spatial prediction mode).
For example, mb_type is
selected as the intra_4 O
4 macroblock, luma, Cr or
Cbin Table 8-2 in section
8.3.1.1 of the H.264
standard, for example,
best spatial prediction
mode for the 4 O
Intra_luma and CB for CR
intra_4_4 horizontal

4 vertical,

4 _diagonal_down_left for
It can be found still to the
4 O Intra_4.

[0135] A combination of
the above-described first
embodiment three input
channels, another
approach is to share the
same prediction mode
limited. This is the
macroblock prediction
syntax, prev_intra4
pre_intra8

4 pre_mode_flag,
8_pred_mode_flag and
rem_intra8 rem_intra4 O
0 0O O 8_pred_mode,
such as 4_pred_mode, is
currently delivering
component by the
existing syntax can be
made by utilizing the
prediction information.
This option is less
changes to the H.264
standard, and less loss of
coding efficiency.

[0136] Based on the
results from the tests of
the first combining three
prediction mode by about
0.2 db as compared to
the embodiment, it is
possible to improve the
overall coding
performance.

[0137] Referring to FIG.
16, a table for H.264
macroblock prediction
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syntax is generally
indicated by reference
number 1700. For
reference, the modified
supports three
macroblock using the
prediction mode
prediction syntax is listed
in the

[0138] prev_intrad as
follows

4 pred_mode_flago and
4 pred_modeo O for the
luma to rem_intrad4 O

0 4_pred_mode_flag1
and 4_pred_mode1
prev_intra4, [0139], the
CR to rem_intra4 O

O prev_intra4

4 pred_mode2

4 pred_mode_flag2 and
rem_intra4 0O [0140] is for
the CB.

[0141] Now, with respect
to the second
embodiment configured in
combination embodiment
in accordance with the
principles of the present
invention will be
described with respect to
the result of a simulation
performed.

[0142] test sequence, Jvt-
j039(viper) Jvt/frext film-
originated Jvt-j042, all,
has been described in the
testing sequence. 4: 10-
bit media, all test is 58
frames of each clip.

[0143] The proposed
algorithm was
implemented in the JVT
standard software JM9.6
were used to test the
modified software. And
IBRRBP were tested both
intra-only. "Br" means the
B pictures recorded. If the
6, 12, 18, 24, 30, 36, and
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intra-only 42 all the same
quantization parameters
was made with respect to
the sequence. In the
simulation, since a lot of
time required fora 12, 18,
24, 30, and 36 IBRRBP
GOP structure the same
quantization parameters
for a movie clip. 4: 4: 4 in
accordance with the
discussion of AHG key
parameters of test was
used.

[0144]

scalingmatrixpresentflag
symbolmode = 1 [0145]

offsetmatrixpresentflag
rdoptimization = 1

goffsetmatrixfile [0146] -
[0147] "g_offset.cfg"=0

adaptiverounding = 1
[0148] =1

adaptrndchroma [0149] =
1 adaptrndperiod = 1

ADAPTRNDWFACTORX
[0150] [0151]

searchrange = 64

[0154] USEFME [0152] =
1A =8[0153]

, [0155] Testing of
JPEG2K v2.2.3 software
was used kakadu. Test
results are as 9/7-
wavelet filter tap double
orthogonal 5 level by
using wavelet
decompression. There is
only one tile per frame
rate for a given target
was used was a rd-
optimization.

[0156] The PSNR
measurements for the
aforementioned clip in the
original color RGB
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domain mainly was
calculated source
content. The average
PSNR is defined as
(PSNR(RED)+PSNR
(GREEN)+PSNR
(BLUE))/3 is used to
compare overall
compression quality.

[0157] Compression
comparison was
performed as follows.

[0158] proposed a single
prediction mode, newt:
(4:4:4 profile.

[0159] Proposed a new3:
three prediction modes
(4:4:4 profile.

[0160] RGB input with
Rct=off Rct-off:.

[0161] The RGB input
Rct=on Rct-on:.

[0162] RGB to YCOCG
transform was performed
from outside the codec
YCOCG:. Next, the JVT
software was used as an
input to the YCOCG
transform.

[0163] Individual signals
R, G and B and R+g+b:
approximated by
compression method that
is.

[0164] compressing the
CO and CG signal
converted Y+co+cg:, that
is approximated by
individual proposed
method.

[0165] Compression of
JPEG2K_RGB: was
performed in RGB
domain JPEG2K. Jpeg2k
color conversion is turned
off.
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[0166] Compression of
JPEG2K_YUV: was
carried out in a YUV
domain JPEG2K. Jpeg2k
color conversion was
used.

[0167] According to
present principles, for the
case of intra-only
proposed advanced 4
JPEK2K in terms of
compression efficiency
and overall profiles are
very similar. In some
cases a slightly better.

[0168] According to the
principles of the present
invention clearly than the
current high 4: 4: 4 profile
approach. The average
PSNR over 45 db (PSNR)
improvement in PSNR
1.57?, is greater than the
average. In some cases,
such improvements are
greater than 25% in the
same PSNR of 45 db and
may be interpreted as a
bit savings.

[0169], even if the same
block type 3 than single
prediction mode, the
prediction mode, itis
better to use. However,
more syntax and
semantics may be
changed to use.

[0170] Now, in
accordance with the
principles of an
embodiment of the
present invention is
provide a description will
be given of some of the
many attendant
advantages / features.

[0171] test results
corresponding to the
principles of the present
invention the proposed
advanced high 4: 4: 4
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profile and compare 4:4:4
profile are appointed to
receive the Petitions for
improved performance.
The performance gain is
important. In addition,
color conversion structure
jump out all the color
format codec will be
consistently to the codec.
As a result, reduced cost,
and easy to implement. In
addition, by selecting the
optimum color conversion
in the aspect is to obtain
a better coding efficiency
and more robust codec.
In addition, the proposed
approach does not add
new coding tools, syntax
and semantics will require
only a slight change to.

[0172] Thus, in an
embodiment in
accordance with the
principles of the present
invention is configured
provides a method and
apparatus for video
encoding and decoding.
To obtain the current
performance with
increased performance
provides a strain on the
existing H.264 standard.
In addition, exceeding the
JPEG-2000 for high
quality applications to
obtain improved
performance.
Embodiments in
accordance with the
principles of the present
invention is configured by
using the luma coding
algorithm to code both
the content of the three
color components 4 by
4:4 in the H.264 standard
can be achieved to
improve the coding
performance. That is, the
luma (or chroma) is not
used, there is no need
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new tools to a
compression algorithm.
Instead, utilizes the
existing luma coding tools
In addition, the 4: 4: 4
profiles change of a
syntax and semantics by
implementing a three
component channels in
accordance with present
principles may support
both luma coding. The
testing performed in
accordance with an
embodiment of the
present invention, source
content is having a lot of
space when the texture
and edge using spatial
prediction tools for luma
using spatial prediction
tool than the chroma,
clearly showed excellent
performance. With
respect to the part of the
test sequence to all the
color components, when
encoded as luma is
greater than 30 percent,
more than 45 db (average
(bit reduction was
observed in the
compression quality.

[0173] the present
invention in this
specification using a
4:4:4 format of the H.264
standard-sampled data
signal, but the present
invention is described
mainly with respect to
different formats of the
H.264 standard (e.g.,
and/or 4:2:0 format, 4: 2:
2 format) as well as other
video compression
standard used by
sampling a video signal
data may be easily
implemented with respect
to the recognized. The
present invention
provided herein, one of
ordinary skill in the art,
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while remaining within the
scope of the present
invention, these and
other advantages of the
present invention, it may
be easily implemented.

[0174] Features and
advantages of the
present invention, these
and other features and
advantages of the
present disclosure, one of
ordinary skill in the art on
the basis of the contents
could be easily. In the
present invention, the
content of hardware,
software, firmware,
special purpose
processors, or a
combination thereof it
should be understood
that may be implemented
in various forms.

[0175] More preferably,
the teachings of the
present invention are
implemented as a
combination of hardware
and software. In addition,
implementing a software
clearly through the
program storage unit may
also be implemented as
an application program.
Application program is
uploaded to a suitable
structure and the
machine can be
executed. Preferably, the
machine is at least one
central processing unit
(CPU) and an
input/output (I/O)
interface, such as a RAM
is implemented on a
computer platform having
hardware. The computer
platform may include an
operating system and
micro instruction code.
The various processes
and functions described
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herein are part of the
microinstruction code or
part of the application
program, or may be a
combination thereof, the
CPU may execute. In
addition, the additional
data storage unit and a
printing unit, such as
various other peripheral
units may be connected
to the computer platform.

[0176] The configuration
shown in the
accompanying drawings,
some of the system
components and methods
Because preferably
implemented in software,
the actual connections
between the system
components or the
process function blocks
program according to the
present invention may
vary depending on the
manner in which it is to
be understood that. In
accordance with the
teachings herein, one of
ordinary skill in the art
such implementations or
configurations of the
present invention it can
be expected and similar
implementations or
configurations.

[0177] In this
specification, exemplary
embodiments with
reference to the
accompanying drawings,
however, the present
invention is not limited to
such an embodiment, one
of ordinary skill in the art
without departing from
the spirit or scope of the
invention various
changes and
modifications of the
invention in It is to be
understood that there
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may be. All such changes
and modifications that are
within the scope of the
appended claims are
intended to be included
within the scope of the
invention described.
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<B3>

<4

<952

<56

<B7>

<98>

<29

<100

<101

<102>

<103>

<104>

<105>

<106>

<107>

<108

<109

<110>

<lii>»
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A Advanced 4:4:4 TEAYL VT /)& A2l MO SAH TASGE . Intra-Only R IBP Y T
Z 5 thg HaE0 ol ga i, WAs gevlHE 7 R-D FAe) et 6, 12, 18, 24, 30 B 422 23}
At R-HEHN BE AGE ol g%

Tk, Aot Advanced 4:4:4 TESALE YUVFormat=0({4:0:¢)o] 9= 7]& AXEHAE ZE 7 97 AR
dgte] dAFoay J& F3e vwstart, 39 HEe 7 4& vE FFEE & HEELES A4
o E IEF: NES IEE A kg

JPEGZks}t #H &, Kakadu V2.2.3 2ZEH & H2E o[&353t. H2E A 9/7-9 o|F 2 9o

By A=8 geolBd 4% i 5 HES o] ETows Utk =g s gde) EAsga, F

old HE8S A% - HdE Algslsit

=4 NFE RGB EF o)A o) Fo g, (PSNR(red+PSNE(green)PSNR(bIue)) /32 A2 B PR
*& FAE vmste d ojfdt. oy, FE JPEGZk HF dlolH T A£AZEdT) zﬂﬂ%}% u] 4] 2]

1e]E5E o) & }01 l*l-EM wZoltk, WHel Ag, B3] JPEGK A4 HEE o] BIYP L Ho=

b
LA

g5 HwE v Ze] kA,

-Newl: @ 4& 2=71 g0 AorE Advanced 4:4:4 =239 .

-New3: 3719 ol& R=7) ¢l AletH Advanced 4:4:4 =239,

- RCT-OFF: RCT=off7} $1& RGB 99,

- RCT-ON: RCT=cne] 3= RGB 9.

-YCOCG: RGB o] YCOUCG W&EE Zd g Feo A o|FoHY, vgo=z, Astd YOG= VI A=E s gt
dH SR o] 4T

“R4GHB: R, G € B AFZE Her H&Fory ZAFHE Add 9y

SYHOOHCE: WEH Y, 00 R G AEE EER 4o 2 ZASHE Aldd w,

- J2k_RGB: JPEGZk <52 RGB ZEHQldlA o] Foj g}, JPEGzk &) W32 | o= =g},

- JZk_YUV: JPEGZk F&-Z YUV Z=wQlelA o|Fo]FBTt.  JPEGk & WS o] Bt tt.
Bk Zote] ul2w, dajde]s T £ dwo] el me T dutd e #AA AdEF s B3
A JPEGZkS} o2 pAbstth. HY A Sol M e 3§ FE s
w=E, AA A TAS E g deld nl2 TES 40dB (PSMR) ¢4 E@le] diste] @A High 4:4:4
2Rt} AgE 2o AS(4E)S AT, TAHOR Newl-YCOCE TE New2-YCOIGE YOG 2 RCT-
ONR T} 9kF 8} 11, Newl-RGB ¥+ New3-RGBE RCT-QFFR.T} %iam— 46dB {PSNR) ©]*+2] PSNR A, ®3iF PSNR
o] BFE0 AL 1 5BRT Ak, rixd ddA, o]8k B FALS 45d33 U PNRS|A 256K T} Ho
B E H7gew 4% 5 ),
H~E Axd n2d, EAA7F TP, RT2F o] i A 35 A9, 4 982 3y Avd =& €9
=, Mo] FMoln, HA EFHE FF, RGB EAAAA Y Zde] g0l2 A8y £& v, Azd 322
o|H A HEE o]fs A FAET.

