ADAPTI VE ENCODER- ASSI STED FRAME RATE UP CONVERSI ON

CLAIM OF PRIORITY UNDER 35 U.S.C. 119 [0001] This
wa@ppiiicaté on clains the benefit of U S. Provi sSPONEB2007/065547

Application No. 60/789,319, filed April 4, 2006, and

No. 60/795,038, filed April 2%, 2006, the entire

content of which is incorporated herein by reference.
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and the ITU-T H.264 standard and its counterpart, ISO/IEC MPEG-4, Part 10, i.e.,
Advanced Video Coding (AVC). These video encoding standards support improved
transmission efficiency of video sequences by encoding data in a compressed manner.
[0005] Various video encoding standards support video encoding techniques that
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representations of video frames to motion representations. Frames encoded using Inter-

frame techniques are referred to as P (“predictive”) frames or B (“bi-directional”)



conpression, which is non-predictive. SUMVARY [ 0006]
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[0008] In one aspect, the disclosure provides a digital video encoding method
comprising interpolating a frame rate up-conversion (FRUC) video frame, encoding at
least a portion of a video frame using the FRUC frame as a reference, selecting one of a
plurality of FRUC modes for the at least a portion of the encoded video frame, and
adjusting one or more parameters for the at least a portion of the encoded video frame to
indicate the selected FRUC mode.

[0009] In another aspect, the disclosure provides a digital video encoding apparatus
comprising an interpolation module that interpolates a frame rate up-conversion (FRUC)
video frame, an encoding module that encodes at least a portion of a video frame using
the FRUC frame as a reference, a mode selection module that selects one of a plurality

of FRUC modes for the at least a portion of the encoded video frame, and a signaling
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of the encoded video frame according to the selected

hpdeo frame, select one of a plurality of FRUC modes to decode at least a
portion of an encoded video frame based on one or more parameters for the at least a
portion of the encoded video frame that indicate the selected FRUC mode, and decode
the at least a portion of the encoded video frame according to the selected FRUC mode
using the interpolated FRUC frame as a reference.
[0014] The techniques described in this disclosure may be implemented in a digital
video encoding and/or decoding apparatus in hardware, software, firmware, or any

combination thercof. If implemented in software, the software may be executed in a

computer. The software may be initially stored as instructions, program code, or the



using the interpolated FRUC frane as a reference.
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[0021] FIG 6 illustrating a video frame encoded according to the EA-FRUC
techniques described in this disclosure.

[0022] FIG. 7 is a flow chart illustrating a technique for encoding video frames or
portions thereof in accordance with an adaptive EA-FRUC technique described in this
disclosure.

[0023] FIG. 8 is a flow chart illustrating a decoding technique for video frames or
portions thereof encoded according an adaptive EA-FRUC technique described in this
disclosure.

[0024] FIG. 9 is a block diagram illustrating an apparatus for encoding video frames

or portions thereof in accordance with an adaptive EA-FRUC technique described in this

disclosure.



[0023] FIG 8 is a flowchart illustrating a decodi ng
techni que for video franes or portions thereof encoded
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encoding mode can be communicated efficiently to the decoder for use in decoding the
encoded video frame without consuming substantial, additional bandwidth. Use of
FRUC reference frames and communication of FRUC encoding modes permit the
encoder and decoder to more effectively balance coding efficiency and visual quality.
[0028] The encoder may, for example, adjust a coded block pattern (CBP) parameter
and/or a motion vector (MV) parameter associated with a macroblock or sub-partition,
i.c., a block, in the encoded video frame to identify the selected FRUC mode for that
block. Each of these parameters includes a bit that can be set to zero or a nonzero value.
Accordingly, a first mode can be indicated by setting the CBP parameter to zero and the
MYV parameter to zero, a second mode can be indicated by setting the CBP parameter to