Newl-YCOCG M= New3-YCOCG 2 JPEG-2k_YUVe) 2 E nued, 29 7&2
o] A2 og ZHzx oFEAo|tiE= 2&2 01741 Hack. wd A #go] 3k A

Al a% o, aen
2 399 deHE dwg(EE 9=Y) FIT o] RIS Z& M WEo| gl Aol FL ofelof7} ofd
S gdths B HAALL. gl a LR, Ao e el 4 wes s, 1Al 4 A

2¥o] HE Jusn 65 4 é%% A &3hA

Eis

YCOCCE RCT-ONSh RSt Bl2E #ohe RIZFES off w9 58 $4% Ushi dew. ©%, 9 &
2R 9 1E AREAAE 25 E go] 29 ACE 333 FAAROGE 48 okl vk, 49 A

2 2.5M o Asit.
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<112>

<113>

<114>

<1i5>

<11i6>

<117>

<1i8>

<119>

<120>

<121>

<123>

<124>
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oA, Al TAR = T e nE AEs B ANY WHae wake] HEEn

= 128 PR, 0264 A elE Ause] g Ho]de dHez FEWs 120002 eI
Anlelol A FAG E ouwe] deld] e APsd de waks o EAR
=13
01101]
o

A4

o

%Zﬁ}tﬂ H.264 o} Hiell Aeizs] g sHeol8L Yulzlon FxWE 130002 vebdtk, 44

TAT 2 Eule] duel whE Auad AF Fo/se o|dE AR velitk, HelE300)04, &
b= WH W Frt 8L ojel da% 9 A% A 23 EHol lumal B luma2E 4
=

G2 wiel gol, AET Al 2F ANt B dels VT /& £ZE No.so] TA@GnA 7l B
E}%q.NNPWBE%NNPW%&EEﬂ@EMﬁiéﬂ%ﬂléifUWﬂ (BRI A=

Medt dkeh go], A daA T B ogwe A nEw, vd 7 95 we dal, 349 AF 20
A&7 ME(EE ABAEYE A& AD(HE S RB, 1V, YrCh #W F)o diotd o &t wdh,
= dke go], o] dAldE 2 HAAY Jed e A6, dF S0 Foh 29 duEU o] g5k
Hxof 3/ HE AR =FE 2Hsn, B 4 HES AR A 3HLEA ojdee dA s =27 o
aitt.

f
¥

F—?L-'tiq_l

&
gl
22

o 2

A, & Rl wakel 37 A FY 572 AE(EE ABAE)E o1§3n, Tk 29 FReAEUL
o1gatel el M Qe BEE 2P, A ¥WBE A4 Aol TS, §2 T2 uol KT PN 08
S FEw Az 2% AAd B 4RAT. o 4449 2% wgn 4gan

Al dam A HFE 25(1401)2 2= 1406, 1408 R 14108 =3 TiE 1S 8 Ak, wd, Ale o
A9 A #E E5(140D)2 §He, wEhA E dde] 29 Ao e AFH £ drie FS 25
i},

ALzl Qlamd A WE EE(14018 A4 4 B W FEE A FER, 7l E51408) 202 A E A
s FX Ae BE(1406)2 T, 7F BE(1408)2 dA 94 224 g AE dHolyy A Aba
A2 FYstn, FE AT EE(M4I0LE AoE deent. FE Aot ES(1410)2 EXZ2 FEIT. T
g, F2 Ao BEE2(141002 Hd 2 olmy T2 AA0140000 EIHE FX AT BES(1412)0 2 AoE AE
.

2ol Zv 2E4) 3 F2E Az, 75 BEE(415)0.2 AolE HEd. 7]
Al g5 dete FE 57 E ALSstel g g 259
E£(1420) e = Aolg A, 75 E5(1420)2 A 4
sty K HHE YAet, 7T BE(430)CE AHE AEt. 7w

dE Wig o Gzigetn, 7% EE(435) 0 F AolE AddTt. 7% EE(1435)% 4
g 9ug 2 9 ofAlgely s A2 AHE dygdsla, 7l 25(1445) 02 Aol & AdFrh. 7]

dH AHE 430 7F stel ZEE Y EEL A5t 3, F5 FT BE(1400)C % Ao
Tz BE(1450)2 F2 & 331, FE E5(1455)L R AHE HEdo.

O

l

Y T rlr
T
o
m
®

!

158 #Fxdd, AF gz o A 83 34l e AR vl duy S2dse duFen Fad
9156002 Zh2F vEY

A TEY o A w3 BEE(1660)S EF 1662, 1664, 1566 2 15682 T IETIE HS oded Hr),
Fob, A dad o A wE 250156008 FHelRw, mEp Eowde] R dAde s AR SR gl
= AL A2elA Hrp,

ol
—
o
<
S

ZR A ~(1500) 349 FA
Hi BE(151002 g3, 7% EE(1515)L =29
AdE Agdtl. 75 BE(520)L dzgE HE
Z(1530) 22 Aol Hgwtt. 7% =
ZAR o Zo] sHse] wGW A U

NTE
Jhﬂ
g
=
et
u
(4
]
>
T
3
~
ol
A
pik
o
Hﬁ
2
Jl
]
r
ek
e
!

dl 2 [ﬁ Jl

a4l g o 4 Aol ke %Gﬂ 722 H
ki3 %E(ISBSJOE Aolg dedr. F2 AT
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<125>

<1262

<127>

<128>

<130>

<131i>

<132>

<133>

<134>
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of

E5(1535)2 B2 E Fuetil, 3 E5(1540)0.% Ao F AgaT,
o
Il

Y Al A, F2 AT E50835)E AR g2 o 4 wE 25056600, 53 AR

EEZ(1560)0] X3 = FE AT 2E(1562)0.2 AEF o8 AoZ Agsrt, F= Ao 2156202 94
8 7 250 Wi =& A#n, 7w E5(156402E Ao dgdv. 7T 25015664, A4 494 2
& dAgey. X A

Eo] 902 235 el 9 M ALE HeE P33, FE A BF5(1665)2F A
i BE(1566)L £2E 2230, 22 BE(1568) 22 AE ATE),

&3k w9} o], Advanced 4:4:4 TEFYLS 23 22 EB2dUlprofile ide=166)¢] /A AT}, o] A=
=22 A2 25 JAd o] Fx A3, A2 2F A dHSsE AlWE 2 A" wEE o]F
A Feditk. o] AJER profile_ide™ AlE& FEr|H A2 F7heli, £ svd 52 o|&sly g8 =
g2 4:4:40]3, 37 4E A B5E FrEA fAbeA 2% %te H3E YEbd.

H.264 B30 08 Fxe) WEE 32587 Y5to], A28 fIazB2 ©90L Advanced 4:4:4 T2
ate] AMAIEA geth, Al H.264 52 HolE 7-11, HeolE 7-13 E HolE 7-140] 4A% @8 24y
gt e g4 2E 2 E2ES FYL A5 AT, JED 2559 Foo dEe, 34 947 A
g, Fu, Cr B Cb E5+ H.264 259 HolE 7-1100 A& MbPartPrediodec] 7123t <1z sty o &
€9, Advanced 4:4:4 ZEHY9] Intra_4x4 vZREELE ZE 98 AL AIE H.264 F59 HelE 3-29]
Fo7 9] Fted «F Ee EFE olf¥cEA a9 R Ate AL gtk FanE, 9749
High 4:4:4 Z2age] A Intra_dx4 iZ2ESS 9% Ad 5 2vie Z=2rt=A HFshaL, H.264 £F9]
olg& 8-59 4719 7ted QIED 45 e 3 shuule] o]§8. B R P rlaEEE4] tiste, Advanced
4:4:4 ZESYo) tgte] o] FeolF WEe £7E J4 FA9 e 71E A4 ¢ AE A B 22
ol GAIFTE. o7 A, H264 EFY AA 8.4.22. 14 7] A4 Frt ME 23 ZEAH 2 FR Cr
% Chdll thated HE%vh, A=, A9 High 4414 ZE=AAE 1,264 59 A 8.4.2.2.2¢1 A=rF ¥&
B Z2ALE Q" Ad F oe2dfd distd o) §3%i.

CABACY} EZw 34 REZ N AYys A¢, Frio digtd Az Ao 37 549 A9ALE Hdo] g7
2 I8 MEZF Cr B Chol sl A=Y, %o, 2 AEE ¢lzd 343 ¢ SEY€Her YucEHT).
rlz|gbe g2 o] HA A E FHW B2 RIT EEo] EAekr] ¥ 2=, ResidueColorTransformFlage
Advanced 4:4:4 ZE DY AlFL HGEr(y AEZFEE AT,

A, e AEs WEE E 130 FAE ahe} o] @] HojE oA wAskd, Frio] B 2]

A 7 7HA]
Al A~E ) ekE Advanced 4:4:4 Eiﬁ}%‘Oﬂ Cr % (b8 XY= 23 w28,

il

H.264 ®zaEEE AZ HolE(RA A %27 #IEste, d& gz did AJWE W
Fghgit.

coded_block_pattern {Add). chroma_format_ide?} 3% FL& 2, coded_block_patierne] S=A3 H-$,
CodedBlockPatternChromay 022 AAFY. EF, CodedBlockPatternLumats "lAZEE2] 127] 8x8 Fwr},
Ch 8 Cr 22 Z}7ol] Tlale] (1) 8x8 S0}, 8x8 Ch L 8x8 Or BE U] 127] 4x4 Sr} 229 B E W3 7)
S o] o3} B A F (2) 8%x8 Frk, 8x8 Ch H 8x8 Or 85 U] 4x4 Frl 5 F 3l o] W
F Al dd F o ool ¢ #e) old AR F FUE AA I

oA, Az 2F AAEE 39 AP 27 579 A=EE ABNE) oG] ek ©F LA d)el o
& dEz} BEY g F7 4% wE A9 e 4de,

rir

e

742 MphPartPredode X A2 F1t d& REE 73 oi Mealis 7F AR tiatel 7F 98 AHUL B
2 YEYse F29 2ol ¥R AR AEE EF By H.264 FEH HolE 7-11e F712 £= .
O A3, Ho264 ®50l thetel g2 wiart 471tk A2 2 AA oo w5 AA oA, HAY mb_typesE
AskA g, oE dfdAe] AFdn. o] AAdelA, 3 97 AEL FLYE MbPartPreddode £ A 2E
£ gyoz ¢daygs=s A, usen, A%y N2E FAHLAT ZREE 45 Agad 2715
M AE G5 228 A, 2dE=2 A AR AAds dig 45 e E HAgE0] fato, 4 AEE
A5 o]E5em HY T 95 REE g HEYE ¢tk dE &9, Intradx4 jarEEE
mh_typel 24 MEE TR 71ASA, Frl, Cr B2 Che H.264 52 44 8.3.1.1 W HelE 3294 249
4 dE 2=, A& g9 FrkE AT Intra_4x4 Vertical, Cr& ¥ Intra 4 4 Horizontal 2 ChE AT
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<135>

<1362

<138>

<139>

<140>

<141

<142>

<143>

<144>

<145>

<146

<147>»

<148:»

<149>

<150>

<15i>

<153>

<154>

<155>

<157>

<1358>
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Intra_4><4 Diagonal Down Left& ol &3s 24T + AU},

Holr}, o], UIAREE & AElLd 9l: prev_intradX4_pre_mode_flag, rem_intrad> 4 pred_mode,
pre_intra8x<8_pred_mode_flag ¥ rem_intra®x8_pred_mode®} 72 712 A FAH QLo I3 dA AR
e A AHE o]f§F o2 o|Fojd 5 Qlv}. o] FHAL H.264 Eo T W E A4 dtw, 3F AE
g £=A5 AA s

E Aol Zlzstd, 3/ A5 REE ol&ske] Al =3 A« 98 of 0.2dewtE dA =29 A
Ald = gl

X 168 FEIW, 1.264 WZRES AF Az 1 & A 17006 2 R,
Fug, 37 42 weg olgsy zlz‘}% APH W52 E8E o= Aaal olgje o] GA s,

e Al 2% dAde A E e e A 4y A BEE ARse 54 €F BES FEe
2

off
i)
Qg‘r"

it
%
il
o
<,
Z,
B
]o
[l
e
BN
/

}(ﬂl

prev_intra4 x4 pred_mode_flag) Z rem_intrad x4 pred_mode0t ErlE 93k 3ol 1,
prev_intrad x4 pred_mode_flagl H rem_intrad x4 _pred_model Cr& 3 Aoy

prev_intra4<4_pred_mode_flag? % rem_intra4<4_pred_mode2= Ch3 Yot FHeo|u}.
olAl, A2 &= AAldd didte HAldelA] FAA5 B dge] e ulet 3 AEHe]A dalo] #43d
=l =

Y& JVI/FRExt E|2E AJfAE JVI-J042, Film-Originated Test Sequence, JVI-JO39(Viper)ol| A 3&}sitv}.
HAES BT 4:4:4 10-091E dlAe]n, 7+ 8L 537 Zd ¢S 2=

At FRIEE VT 7l AZEYS] IN9.6elA4 FaAFEL, HPE AZESE HAES o] g,
Intra-Only % IBRrBP & ThE Hl2Edgth, "Br'2 7|59 B s9& vttt Intra-Only 7%= 6, 12,
18, 24, 30, 36 2 4298} A% FAS FrEHIT e Algs Byl tiske] o]Folgktt. AlEdeldol da
g wo AZb wlEe, IBRrBP GOP T&+ 12, 18, 24, 30 2 363 FY3 4RbE gEn e g 9 S
el A uk o] Fol ATk, 4:4:4 AHGH =44 MEH, GE T4 FErHE HaEe o] &arwitt.

SymbolMode = 1

)

.
ofl
e

RDOpt imization = 1
ScalingMatrixPresentFlag = 0
OffsetMatrixPresentFlag = 1
QoffsetMatrixFile = "q_offset.cfg"
AdaptiveRounding = 1

AdaptRndPeriod = 1

1
—

AdaptRndChroma =
AdaptRnd¥FactorX = 8
SearchKange = 64
UseFNE =1

JPEGZkel] ##3}o], KaKadu V2.2.3 S EdE ¥l A ES o854, HAE d3dF= 9/7-9 o|F 2 ¢golr
gl EHZ fo]23 ¢4& A b MRS o)ggte 2y Aot ZHUF 3t sdute] =AU, Fof
7l BEXE&S 2% RD-Optimization= ©]-&3¢ ).

PR 4L ed ZES 93 RGRel As Ed:e] By oA ZeQleld Fz ARES T
(PSNR(red}+PSNR(green)+PSNR(blue)) /3L 24 A2 g H T PSR AA &5 HFHE vluss do o] &g},

45 Hne v o] AT
Newl: 9 o= =7} gle AStE Advanced 4:4:4 Z29Y
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<139>

<160>

<161>

<162>

<163

<164

<165>

<166>

<167>

<168>

<169

<170>

<171»

<172>

<173>

<175
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New3: 371 o|& R=7} e AeHE Advanced 4:4:4 =5y,
RCT-0FF: RCT=off”’} 1= RGE Y 9.
RCT-ON: RCT=on®] L& RGB Y H.

YOOOG: RGB of YOOOG W &L =Y R A w38, gz, MEAd Yi0les VI £AZEd ) dig ¢
Ho X o] &5 g}

RG+B: R, G # B A8 /M dFFown 2AsHE A Uy,

YICOH0G: MEH Y, 0 B (6 AZE ME ST 224 ZAEHEHE A U9,
JPEGZK_RGB: JPEGZk $r=-2 RGB ww|SlolA] =allolAt. JPEGZk A WRL @ L=:H it
JPEGZk_YUV: JPEG2k §F3-2 YUV Z=v)lel A 3183 t). JPEGRk A RHF L& o] L3513 th.

lntraOnly A9l dsiel, B d7o] me A|ed Advanced 4414 E2ade AA §F E89 BHNA
JPRK2KS) W) 9 feAbsirh. BE Al okl B el

& 2 Lele] e HTHE A9 High 4:4:4 ZESARY Y] Fa3jt. 4548 (PSNR) ©]4¢<] PSNR
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oA, B I AAlde falel ot AFHE FE BEEe] 44/5d F YR =
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<176

<177>

<k3»

<hdn

<i15>
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<17>

<18

<i9>

<20

21>

<23>

24>

<25>
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FRTE eoely A2y L rrelaw Gde] ZEE YW % ATk, E BAM AL Thp Ze

2 R 7lse helaw 9ol mesl drg £ AEAANL 2Rags grE e 2 23 % Y

CPUZF AT 2= YUtk wmE, b dlelH AR S % A Fuv gS thed e Fu G3E 2R

SRT AT = Aok

BRe 2ue] ok 74 A PEUE B gy 3 A5e age] axesor Fdas] uel, A

AY PTUE Ty mRAs 7)5 55 49 A 948 £ o] m2ags: 146 v gea 45 3
= Ag oldeA A, £ WA o] 2w, & EEokd FAAE & wne) ol Td Er

TH N GAT TE TE FAE AE S A0

BogAM A E Y REE st oA E AN E slEshAn, £ 93 e 29 g A ee] Bl
WAL, R 7lERoke] BYAHE AW WA EE ARG Holhr] BOwA 2 BuS T we 2 w9y

B m gni Ae oldsbl AT ds £ ue @ wE 2SR AYe ATHAG Aleds ¥ wdo

Wl el ¥RE

wuid Bad 4y

2 2 olsty] dalde =Wl mE v FEotA T == U
E

E 1 ¥ e 44 £5 Qe A9 g ded 3RE deie 2ERed

m oz ¥ 9UE 8% FE YE AN ure Hoy 4HE s 22wt

E 32 @ Aeel e Al 429 A 9d 35l Qb A5 AU 959 Z2ALE YiiE s8E
oI},

T4k ¥ o9Ee] ME AT Oud o 4 48 B2 gk @A He ¥ tay TRASE HEE 35

E 5t @] A MAERD S Bat 2de Ushie 52t

% fa Z éb= B el wE ATV Intra-Onlyd] e B3 PSNR of B|ES9 “de|t},

i

-a

oy
)

2 7hi B f@lel] uhE CT Intra—Onlye] ©igh @4 PSR o] HIE& 4] Edelt}.

i

8a 2 8hE B dg]d) w2 DT Intra-Onlys] g AF PSR W] HE& Y Z=do|t},
92 X Ohe B falel W2 MIRHD Intra-Onlyel ™3t W5F PSNR o BIE&9] =Wt}

b1

il

102 ® 10hE= E 2o o2 RT Intra-Onlye] sk B PSKR W] B E& Y =wolt},

{1

= 11z ® 1ibe ¥ 989 u2 STBHD Intra-Onlyoll tH$ @7 PSNR ™ HIES2] E=de]|t},

E 128 & delo ups 264 A st 2 EAE JEhle HolEolth,
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1200

seq_parameter_set_rbsp{){

H=2¥H

profile_ide

uis)

constraint_set0_flag

uft}

constraint_set]_flag

uf1)

constraint set2 flag

w1

constraint_set3_flag

w1}

reserved_zero_4hits /* equal to 0%/

uid}

level_idc

B

seq_parameter_set_id

o|lo|lolo|jlo)le| oo Mm

uefv)

i profile_ide == 100 || profile_ide == 110 ||
profile_idc == 122 || profile_ide==166 || profile_ide == 188){

chroma_format,_ide

uelv)

bit_depth uma minus8

delyv)

Residual(){

HaIHE

if{ lentropy_coding_mode_flag)

resicual_block = residual_block_cavic

else

residual_block = residual_block_cabac

ifl MoPartPredhdodel mb_tyge, 0) == Intra_16x16}

residual_block( Intra16x160CLevel, 16)

for( iBx8 = 0; i8x8 < 4;iBxB++) /¥ each luma xS black ¥/

if{ Wransform_size_8x8_flag || lentropy_coding_mode_flag)

for( i4x4 = 0;idxd < 4; idxd+){ /* each 4xd subblock of block #/

ift CodedBlockPatternluma & (1 << i8x8 )}

iff MbPartPrecMode( mb_type, 0) == Intra_16x16)

residual_blocki Intra16x16ACLevel i8x8* 4+ i4x4 1, 15)

else

residual_block{ LumaLevel] ix8 * 4 +i4x4], 18]

3|4

else if{ MbPartPredMode{ mb_type, 0)-== Intra_16x16}

forli=0;i< 15;i4+)

intrat6x16ACLevel[iBxB * 4 +i4x4]{i]1=0

else

far(i=0;i<16;H+)

Lumal evel{ igxB %4 +idxd ][i}=0

i lentropy_coding_made_flag &% transform_size_8x8 flag)

for(1=0;i< 16 i+

Lumalevel8xBi8x8 1[4 i+ idxd | =
Lumalevell iBx8 *4 + kg ({1
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eise if{ CodedBlockPatiernLuma & ( 1 << i8x8) }
residual_block{ Lumal.evel8x8[ iBx81,64) 34
clse
for(i=0; < 64: b+ )
Lumalevel8x8figx8[i]=0
iff chroma_format_idc == 1} chroma_format_idc ==2){
NumC8x8 =4/ { SubWidthC * SubHeightC)
forl iCbCr = 0;iCbCr< 2; iChCr++ )
if{ CodedBiockPattemChroma &3) /* chroma DC residual present#/
residual_block{ ChramaDCLevel[ iChC J, 4 Num(8x8 ) 3|4
else
for(i=0;1 <4 * NumC8x8;i++)
ChromaDClevell ICbCrI[i]=0
for{iCbCr=0;iChCr < 2;iChCr++)
for(i8xB=0; 18x8 < MumC8x8; 18x8++)
for(idxd = 0;4x4 < 4; 1w+ )

if{ CodedBlockPatternChroma & 2}
{* chroma AC residual present ¥/
residual_block{ ChremaACLevelf iChCr ][ igxE*4+Hdxd 1,15) 34

else
for(i=0;1< 15 ++)
ChromaACLevel[ iICbCr][i8x8™d+idx4]{i]=0
me if ichroma_format_idc == 3){
if{ MbPartPredMode! mb_type, @) == Intra_16X16) /*Ch for 4:4:4%/
residual_block{ Chintral16x16DCLeved, 16) 3
for( iBx8 = 0; i8x8 < 4; iBxB++ ) /* each Ch 8x8 block */
if{ transform_size_8x8_flag || lentropy_coding_mode_fleg)
for(idnd = 0;idxd < 4; iAxd++ }{ /* cach 4x4 sub-block of block
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1431



e
i,
feeat
&7

ZME51 10-2008-0008552

ifl MbPartPredMode( mb_type, 0) == Intra_léxi6 |
residual_block(Chintral16x16ACLevel])8x8* 4+ [4x4],15) 3
else
residual_block{ Chlevel i8x8* 4 + i4x41, 16) 3|4
else If MbPariPredMode( mb_type, 0) == Intra_16x16)
for{i=0;i < 15 14++)
Chlntral6x16ACLevell iBx8 * 4 + x4 i) =0
else
forli=0;i <16 i+]
Chlevel[i8x8%4 + iax41[11=0
iff lentropy_coding mode. fiag && transform_size_8x8 flag)
forl1=0;} < 16;1++)
ChlevelaxBl iBx8 ][4 %1 +idxd J=
Chlevelligx8* 4 + 44 it

1
elseifl CodedBlockPatternLuma & (1 <<iBx8))
residual_block{ ChLevel3xa{i8x3}, 64) 3j4
plsa
for{1=0;1 < 6d; i++)
ChleveloxaliexB 1111 =0
if{ MbPartPredMode{ mb_type, 0) == Intra_16x16) /*Cr for :4:4 %/
resfdual_klocki Crirtra16x16DCLevel, 16 3
for(i8x8 = 0;18x8 < 4; 1BxB++} / each Cr 8x8 block #/
ift kransform_size_8x8_flag || lentropy_coding_mode_flag)
far idxd = 0; ided < 4; idxd++) { /¥ each 44 sub-block of block

i

ifi CodedBlockPatiernLuma & (1 << i8x8) )
ift MbPartPredMode{ mb_type,G) == Intra_16x16 )
residual_block{Crintra16x16ACLevel[iBx8*4-+4xd],15) 3
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3[4

efse ifl MbPartPredMode{ mb_type, 0} == Intra_16x16)

for{1=0;i< 15;1++)

Cilntral6x16ACLevel[ i8x8* 4 +idwd [ 11=0

else

for{i=0;i < 16;i4+)

Crlevelligng* 4 +idxd1[11=0

iff lentropy_coding_mode_flag && transform_size_8x8_flag)

for(i=0;i < 16;14)

Crievel8x8] B8 471+ idwd | =
Crlevell i8x8* 4 +i4x4 ][ 1]

1

else ifl CodedBlockPatternLuma & {1 << i8x8))

residual_block{ CrLevelx8] i8x8 ], 64

3j4

glse

for(i=0;i < 64; i)

Crlevel8x8[isxa1{i]=0
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1600

mb_pred( mb_type }{ C | Descriptor
if MoPariPredMode( mb_type, 0) == Intra_4x4 ||
MbPartPredode( mb_type, 0) == Intra_8x8 ||
MbPartPredMode( mb_type, 0) == Intra_16x16){
if (profile_idc 1= 166){
ift MbPartPredMode( mb_type, 0} == Intra_4x4)
forl lumadx4BIkidx=C; lumadxdBikddx<14; lumadx4Bikidx+4+ ] {

prev_intradx4_pred_mode._flagl lumadx4Blkidx ] 2 | uf1) ] aelv)
ift Jorev_intradxd_pred_mode_flag tumadx4Blkidx 1)
rem_intradxd_pred model lumadxaBlkidy | 2 | ui3}| aefv)

}
ifl MbPartPredMode( mb_type, 0} == Intra_8x8)
for{ lumagxB8lkdx=0; luma8xBBIkidx<4; lumaBxaBidd+ } {

prev_intra8x8_pred_mode_flag| lumaBx8Blkich | 2 | 1)l
iff Yprev_intraBx8_pred_mode_flagl luma8xBlkidx ]}
rem_intra@x8_pred_modef jumagx8Blkidx ] 2 | ul3)jaef)
}
if( chroma_format_idc != Q)
intra_chroma_pred_mode 2 | ulv) jaelv}

Jelsa{
ift MbPartFredModel mb_typs, 0) == intra_4xé)
forl lumadx4BIkidx=0; lumadxaBliddx<16; lumadx4Blkldxt+) {

prev_intradxd_pred_mode,_flag0fumadx4Blkids ] 2 Lu(t)] aelv)
if{ \prev_intradx4_pred_mode_flagQ lumadxzBlkid ] )
rem_inira4x4_pred_modeDlumadx4Blkidy ) 2 | ui3)|zelv)
prev_intra4x4_pred_mode_flagilumadx4Bikldx ] 2 L1,1'{1)] ae(v]
— 33 —
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iff torev_intradxd_pred_mode_flagT lumedxaBliddx] )

rem_intradxd_pred_made?flumadx4Blkidy |

u(3}] sefv)

prev_intrad4_pred_mode_flag2iluma4x4Blklox ]

ullt| ael)

If} iprev._intradx4_pred_mode_flagZ lumadx4Bliids1)

rem_iniradx4_pred_modedJumedx4Blkidx 1

3} aelv)

]

i MbPariPredMode{ mb:_type, 0} == intra 8x8)

for{ limaBx8Blkidx=0; luma8x8Blkidx<4; luma8x8BIKlcx++ ) {

prev_indrasx8_pred_mode_flag0iuma8x8Blkidx ]

uli}| aelv)

if{ prev_intrza8x8_pred_mode_flag0{ luma8x8Blkddx 1)

tem_imra8x8_pred_modedlumaBx8Blkidx |

ui3) | aelv)

prev_intra8x8_pred_mode flagl lumaBx8Biikddx ]

u{i)| aetv)

ift Iprev_intra8x8_pred_moce_flag][ luma8x8Blkldx])

tem_intradx8_pred_mode?lumagx8Biklcx ]

ui3) | aely)

prev_intra8x8_pred_mede flag?fumaBxshlkidx !

u(1){ aefv)

if{ Iprev_intra8x8_pred_mode_flaga[ lumasx8Blkdx ] )

rem_jintra8x8_pred_moda2lumagxgBlkicx 1

uf3) |aelv]

}

Jelse if{ MbPartPredModal mb_type,0) 1= Direct){
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Filed: February 10, 2012

For: METHODS AND APPARATUS FOR
IMPROVED INTRA CHROMA ENCODING | Group Art: 2483
AND DECODING

AMENDMENT UNDER 37 C.F.R. §1.111

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Sir:

Please enter and consider the following amendments and remarks.

Amendments to, and Listing of, the Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 8 of this paper.

1443



CUSTOMER NO.: 24498 Attorney Docket: PU090108
Serial No.: 13/389,872

Office Action dated: April 5, 2018

Response: June 15, 2018

Amendments to. and Listing of, the Claims

This listing of claims will replace all prior versions, and listings, of claims in the

application:

1. (Currently Amended) An apparatus, comprising:

an encoder for encoding picture data for at least a block in a picture, wherein multiple
partition types are supported for intra prediction chroma coding of the block, the multiple
partition types including a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a
set of multiple luma partition types, wherein a particular chroma partition type using a single
chroma intra prediction mode for coding the partitioned block is determined from the set of
multiple chroma partition types, independently from a particular luma partition type used to code
the block and the particular luma type being determined from the set of luma partition types, or a
particular chroma partition type using a single chroma intra prediction mode for coding the
partitioned block is determined from the set of chroma partition types in response to a luma
partition type utilized to code the block or the bleels blocks of one or more neighboring blocks,

the luma partition type being included in the set of luma partition types, and wherein intra luma

partition type and chroma partition type are independently coded inside a macroblock on a

macroblock basis, and luma and chroma can have different intra prediction modes.

2. (Currently Amended) In a video encoder, a method, comprising:

encoding picture data for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma coding of the block, the multiple partition types including
a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a set of multiple luma
partition types, wherein a particular chroma partition type using a single chroma intra prediction
mode for coding the partitioned block is determined from the set of multiple chroma partition
types, independently from a particular luma partition type used to code the block and the
particular luma type being determined from the set of luma partition types, or a particular chroma
partition type using a single chroma intra prediction mode for coding the partitioned block is

determined from the set of chroma partition types in response to a luma partition type utilized to
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code the block or the bleek>s blocks of one or more neighboring blocks, the luma partition type

being included in the set of luma partition types, and wherein intra luma partition type and

chroma partition type are independently coded inside a macroblock on a macroblock basis, and

luma and chroma can have different intra prediction modes.

3. (Previously Presented) The method of claim 2, wherein a particular chroma partition
type for coding the block is determined from the set of chroma partition types responsive to a
luma partition type utilized to code the block or one or more neighboring blocks, the luma

partition type being included in the set of luma partition types.

4. (Original) The method of claim 3, wherein for the particular chroma partition type, a
largest-size available transform matching the particular chroma partition type is selected from a

set of transforms.

5. (Previously Presented) The method of claim 3, wherein from among a particular luma
partition type and a particular chroma partition type selected to code the block only the particular
luma partition type is signaled, the particular luma partition type being selected from the set of
luma partition types and the particular chroma partition type being selected from the set of

chroma partition types.

6. (Previously Presented) The method of claim 5, wherein the particular luma partition

type is absolutely coded or differentially coded from one or more neighboring blocks.

7. (Previously Presented) The method of claim 2, wherein a particular chroma partition
type used to code the block is determined independently from a particular luma partition type
used to code the block, the particular chroma partition type being determined from the set of
chroma partition types and the particular luma partition type being determined from the set of

luma partition types.
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8. (Previously Presented) The method of claim 7, wherein the particular chroma partition

type and the particular luma partition types are both signaled.

9. (Previously Presented) The method of claim 8, wherein the particular luma partition
type and the particular chroma partition type are absolutely coded or differentially coded from

one or more neighboring blocks.

10. (Previously Presented) The method of claim 8, wherein the particular chroma

partition type is differentially coded from the particular luma partition type.

11. (Original) The method of claim 2, wherein a chroma entropy coding engine used to

code the block is different from a luma entropy coding engine used to code the block.

12. (Currently Amended) An apparatus, comprising:

a decoder for decoding picture data for at least a block in a picture, wherein multiple
partition types are supported for intra prediction chroma decoding of the block, the multiple
partition types including a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a
set of multiple luma partition types, wherein a particular chroma partition type using a single
chroma intra prediction mode for coding the partitioned block is determined from the set of
multiple chroma partition types, independently from a particular luma partition type used to code
the block and the particular luma type being determined from the set of luma partition types, or a
particular chroma partition type using a single chroma intra prediction mode for coding the
partitioned block is determined from the set of chroma partition types in response to a luma

partition type utilized to code the block or the bleels blocks of one or more neighboring blocks,

the luma partition type being included in the set of luma partition types, and wherein intra luma

partition type and chroma partition type are independently coded inside a macroblock on a

macroblock basis, and luma and chroma can have different intra prediction modes.

13. (Currently Amended) In a video decoder, a method, comprising:
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decoding picture data for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma decoding of the block, the multiple partition types
including a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a set of multiple
luma partition types, wherein a particular chroma partition type using a single chroma intra
prediction mode for coding the partitioned block is determined from the set of multiple chroma
partition types, independently from a particular luma partition type used to code the block and
the particular luma type being determined from the set of luma partition types, or a particular
chroma partition type using a single chroma intra prediction mode for coding the partitioned
block is determined from the set of chroma partition types in response to a luma partition type
utilized to code the block or the bleek’s blocks of one or more neighboring blocks, the luma

partition type being included in the set of luma partition types, and wherein intra luma partition

type and chroma partition type are independently coded inside a macroblock on a macroblock

basis, and luma and chroma can have different intra prediction modes.

14. (Previously Presented) The method of claim 13, wherein a particular chroma
partition type for decoding the block is determined from the set of chroma partition types
responsive to a luma partition type utilized to decode the block or one or more neighboring

blocks, the luma partition type being included in the set of luma partition types.

15. (Original) The method of claim 14, wherein for the particular chroma partition type,
a largest-size available transform matching the particular chroma partition type is selected from a

set of transforms.

16. (Previously Presented) The method of claim 14, wherein from among a particular
luma partition type and a particular chroma partition type selected to code the block only
information indicating the particular luma partition type is received from a corresponding
encoder for use in decoding the block, the particular luma partition type being selected from the
set of luma partition types and the particular chroma partition type being selected from the set of

chroma partition types.
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17. (Previously Presented) The method of claim 16, wherein the particular luma partition

type is absolutely decoded or differentially decoded from one or more neighboring blocks.

18. (Previously Presented) The method of claim 13, wherein a particular chroma
partition type used to code the block is determined independently from a particular luma partition
type used to code the block, the particular chroma partition type being determined from the set of
chroma partition types and the particular luma partition type being determined from the set of

luma partition types.

19. (Previously Presented) The method of claim 18, wherein information indicating both
the particular chroma partition type and the particular luma partition types is received from a

corresponding encoder for use in decoding the block.

20. (Previously Presented) The method of claim 19, wherein the particular luma partition
type and the particular chroma partition type are absolutely decoded or differentially decoded

from one or more neighboring blocks.

21. (Previously Presented) The method of claim 19, wherein the particular chroma

partition type is differentially decoded from the particular luma partition type.

22. (Original) The method of claim 13, wherein a chroma entropy decoding engine used

to decode the block is different from a luma entropy decoding engine used to decode the block.

23. (Currently Amended) A non-transitory computer-readable storage media having
video signal data encoded thereupon, comprising:

picture data encoded for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma coding of the block, the multiple partition types including
a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a set of multiple luma
partition types, wherein a particular chroma partition type using a single chroma intra prediction

mode for coding the partitioned block is determined from the set of multiple chroma partition
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types, independently from a particular luma partition type used to code the block and the
particular luma type being determined from the set of luma partition types, or a particular chroma
partition type using a single chroma intra prediction mode for coding the partitioned block is
determined from the set of chroma partition types in response to a luma partition type utilized to
code the block or the bleek>s blocks of one or more neighboring blocks, the luma partition type

being included in the set of luma partition types, and wherein intra luma partition type and

chroma partition type are independently coded inside a macroblock on a macroblock basis, and

luma and chroma can have different intra prediction modes.
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REMARKS

This communication is being submitted in response to the Office Action mailed April 5,
2018, for which a shortened statutory period of three months ending July 5, 2018 was set. The
Office Action has been reviewed and carefully considered. The claims have been amended. No
new matter has been added. Reconsideration of the prior rejections in light of the timely filing of
the instant remarks and amendments is respectfully requested. Please charge any necessary fees to
deposit account 07-0832.

Claims 1-23 are pending.

Objection to Claims 1, 2, 12, 13, and 23

The Examiner has objected to a typographical error in Claims 1, 2, 12, 13 and 23. Applicant
has amended these claims to recite, “in response to a luma partition type utilized to code the block

or the bleeks blocks of one or more neighboring blocks”.

Rejection of Claims 1-23 under 35 U.S.C. §103
Claims 1-23 are rejected under 35 U.S.C. §103(a) as being unpatentable over Wang (US
2007/0121728 al) in view of U.S. Pat. App. Pub. No 2008/0219350 to Guo (hereinafter “Guo”).

The independent claims currently pending are Claims 1, 2, 12, 13, and 23. These claims
have been amended.

Amended Claim 1 recites, inter alia, “an encoder for encoding picture data for at least a
block in a picture, wherein multiple partition types are supported for intra prediction chroma
coding of the block, the multiple partition types including a set of multiple chroma partition
types of sizes 16x16, 8x8, 4x4 and a set of multiple luma partition types, wherein a particular
chroma partition type using a single chroma intra prediction mode for coding the partitioned
block is determined from the set of multiple chroma partition types, independently from a
particular luma partition type used to code the block and the particular luma type being
determined from the set of luma partition types, or a particular chroma partition type using a
single chroma intra prediction mode for coding the partitioned block is determined from the set
of chroma partition types in response to a luma partition type utilized to code the block or the

blocks of one or more neighboring blocks, the luma partition type being included in the set of
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luma partition types, and wherein intra luma partition type and chroma partition type are
independently coded inside a macroblock on a macroblock basis, and luma and chroma can have
different intra prediction modes.”

Claims 2, 12, 13 and 23 have been similarly amended.

Wang discloses a method of optimizing decoding of MPEG4 compliant coded
signals. The method disables processing for non-main profile sections, performs
reference frame padding and adaptive motion compensation. The method further
performs fast inverse DCT, but not on areas based on whether a 4x4 block may be all
zero or only the DC transform coefficient is non-zero, and including CAVLC encoding of
residual data. The reference frame padding comprises compensating for motion vectors
extending beyond a reference frame by adding to at least the length and width of the
reference frame. Adaptive motion compensation includes original blocks size
compensation processing for chroma up to block sizes of 16x16.

The Examiner cites Wang as disclosing several aspects of the independent claims,
such as multiple partition types for intra chroma coding of the block. The Examiner
concedes that Wang does not disclose using a single intra prediction mode for coding the
partitioned block.

Applicant respectfully submits that Wang neither teaches nor suggests, “wherein a
particular chroma partition type using a single chroma intra prediction mode for decoding
the partitioned block is determined from the set of multiple chroma partition types,
independently from a particular luma partition type used to code the block and the
particular luma type being determined from the set of luma partition types, or a particular
chroma partition type using a single chroma intra prediction mode for coding the
partitioned block is determined from the set of chroma partition types in response to a
luma partition type utilized to code the block or the blocks of one or more neighboring
blocks, the luma partition type being included in the set of luma partition types, and
wherein intra luma partition type and chroma partition type are independently coded
inside a macroblock on a macroblock basis, and luma and chroma can have different intra

prediction modes” as in amended Claims 12 and 13.
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Guo also does not disclose these features. Figure 1 of Guo shows “luma mode decision”
and “chroma mode decision” but does not disclose “multiple partition types including a set of
multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a set of multiple luma partition
types, wherein a particular chroma partition type using a single chroma intra prediction mode for
coding the partitioned block is determined from the set of multiple chroma partition types,
independently from a particular luma partition type used to code the block and the particular
luma type being determined from the set of luma partition types, or a particular chroma partition
type using a single chroma intra prediction mode for coding the partitioned block is determined
from the set of chroma partition types in response to a luma partition type utilized to code the
block or the blocks of one or more neighboring blocks, the luma partition type being included in
the set of luma partition types, and wherein intra luma partition type and chroma partition type
are independently coded inside a macroblock on a macroblock basis, and luma and chroma can
have different intra prediction modes.” So, Applicant respectfully submits that Guo also does
not disclose this additional feature.

Applicant again respectfully submits that the amended features of the independent claims
are neither taught nor suggested by any combination of Wang and Guo.

Reconsideration of the rejections is respectfully requested.

For at least the same reasons, the dependent claims are also respectfully submitted to be
non-obvious over any combination of Wang and Guo.

In view of the foregoing, and the timely filing of the instant remarks and amendments,
Applicants respectfully request that the rejections of the claims set forth in the Office Action of
April 5, 2018 be withdrawn, that the pending claims be allowed, and that the case proceed to early
issuance of Letters Patent in due course.

It is believed that no fees are currently due. However, in the event that any fees or
charges are required at this time in connection with the application, they may be charged to

applicants' Deposit Account No. 07-0832.

Respectfully submitted,
By: /Ronald Kolczynski/

10
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Ronald Kolczynski, Attorney for Applicants
Registration No.: 57,177

Thomson Licensing LLC
Patent Operations

4 Research Way, 3" Floor
Princeton, NJ 08540
(609) 734-6870

Dated: June 15, 2018
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DETAILED ACTION

1. This Office Action is a response to an application filed on 063/15/2018, in which

claims 1-23 are pending and ready for examination.

Notice of Pre-AlA or AlA Status

2. The present application is being examined under the pre-AlA first to invent

provisions.

Response to Arguments

3. Applicant's arguments with respect to claims 1, 2, 12, 13, and 23 have been
considered but are not persuasive.

In regards to claims 1, 2, 12, 13, and 23 applicant argues that: The combination
of Wand and Guo does not disclose the limitation of “wherein a particular chroma
partition type using a single chroma intra prediction mode for coding the partitioned
block is determined from the set of multiple chroma partition types, independently from
a particular luma partition type used to code the block and the particular luma type
being determined from the set of luma partition types, or a particular chroma partition
type using a single chroma intra prediction mode for coding the partitioned block is
determined from the set of chroma partition types in response to a luma partition type

utilized to code the block or the block’s one or more neighboring blocks, the luma
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partition type being included in the set of luma partition types, and wherein inlra

iumng partition type and chroma partiion type are independently coded inside a
macroblock on g macroblock basis, and luma and chroma can have different inlrg
pradiction modes” as recited by claims 1, 2, 12, 13, and 23.

4. However, examiner respectfully disagrees. Examiner believes that the mentioned
limitation has been disclosed by the combination of Wang and Guo. Please see the
rejection bellow for more information.

5. Claims 1-23 remain rejected since the system disclosed by the applicant is

taught by the prior arts.

Claim Rejections - 35 USC § 103

The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

6. Claims 1-23 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable

over Wang (US 2007/0121728 A1) in view of Guo (US 2008/0219350 A1).

7. Regarding claim 1, Wang discloses: An apparatus, comprising:
an encoder for encoding (see paragraph 87) picture data for at least a block in a

picture (see paragraph 56 and 87), wherein multiple partition types (see paragraph
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11, partitions can have 7 different sizes, and paragraph 77, chroma block sizes up
to 16x16) are supported for intra prediction chroma coding of the block (see paragraph
211, bit-stream of intra coded macroblock has chroma prediction mode
information), the multiple partition types including a set of multiple chroma partition
types (see paragraph 13, i.e. two chroma samples of size 8x8) of size 16x16, 8x8,
4x4 (see paragraph 11, partitions can have 7 different sizes, paragraph 77, chroma
block sizes up to 16x16, and paragraph 13, size and number of chroma blocks
varies in different formats) and a set of multiple luma partition types (see paragraph
13), wherein a particular chroma partition type is determined from the set of multiple
chroma partition types (see paragraph 11, partitions can have 7 different sizes,
paragraph 77, chroma block sizes up to 16x16), independently from a particular luma
partition type used to code the block (see paragraph 77 and claim 16, original block
size compensation processing is performed for chroma blocks up to block sizes
of 16x16, and paragraph 13, size and number of chroma blocks varies in different
formats. As one can see, the size and number of the chroma blocks are
determined using block size compensation processing, which is not dependent
on the luma blocks) and the particular luma type being determined from the set of
luma partition types (see paragraph 17, 8x8 or 4x4 luma prediction), or a particular
chroma partition type is determined from the set of chroma partition types (see
paragraph 11, partitions can have 7 different sizes, paragraph 77, chroma block
sizes up to 16x16) in response to a luma partition type utilized to code the block or the
blocks of one or more neighboring blocks (see paragraph 125, real chroma blocks

should be half of luma block), the luma partition type being included in the set
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of luma partition types (see paragraph 17, 8x8 or 4x4 luma prediction), and luma and
chroma can have different intra prediction modes (see paragraph 1516 and
paragraph 221, biistream of intra coded macroblock has luma prediction mode
and chroma prediction mode).

Wang does not explicitly disclose: using a single chroma intra prediction mode
for coding the partitioned block, arnd

wherein intrg luma pariition type and chroma partition type are independently
coded inside a macroblock on a macroblock basis.

However, Guo from the same or similar endeavor discloses: using a
single chroma intra prediction mode for coding the partitioned block (see Guo, Fig. 1
and paragraph 30 and 34, obtaining best predicted mode, texture coding using
best chroma predicted mode),

and wherein nira luma pariiion typs and chroma parliion type arg independently
coded inside a macroblock on g macroblock basis {(see Guo, paragraph 303

It would have been obvious to the person of ordinary skill in the art at the time of
the invention to use “a single chroma intra prediction mode for coding the partitioned
block, and wheren inlra luma parition type and chroma partition typs are independently
coded inside a macroblock on a macroblock basis” as taught by Guo in the encoder
taught by Wang to reduce calculations on obtaining predicted modes and to improve
coding efficiencies, where a low-cost hardware is practiced with a high efficiency, a high

picture quality and a low power consumption (see Guo, paragraph 6).
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8. Regarding claim 2, claim 2 is drawn to a method having limitations similar to the
apparatus claimed in claim 1 treated in the above rejections. Therefore, method claim 2
correspond to apparatus claim 1 and is rejected for the same reasons of anticipation as

used above.

9. Regarding claim 3, the combination of Guo and Wang discloses: The method of
claim 2, wherein a particular chroma partition type for coding the block is determined
from the set of chroma partition types responsive to a luma partition type utilized to code
the block or one or more neighboring blocks, the luma partition type being included in
the set of luma partition types (see Guo, Fig. 1 and paragraph 40-41, referring to Fig.
1, chroma mode is selected based on the Luma mode and as mentioned in

paragraph 40, luma mode is selected by searching the neighboring blocks).

10. Regarding claim 4, the combination of Guo and Wang discloses: The method of
claim 3, wherein for the particular chroma partition type, a largest-size available
transform matching the particular chroma partition type is selected from a set of
transforms (see Guo, paragraph 2, 41 and 43, a Hadamard transformation is
performed [41] on the macroblocks and the macroblocks are divided into 4x4
blocks. The chroma blocks are selected 4x4 as well. According to the
specification of this application, Hadamard transformation is used to determine

the transform size).
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11.  Regarding claim 5, the combination of Guo and Wang discloses: The method of
claim 3, wherein from among a particular luma partition type and a particular chroma
partition type selected to code the block only the particular luma partition type is
signaled (see Guo, paragraph 41, only luma blocks are used to obtain the best
prediction mode), the particular luma partition type being selected from the set of luma
partition types and the particular chroma partition type being selected from the set of
chroma partition types (see Wang, paragraph 14 and 54, selecting color format.
Also see paragraph 11, partitions can have 7 different sizes, and paragraph 77,

chroma block sizes up to 16x16).

12. Regarding claim 6, the combination of Guo and Wang discloses: The method of
claim 5, wherein the particular luma partition type is absolutely coded or differentially

coded from one or more neighboring blocks (see Gou, paragraph 41).

13. Regarding claim 7, the combination of Guo and Wang discloses: The method of
claim 2, wherein a particular chroma partition type used to code the block is determined
independently from a particular luma partition type used to code the block (see Wang,
paragraph 77 and claim 6, original block size compensation processing for
chroma up to block sizes of 16x16), the particular chroma partition type being
determined from the set of chroma partition types and the particular luma partition type

being determined from the set of luma partition types (see Guo, paragraph 43).
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14.  Regarding claim 8, the combination of Guo and Wang discloses: The method of
claim 7, wherein the particular chroma partition type and the particular luma partition
types are both signaled (see Wang, paragraph 211, bit-stream of intra coded
macroblock has the following information: macroblock type, luma prediction

mode, chroma prediction mode).

15. Regarding claim 9, the combination of Guo and Wang discloses: The method of
claim 8, wherein the particular luma partition type and the particular chroma partition
type are absolutely coded or differentially coded from one or more neighboring blocks

(see Gou, paragraph 37).

16. Regarding claim 10, the combination of Guo and Wang discloses: The method
of claim 8, wherein the particular chroma partition type is differentially coded from the

particular luma partition type (see Guo, Fig. 1).

17.  Regarding claim 11, the combination of Guo and Wang discloses: The method
of claim 2, wherein a chroma entropy coding engine used to code the block is different
from a luma entropy ceding engine used to code the block (see Guo, paragraph 2,

coding system has a luma coding and a chroma coding).

18. Regarding claim 12, claim 12 is drawn to an apparatus having limitations similar

to the method claimed in claim 2 treated in the above rejections. Therefore, method

claims 12 correspond to apparatus and method claim 2 and are rejected for the same
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reasons of anticipation as used above. Furthermore, Wang discloses a decoder (see

Wang, paragraph 87).

19. Regarding claim 13, claim 13 is drawn to a method having limitations similar to
the apparatus claimed in claim 1 treated in the above rejections. Therefore, method
claim 13 correspond to apparatus claim 1 and is rejected for the same reasons of
anticipation as used above. Furthermore, Wang discloses a decoder (see Wang,

paragraph 87).

20. Regarding claims 14 and 15, claims 14 and15 are drawn to a method having
limitations similar to the method claimed in claims 3 and 4 treated in the above
rejections. Therefore, method claims 14 and 15 correspond to apparatus and method

claims 3 and 4 and are rejected for the same reasons of anticipation as used above.

21. Regarding claim 16, the combination of Guo and Wang discloses: The method
of claim 14, wherein from among a particular luma partition type and a particular chroma
partition type selected to code the block only information indicating the particular luma
partition type is received from a corresponding encoder for use in decoding the block
(see Guo, paragraph 41, only luma blocks are used to obtain the best prediction
mode, also see Wang, paragraph 129), the particular luma partition type being
selected from the set of luma partition types and the particular chroma partition type

being selected from the set of chroma partition types (see Wang, paragraph 14 and
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54, selecting color format. Also see paragraph 11, partitions can have 7 different

sizes, and paragraph 77, chroma block sizes up to 16x16).

22. Regarding claims 17 and 18, claims 17 and 18 are drawn to a method having
limitations similar to the method claimed in claims 6 and 7 treated in the above
rejections. Therefore, method claims 17 and 18 correspond to apparatus and method

claims 6 and 7 and are rejected for the same reasons of anticipation as used above.

23. Regarding claim 19, the combination of Guo and Wang discloses: The method
of claim 18, wherein information indicating both the particular chroma partition type and
the particular luma partition types is received from a corresponding encoder for use in

decoding the block (see Wang, paragraph 129).

24. Regarding claims 20-22, claims 20-22 are drawn to a method having limitations
similar to the method claimed in claims 9-11 treated in the above rejections. Therefore,
method claims 20-22 correspond to apparatus and method claims 9-11 and are rejected

for the same reasons of anticipation as used above.

25. Regarding claim 23, claim 23 is drawn to a computer readable storage medium
having limitations similar to the apparatus claimed in claim 1 treated in the above
rejections. Therefore, computer readable storage medium claim 23 corresponds to

apparatus claim 1 and is rejected for the same reasons of anticipation as used above.
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Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MARYAM A NASRI whose telephone number is
(5671)270-7158. The examiner can normally be reached on 10:00-8:00 M-T.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Joseph Ustaris can be reached on 5712727383. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/MARYAM A NASRI/
Examiner, Art Unit 2483
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CUSTOMER NO.: 24498 Attorney Docket: PU090108
Serial No.: 13/389,872

Office Action dated: July 25,2018

Response: October 24, 2018 with Request for Continued Examination

REMARKS
This communication is being submitted in response to the Final Office Action mailed July
25, 2018, for which a shortened statutory period of three months ending October 25, 2018 was set.
The Office Action has been reviewed and carefully considered. A Request for Continued
Examination under 37 CF.R. 1.114 is submitted herein. Reconsideration of the prior rejections in
light of the timely filing of the instant remarks, and the filing of an RCE is respectfully requested.
Please charge any necessary fees to deposit account 60-2390.

Claims 1-23 are pending.

Rejection of Claims 1-23 under 35 U.S.C. §103

Claims 1-23 are rejected under 35 U.S.C. §103(a) as being unpatentable over Wang (US
2007/0121728 al) in view of U.S. Pat. App. Pub. No 2008/0219350 to Guo (hereinafter “Guo”).

The independent claims currently pending are Claims 1, 2, 12, 13, and 23.

Pending Claim 1 recites, inter alia, “an encoder for encoding picture data for at least a
block in a picture, wherein multiple partition types are supported for intra prediction chroma
coding of the block, the multiple partition types including a set of multiple chroma partition
types of sizes 16x16, 8x8, 4x4 and a set of multiple luma partition types, wherein a particular
chroma partition type using a single chroma intra prediction mode for coding the partitioned
block is determined from the set of multiple chroma partition types, independently from a
particular luma partition type used to code the block and the particular luma type being
determined from the set of luma partition types, or a particular chroma partition type using a
single chroma intra prediction mode for coding the partitioned block is determined from the set
of chroma partition types in response to a luma partition type utilized to code the block or the
blocks of one or more neighboring blocks, the luma partition type being included in the set of
luma partition types, and wherein intra luma partition type and chroma partition type are
independently coded inside a macroblock on a macroblock basis, and luma and chroma can have
different intra prediction modes.”

Claims 2, 12, 13 and 23 have similar features.

Wang discloses a method of optimizing decoding of MPEG4 compliant coded signals.

The method disables processing for non-main profile sections, performs reference frame padding
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and adaptive motion compensation. The method further performs fast inverse DCT, but not on
areas based on whether a 4x4 block may be all zero or only the DC transform coefficient is non-
zero, and including CAVLC encoding of residual data. The reference frame padding comprises
compensating for motion vectors extending beyond a reference frame by adding to at least the
length and width of the reference frame. Adaptive motion compensation includes original blocks
size compensation processing for chroma up to block sizes of 16x16.

The Examiner cites Wang as disclosing several aspects of the independent claims, such as
multiple partition types for intra chroma coding of the block. The Examiner concedes that
Wang does not disclose using a single intra prediction mode for coding the partitioned block or
intra luma partition type and chroma partition type are independently coded inside a macroblock
on a macroblock basis.

Applicant respectfully submits that Wang neither teaches nor suggests, “wherein a
particular chroma partition type using a single chroma intra prediction mode for decoding the
partitioned block is determined from the set of multiple chroma partition types, independently
from a particular luma partition type used to code the block and the particular luma type being
determined from the set of luma partition types, or a particular chroma partition type using a
single chroma intra prediction mode for coding the partitioned block is determined from the set
of chroma partition types in response to a luma partition type utilized to code the block or the
blocks of one or more neighboring blocks, the luma partition type being included in the set of
luma partition types, and wherein intra luma partition type and chroma partition type are
independently coded inside a macroblock on a macroblock basis, and luma and chroma can have
different intra prediction modes” as in pending Claims 12 and 13.

The Examiner then uses Guo as allegedly disclosing “using a single chroma intra
prediction mode for coding the partitioned block; and wherein intra luma partition type and
chroma partition type are independently coded inside a macroblock on a macroblock basis.”

However, Applicant respectfully submits that Guo does not disclose these features.
Figure 1 of Guo shows “luma mode decision” and “chroma mode decision” but Applicant
respectfully submits that Guo does not disclose “wherein intra luma partition type and chroma
partition type are independently coded inside a macroblock on a macroblock basis” because Guo

only considers chroma macroblocks.
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For example, paragraph [0030] of Guo, cited by the Examiner, states “luma mode
decisions [12] are processed to intra 4x4 macroblocks and intra 16x16 macroblocks and a
chroma mode decision [13] is processed to chroma macroblocks.” So, chroma partition type is
neither described nor coded in the arrangement of Guo because Guo only considers chroma
macroblocks.

Guo also does not disclosed coding of an intra luma partition type. As cited above,
paragraph [0030] considers two block sizes, 4x4 and 16x16, for luma. There is no coding of
partition type, either for luma or for chroma, in the system of Guo.

Therefore, Guo, either alone or in combination with Wang, does not disclose “multiple
partition types including a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a
set of multiple luma partition types, wherein a particular chroma partition type using a single
chroma intra prediction mode for coding the partitioned block is determined from the set of
multiple chroma partition types, independently from a particular luma partition type used to code
the block and the particular luma type being determined from the set of luma partition types, or a
particular chroma partition type using a single chroma intra prediction mode for coding the
partitioned block is determined from the set of chroma partition types in response to a luma
partition type utilized to code the block or the blocks of one or more neighboring blocks, the
luma partition type being included in the set of luma partition types, and wherein intra luma
partition type and chroma partition type are independently coded inside a macroblock on a
macroblock basis, and luma and chroma can have different intra prediction modes.” So,
Applicant respectfully submits that Guo also does not disclose this additional feature.

Applicant again respectfully submits that the amended features of the independent claims
are neither taught nor suggested by any combination of Wang and Guo.

Reconsideration of the rejections is respectfully requested.

For at least the same reasons, the dependent claims are also respectfully submitted to be
non-obvious over any combination of Wang and Guo.

In view of the foregoing, and the timely filing of the instant remarks, and the filing of a
Request for Continued Examination, Applicants respectfully request that the rejections of the claims
set forth in the Office Action of July 25, 2018 be withdrawn, that the pending claims be allowed,

and that the case proceed to early issuance of Letters Patent in due course.

10
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It is believed that a fee for filing of a Request for Continued Examination under 37 CFR
1.114 1s currently due. However, in the event that any fees or charges are required at this time in
connection with the application, they may be charged to applicants' Deposit Account No. 60-

2390.

Respectfully submitted,
By: /Ronald Kolczynski/

Ronald Kolczynski, Attorney for Applicants
Registration No.: 57,177

InterDigital

Patent Operations

4 Research Way, 3™ Floor
Princeton, NJ 08540
(609) 436-5071

Dated: October 24, 2018

11
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Amendments to, and Listing of, the Claims

This listing of claims will replace all prior versions, and listings, of claims in the

application:

1. (Previously Presented) An apparatus, comprising:

an encoder for encoding picture data for at least a block in a picture, wherein multiple
partition types are supported for intra prediction chroma coding of the block, the multiple
partition types including a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a
set of multiple luma partition types, wherein a particular chroma partition type using a single
chroma intra prediction mode for coding the partitioned block is determined from the set of
multiple chroma partition types, independently from a particular luma partition type used to code
the block and the particular luma type being determined from the set of luma partition types, or a
particular chroma partition type using a single chroma intra prediction mode for coding the
partitioned block is determined from the set of chroma partition types in response to a luma
partition type utilized to code the block or the blocks of one or more neighboring blocks, the
luma partition type being included in the set of luma partition types, and wherein intra luma
partition type and chroma partition type are independently coded inside a macroblock on a

macroblock basis, and luma and chroma can have different intra prediction modes.

2. (Previously Presented) In a video encoder, a method, comprising:

encoding picture data for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma coding of the block, the multiple partition types including
a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a set of multiple luma
partition types, wherein a particular chroma partition type using a single chroma intra prediction
mode for coding the partitioned block is determined from the set of multiple chroma partition
types, independently from a particular luma partition type used to code the block and the
particular luma type being determined from the set of luma partition types, or a particular chroma
partition type using a single chroma intra prediction mode for coding the partitioned block is

determined from the set of chroma partition types in response to a luma partition type utilized to
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code the block or the blocks of one or more neighboring blocks, the luma partition type being
included in the set of luma partition types, and wherein intra luma partition type and chroma
partition type are independently coded inside a macroblock on a macroblock basis, and luma and

chroma can have different intra prediction modes.

3. (Previously Presented) The method of claim 2, wherein a particular chroma partition
type for coding the block is determined from the set of chroma partition types responsive to a
luma partition type utilized to code the block or one or more neighboring blocks, the luma

partition type being included in the set of luma partition types.

4. (Original) The method of claim 3, wherein for the particular chroma partition type, a
largest-size available transform matching the particular chroma partition type is selected from a

set of transforms.

5. (Previously Presented) The method of claim 3, wherein from among a particular luma
partition type and a particular chroma partition type selected to code the block only the particular
luma partition type is signaled, the particular luma partition type being selected from the set of
luma partition types and the particular chroma partition type being selected from the set of

chroma partition types.

6. (Previously Presented) The method of claim 5, wherein the particular luma partition

type is absolutely coded or differentially coded from one or more neighboring blocks.

7. (Previously Presented) The method of claim 2, wherein a particular chroma partition
type used to code the block is determined independently from a particular luma partition type
used to code the block, the particular chroma partition type being determined from the set of
chroma partition types and the particular luma partition type being determined from the set of

luma partition types.
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8. (Previously Presented) The method of claim 7, wherein the particular chroma partition

type and the particular luma partition types are both signaled.

9. (Previously Presented) The method of claim 8, wherein the particular luma partition
type and the particular chroma partition type are absolutely coded or differentially coded from

one or more neighboring blocks.

10. (Previously Presented) The method of claim 8, wherein the particular chroma

partition type is differentially coded from the particular luma partition type.

11. (Original) The method of claim 2, wherein a chroma entropy coding engine used to

code the block is different from a luma entropy coding engine used to code the block.

12. (Previously Presented) An apparatus, comprising:

a decoder for decoding picture data for at least a block in a picture, wherein multiple
partition types are supported for intra prediction chroma decoding of the block, the multiple
partition types including a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a
set of multiple luma partition types, wherein a particular chroma partition type using a single
chroma intra prediction mode for coding the partitioned block is determined from the set of
multiple chroma partition types, independently from a particular luma partition type used to code
the block and the particular luma type being determined from the set of luma partition types, or a
particular chroma partition type using a single chroma intra prediction mode for coding the
partitioned block is determined from the set of chroma partition types in response to a luma
partition type utilized to code the block or the blocks of one or more neighboring blocks, the
luma partition type being included in the set of luma partition types, and wherein intra luma
partition type and chroma partition type are independently coded inside a macroblock on a

macroblock basis, and luma and chroma can have different intra prediction modes.

13. (Previously Presented) In a video decoder, a method, comprising:
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decoding picture data for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma decoding of the block, the multiple partition types
including a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a set of multiple
luma partition types, wherein a particular chroma partition type using a single chroma intra
prediction mode for coding the partitioned block is determined from the set of multiple chroma
partition types, independently from a particular luma partition type used to code the block and
the particular luma type being determined from the set of luma partition types, or a particular
chroma partition type using a single chroma intra prediction mode for coding the partitioned
block is determined from the set of chroma partition types in response to a luma partition type
utilized to code the block or the blocks of one or more neighboring blocks, the luma partition
type being included in the set of luma partition types, and wherein intra luma partition type and
chroma partition type are independently coded inside a macroblock on a macroblock basis, and

luma and chroma can have different intra prediction modes.

14. (Previously Presented) The method of claim 13, wherein a particular chroma
partition type for decoding the block is determined from the set of chroma partition types
responsive to a luma partition type utilized to decode the block or one or more neighboring

blocks, the luma partition type being included in the set of luma partition types.

15. (Original) The method of claim 14, wherein for the particular chroma partition type,
a largest-size available transform matching the particular chroma partition type is selected from a

set of transforms.

16. (Previously Presented) The method of claim 14, wherein from among a particular
luma partition type and a particular chroma partition type selected to code the block only
information indicating the particular luma partition type is received from a corresponding
encoder for use in decoding the block, the particular luma partition type being selected from the
set of luma partition types and the particular chroma partition type being selected from the set of

chroma partition types.
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17. (Previously Presented) The method of claim 16, wherein the particular luma partition

type is absolutely decoded or differentially decoded from one or more neighboring blocks.

18. (Previously Presented) The method of claim 13, wherein a particular chroma
partition type used to code the block is determined independently from a particular luma partition
type used to code the block, the particular chroma partition type being determined from the set of
chroma partition types and the particular luma partition type being determined from the set of

luma partition types.

19. (Previously Presented) The method of claim 18, wherein information indicating both
the particular chroma partition type and the particular luma partition types is received from a

corresponding encoder for use in decoding the block.

20. (Previously Presented) The method of claim 19, wherein the particular luma partition
type and the particular chroma partition type are absolutely decoded or differentially decoded

from one or more neighboring blocks.

21. (Previously Presented) The method of claim 19, wherein the particular chroma

partition type is differentially decoded from the particular luma partition type.

22. (Original) The method of claim 13, wherein a chroma entropy decoding engine used

to decode the block is different from a luma entropy decoding engine used to decode the block.

23. (Previously Presented) A non-transitory computer-readable storage media having
video signal data encoded thereupon, comprising:

picture data encoded for at least a block in a picture, wherein multiple partition types are
supported for intra prediction chroma coding of the block, the multiple partition types including
a set of multiple chroma partition types of sizes 16x16, 8x8, 4x4 and a set of multiple luma
partition types, wherein a particular chroma partition type using a single chroma intra prediction

mode for coding the partitioned block is determined from the set of multiple chroma partition
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types, independently from a particular luma partition type used to code the block and the
particular luma type being determined from the set of luma partition types, or a particular chroma
partition type using a single chroma intra prediction mode for coding the partitioned block is
determined from the set of chroma partition types in response to a luma partition type utilized to
code the block or the blocks of one or more neighboring blocks, the luma partition type being
included in the set of luma partition types, and wherein intra luma partition type and chroma
partition type are independently coded inside a macroblock on a macroblock basis, and luma and

chroma can have different intra prediction modes.
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Amendments to, and Listing of, the Claims begins on page 2 of this paper.

Remarks/Arguments begin on page 8 of this paper.
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DETAILED ACTION

1. This Office Action is a response to an RCE filed on 10/24/2018, in which claims

1-23 are pending and ready for examination.

Notice of Pre-AlA or AlA Status

2. The present application is being examined under the pre-AlA first to invent

provisions.

Continued Examination Under 37 CFR 1.114

1. A request for continued examination under 37 CFR 1.114, including the fee set
forth in 37 CFR 1.17(e), was filed in this application after final rejection. Since this
application is eligible for continued examination under 37 CFR 1.114, and the fee set
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on

10/24/2018 has been entered.

Response to Arguments

3. Applicant's arguments with respect to claims 1, 2, 12, 13, and 23 have been

considered but are not persuasive.
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4. In regards to claims 1, 2, 12, 13, and 23 applicant argues that:
a. Applicant respectfully submits that Wang neither teaches nor suggests,
“wherein a particular chroma partition type using a single chroma intra prediction
mode for decoding the partitioned block is determined from the set of multiple
chroma partition types, independently from a particular luma partition type used
to code the block and the particular luma type being determined from the set of
luma partition types, or a particular chroma partition type using a single chroma
intra prediction mode for coding the partitioned block is determined from the
set of chroma partition types in response to a luma partition type utilized to code
the block or the blocks of one or more neighboring blocks, the luma partition type
being included in the set of luma partition types, and wherein intra luma partition
type and chroma partition type are independently coded inside a macroblock on
a macroblock basis, and luma and chroma can have different intra prediction
modes” as in pending Claims 12 and 13.
b. Applicant respectfully submits that Guo does not disclose “wherein intra
luma partition type and chroma partition type are independently coded inside a
macroblock on a macroblock basis” because Guo only considers chroma
macroblocks.
C. Guo also does not disclosed coding of an intra luma partition type. As
cited above, paragraph [0030] considers two block sizes, 4x4 and 16x16, for
luma. There is no coding of partition type, either for luma or for chroma, in the
system of Guo.

5. However, examiner respectfully disagrees.
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6.

a. Applicant did not provide any reason to show why Wang reference does
not disclose the mentioned limitations. Therefore, as shown in the rejection
bellow, the Examiner believes that the mentioned limitations has been disclosed
by Wang.

b. As shown in Fig. 14 and 15 and explained in paragraph 43, a 16x16
chroma macroblock is divided into four 4x4 blocks.

C. Fig. 1 of Guo shows the coding of Luma partition types and chroma
partition types.

Claims 1-23 remain rejected since the system disclosed by the applicant is

taught by the prior arts.

Claim Rejections - 35 USC § 103

The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

7.

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

Claims 1-23 is rejected under pre-AlA 35 U.S.C. 103(a) as being unpatentable

over Wang (US 2007/0121728 A1) in view of Guo (US 2008/0219350 A1).

8.

Regarding claim 1, Wang discloses: An apparatus, comprising:
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an encoder for encoding (see paragraph 87) picture data for at least a block in a
picture (see paragraph 56 and 87), wherein multiple partition types (see paragraph
11, partitions can have 7 different sizes, and paragraph 77, chroma block sizes up
to 16x16) are supported for intra prediction chroma coding of the block (see paragraph
211, bit-stream of intra coded macroblock has chroma prediction mode
information), the multiple partition types including a set of multiple chroma partition
types (see paragraph 13, i.e. two chroma samples of size 8x8) of size 16x16, 8x8,
4x4 (see paragraph 11, partitions can have 7 different sizes, paragraph 77, chroma
block sizes up to 16x16, and paragraph 13, size and number of chroma blocks
varies in different formats) and a set of multiple luma partition types (see paragraph
13), wherein a particular chroma partition type is determined from the set of multiple
chroma partition types (see paragraph 11, partitions can have 7 different sizes,
paragraph 77, chroma block sizes up to 16x16), independently from a particular luma
partition type used to code the block (see paragraph 77 and claim 16, original block
size compensation processing is performed for chroma blocks up to block sizes
of 16x16, and paragraph 13, size and number of chroma blocks varies in different
formats. As one can see, the size and number of the chroma blocks are
determined using block size compensation processing, which is not dependent
on the luma blocks) and the particular luma type being determined from the set of
luma partition types (see paragraph 17, 8x8 or 4x4 luma prediction), or a particular
chroma partition type is determined from the set of chroma partition types (see
paragraph 11, partitions can have 7 different sizes, paragraph 77, chroma block

sizes up to 16x16) in response to a luma partition type utilized to code the block or the
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blocks of one or more neighboring blocks (see paragraph 125, real chroma blocks
should be half of luma block), the luma partition type being included in the set

of luma partition types (see paragraph 17, 8x8 or 4x4 luma prediction), and luma and
chroma can have different intra pradiction modes {(see paragraph 15-16 and
paragraph 221, blistream of intra coded macroblock has luma prediction mode
and chroma prediction mode).

Wang does not explicitly disclose: using a single chroma intra prediction mode
for coding the partitioned block, arid

whearein intra luma paritlion ype and chroma partition lype are independeantly
coded inside g macroblock on a macroblock basis.

However, Guo from the same or similar endeavor discloses: using a
single chroma intra prediction mode for coding the partitioned block (see Guo, Fig. 1
and paragraph 30 and 34, obtaining best predicted mode, texture coding using
best chroma predicted mode),

and wherein inlrg luma partition type and chroma partition type are independently
coded inside a macroblock on a macroblock basis {see Guo, paragraph 30}

It would have been obvious to the person of ordinary skill in the art at the time of
the invention to use “a single chroma intra prediction mode for coding the partitioned
block, and wherain intra luma partition type and chroma partition type are independently
coded inside a macrobiock on a macroblock basis” as taught by Guo in the encoder
taught by Wang to reduce calculations on obtaining predicted modes and to improve
coding efficiencies, where a low-cost hardware is practiced with a high efficiency, a high

picture quality and a low power consumption (see Guo, paragraph 6).
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9. Regarding claim 2, claim 2 is drawn to a method having limitations similar to the
apparatus claimed in claim 1 treated in the above rejections. Therefore, method claim 2
correspond to apparatus claim 1 and is rejected for the same reasons of anticipation as

used above.

10. Regarding claim 3, the combination of Guo and Wang discloses: The method of
claim 2, wherein a particular chroma partition type for coding the block is determined
from the set of chroma partition types responsive to a luma partition type utilized to code
the block or one or more neighboring blocks, the luma partition type being included in
the set of luma partition types (see Guo, Fig. 1 and paragraph 40-41, referring to Fig.
1, chroma mode is selected based on the Luma mode and as mentioned in

paragraph 40, luma mode is selected by searching the neighboring blocks).

11.  Regarding claim 4, the combination of Guo and Wang discloses: The method of
claim 3, wherein for the particular chroma partition type, a largest-size available
transform matching the particular chroma partition type is selected from a set of
transforms (see Guo, paragraph 2, 41 and 43, a Hadamard transformation is
performed [41] on the macroblocks and the macroblocks are divided into 4x4
blocks. The chroma blocks are selected 4x4 as well. According to the
specification of this application, Hadamard transformation is used to determine

the transform size).
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12.  Regarding claim 5, the combination of Guo and Wang discloses: The method of
claim 3, wherein from among a particular luma partition type and a particular chroma
partition type selected to code the block only the particular luma partition type is
signaled (see Guo, paragraph 41, only luma blocks are used to obtain the best
prediction mode), the particular luma partition type being selected from the set of luma
partition types and the particular chroma partition type being selected from the set of
chroma partition types (see Wang, paragraph 14 and 54, selecting color format.
Also see paragraph 11, partitions can have 7 different sizes, and paragraph 77,

chroma block sizes up to 16x16).

13. Regarding claim 6, the combination of Guo and Wang discloses: The method of
claim 5, wherein the particular luma partition type is absolutely coded or differentially

coded from one or more neighboring blocks (see Gou, paragraph 41).

14.  Regarding claim 7, the combination of Guo and Wang discloses: The method of
claim 2, wherein a particular chroma partition type used to code the block is determined
independently from a particular luma partition type used to code the block (see Wang,
paragraph 77 and claim 6, original block size compensation processing for
chroma up to block sizes of 16x16), the particular chroma partition type being
determined from the set of chroma partition types and the particular luma partition type

being determined from the set of luma partition types (see Guo, paragraph 43).
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15. Regarding claim 8, the combination of Guo and Wang discloses: The method of
claim 7, wherein the particular chroma partition type and the particular luma partition
types are both signaled (see Wang, paragraph 211, bit-stream of intra coded
macroblock has the following information: macroblock type, luma prediction

mode, chroma prediction mode).

16. Regarding claim 9, the combination of Guo and Wang discloses: The method of
claim 8, wherein the particular luma partition type and the particular chroma partition
type are absolutely coded or differentially coded from one or more neighboring blocks

(see Gou, paragraph 37).

17.  Regarding claim 10, the combination of Guo and Wang discloses: The method
of claim 8, wherein the particular chroma partition type is differentially coded from the

particular luma partition type (see Guo, Fig. 1).

18.  Regarding claim 11, the combination of Guo and Wang discloses: The method
of claim 2, wherein a chroma entropy coding engine used to code the block is different
from a luma entropy ceding engine used to code the block (see Guo, paragraph 2,

coding system has a luma coding and a chroma coding).

19. Regarding claim 12, claim 12 is drawn to an apparatus having limitations similar

to the method claimed in claim 2 treated in the above rejections. Therefore, method

claims 12 correspond to apparatus and method claim 2 and are rejected for the same
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reasons of anticipation as used above. Furthermore, Wang discloses a decoder (see

Wang, paragraph 87).

20. Regarding claim 13, claim 13 is drawn to a method having limitations similar to
the apparatus claimed in claim 1 treated in the above rejections. Therefore, method
claim 13 correspond to apparatus claim 1 and is rejected for the same reasons of
anticipation as used above. Furthermore, Wang discloses a decoder (see Wang,

paragraph 87).

21. Regarding claims 14 and 15, claims 14 and15 are drawn to a method having
limitations similar to the method claimed in claims 3 and 4 treated in the above
rejections. Therefore, method claims 14 and 15 correspond to apparatus and method

claims 3 and 4 and are rejected for the same reasons of anticipation as used above.

22. Regarding claim 16, the combination of Guo and Wang discloses: The method
of claim 14, wherein from among a particular luma partition type and a particular chroma
partition type selected to code the block only information indicating the particular luma
partition type is received from a corresponding encoder for use in decoding the block
(see Guo, paragraph 41, only luma blocks are used to obtain the best prediction
mode, also see Wang, paragraph 129), the particular luma partition type being
selected from the set of luma partition types and the particular chroma partition type

being selected from the set of chroma partition types (see Wang, paragraph 14 and
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54, selecting color format. Also see paragraph 11, partitions can have 7 different

sizes, and paragraph 77, chroma block sizes up to 16x16).

23. Regarding claims 17 and 18, claims 17 and 18 are drawn to a method having
limitations similar to the method claimed in claims 6 and 7 treated in the above
rejections. Therefore, method claims 17 and 18 correspond to apparatus and method

claims 6 and 7 and are rejected for the same reasons of anticipation as used above.

24. Regarding claim 19, the combination of Guo and Wang discloses: The method
of claim 18, wherein information indicating both the particular chroma partition type and
the particular luma partition types is received from a corresponding encoder for use in

decoding the block (see Wang, paragraph 129).

25. Regarding claims 20-22, claims 20-22 are drawn to a method having limitations
similar to the method claimed in claims 9-11 treated in the above rejections. Therefore,
method claims 20-22 correspond to apparatus and method claims 9-11 and are rejected

for the same reasons of anticipation as used above.

26. Regarding claim 23, claim 23 is drawn to a computer readable storage medium
having limitations similar to the apparatus claimed in claim 1 treated in the above
rejections. Therefore, computer readable storage medium claim 23 corresponds to

apparatus claim 1 and is rejected for the same reasons of anticipation as used above.
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Conclusion

THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later
than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to MARYAM A NASRI whose telephone number is
(5671)270-7158. The examiner can normally be reached on 10:00-8:00 M-T.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Joseph Ustaris can be reached on 5712727383. The fax phone number for

the organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/MARYAM A NASRI/
Primary Examiner, Art Unit 2483
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Vincent E. Duffy

THOMSON Licensing

19868 Collins Road

CANYON COUNTRY, CA 91351

Courtesy Reminder for
Application Serial No: 13/389,872

Attorney Docket No: PU090108
Customer Number: 24498
Date of Electronic Notification: 11/16/2018

This is a courtesy reminder that new correspondence is available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondence will be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence was sent to the following
email address(es) associated with your customer number:
Patricia.Verlangieri@InterDigital.com
mike.pugel@eurekovation.com
vincent.duffy@technicolor.com

To view your correspondence online or update your email addresses, please
visit us anytime at https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC)
at EBC@uspto.gov or call 1-866-217-9197.
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U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no person is required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

| hereby revoke all previous powers of attorney given in the application identified in the attached
statement under 37 CFR 3.73(c).

| hereby appoint:

Practitioners associated with Customer Number: | 157363
OR

I:I Practitioner(s) named below (if more than ten patent practitioners are to be named, then a customer number must be used):

Registration Registration
& Name &

Name Number Number

As attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark Office (USPTO) in connection with
any and all patent applications assigned only to the undersigned according to the USPTO assignment records or assighment documents
attached to this form in accordance with 37 CFR 3.73(c).

Please change the correspondence address for the application identified in the attached statement
under 37 CFR 3.73(c) to:

The address associated with Customer Number: 1 57363
OR

Firm or individual name

Address

City State Zip

Country

Telephone Email

Assignee name and address: |\ repp g ITAL VG HOLDINGS, INC.

1209 ORANGE STREET
WILMINGTON, DELAWARE 19801

A copy of this form, together with a statement under 37 CFR 3.73(c) (Form PTO/AIA/96 or equivalent) is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73(c) may be completed by one of the
practitioners appointed in this form, and must identify the application in which this Power of Attorney is to be filed.
SIGNATURE of Assignee of Record
The individual whose signature and title is supplied below is authorized to act on behalf of the assignee.

Signature/Ronald Kolczynski/ Date2019-01-09
Name Ronald Kolczynski Telephone 609-436-5071
Title Reg. No. 57,177

This collection of information is required by 37 CFR 1.31, 1.32, and 1.33. The information is required to obtain or retain a benefit by the public, which is to update
(and by the USPTO to process) the file of a patent or reexamination proceeding. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. This
collection is estimated to take 18 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should
be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination
of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in
the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuantto 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system
of records may be disclosed, as a routine use, to the International Bureau of the World Intellectual
Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(0)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to
the public if the record was filed in an application which became abandoned or in which the proceedings
were terminated and which application is referenced by either a published application, an application
open to public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Serial No. 13/389,872 PATENT
Customer No. 157363 PU090108

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : XU et al.

Serial No. ; 13/389,872

Filing Date : February 10, 2012

For METHODS AND APPARATUS FOR IMPROVED INTRA

CHROME ENCODING AND DECODING

Conf. No.: 7293

REQUEST FOR CORRECTED FILING RECEIPT

Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

Sir:

Applicants request a corrected filing receipt for the above-referenced
application by correcting the assignee & customer number:

THOMSON LICENSING, 1-5, rue Jeanne d’Arc, Issy les Moulineaux, France 92130
to

INTERDIGITAL VC HOLDINGS, INC., 1209 Orange Street, Wilmington, Delaware
19801

Customer number: 24498 to 157363

Also attached is a corrected application data sheet. No fee is believed
due in this regard. However, if a fee is due, please charge to Deposit Account 60-
2390.
Respectfully submitted,

/ Ronald Kolezynski /
Ronald Kolczynski
Registration No 57,177
609-436-5071

Interdigital

4 Research Way, 3 Floor
Princeton, NJ 08540
DATE: 2019-01-09
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
INTERDIGITAL VG HOLDINGS, INC.

Application No./Patent No.: 13/389,872 Filed/Issue Date: 02/10/2012
Titled: METHODS AND APPARATUS FOR IMPROVED INTRA CHROMA ENCODING AND DECODING

INTERDIGITAL VC HOLDINGS, INC. .a CORPORATION

Applicant/Patent Owner:

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)
states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

|_| The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

|:] There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: XU, et al. To: THOMSON LICENSING
The document was recorded in the United States Patent and Trademark Office at
Reel 042187 , Frame 0337 , or for which a copy thereof is attached.
2 From: THOMSON LICENSING To: INTERDIGITAL VC HOLDINGS, INC.

The document was recorded in the United States Patent and Trademark Office at
Reel 047289 , Frame 0698 , or for which a copy thereof is attached.

[Page 1 of 2]
This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 01/31/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel _ ~~ ,Frame__ , orforwhich a copy thereof is attached.
4. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel _ ~~ ,Frame__ , orforwhich a copy thereof is attached.
5. From: To:
The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.
6. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Ronald Kolczynski/ 2019-01-09

Signature Date

Ronald Kolczynski 57,177

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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