a nonzero value and the MV parameter to zero, a third mode can be indicated by setting
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B ERHIREs a video encoder 12 and a video decoder 14 connected by a transmission
channel 15. Transmission channel 15 may be a wired or wireless medium. System 10
may support bi-directional video transmission, ¢.g., for video telephony. Accordingly,
reciprocal encoding, decoding, multiplexing (MUX) and demultiplexing (DEMUX)
components may be provided on opposite ends of channel 15. Alternatively, video
encoder 12 may form part of a video broadcast device that broadcasts or streams video
to one or more subscriber devices over a wired or wireless media. In various aspects,

encoder system 12 and decoder system 14 may be embodied within video
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delivering services over the FLO Air
or any combinations thereof. The illustrated components of video encoder 12 and video

decoder 14 may be included in one or more encoders or decoders, either of which may
be integrated as part of a combined encoder/decoder (CODEC) in a respective subscriber
device, broadcast device, server, or the like. In addition, video encoder and decoder 12,
14 may include appropriate modulation, demodulation, frequency conversion, filtering,
and amplifier components for transmission and reception of encoded video, including
radio frequency (RF) wireless components and antennas, as applicable. For ecase of

illustration, however, such components are not shown in FIG. 1.



Interface. However, the EA-FRUC techni ques are not

limted to any particular type of broadcast, nulticast
WGE®rAM120r poi nt-to-point system [0034] Vi deBCEOSHAB065547

12 and vi deo decoder 14 may be inplenented as one or

nmore processors, digital signdl processors,
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RBly&vmpde, seridiab tarmaging snaychecapoded| for @ Hitdaades apdhesidual
H?&‘de'tlgﬁ KRd hdtibA S edb B Pormation may be encoded for a fourth mode. In this

manner, encoder 12 may select different FRUC modes to reduce effective bit rate if
visual quality is acceptable, or increase effective bit rate if visual quality requires
improvement.

[0038] The above FRUC modes are described for purposes of example. Additional
FRUC modes may be provided. In addition, alternative FRUC modes may be provided.
As one example, an alternative FRUC mode may combine any of the above FRUC

modes with one or more normal bidirectional (B) MB modes that are known in the art of



frame according to one of a plurality of FRUC nodes.

Encoder 12 may sel ect the FRUC nodes for encoding the
whbk@chssiee t he video franme based on a rate-di SPOF/USNT/065547

(RD) optim zation decision to balance requirenments of

coding bitrate and visual quaPity |oss. [0037] Encoder
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[0041] Standard encoder 16 encodes P frames and I frames, such as F, and F;, using
standard encoding techniques. EA-FRUC encoder 18 may encode at least a portion of
each bidirectional (B) predictive video frames, such as F,, according to the adaptive EA-
FRUC techniques described in this disclosure. In particular, EA-FRUC encoder 18 may
selectively encode each of the blocks in F, according to one of a plurality of FRUC

modes and with reference to an interpolated FRUC frame to balance the requirements of

coding bitrate and visual quality loss.



nodul e 20, a standard encoder 16, and an EA- FRUC
encoder 18. Frane processing nodule 20 is configured
WO 00pioaess i nput source video stream 2. Fr anePCT/US2007/065547

processi ng nodul e 20 may be configured to process
i ncom ng video franes accordiy to a fixed group of
pi ctures (GCP) pattern such as IBPBPBP Franme

ssjn e 20 e be .confi
R38E o olaod e dhifei 4 BkaR § BIoRE MR ot g B okHE Bone of e
BRBI0! ¥ gesGOR-FRIUC@hBoded 1 94firs intetpotatddl LFIBUC fasiRSatakE€same time
encoded between each P frame based on the video

gt anks The BRYCdepane is ﬂma%ctp@ée@s%ﬁhﬁ@ema@ﬂle resgdes between
HEAETLAFRAURT. T, SOROUE OCATLAS UL, (ABTER rotrnc
fraimbg it te sachaptidnvier &sAnFdrtiliGatye fiamg U &S - HRSJG‘J ¢rieederi I8 interpolates
this disclosure. In FIG_1, F represents a B frang,

thsiiRV¢ figmesisme thegpnge F%Hﬁégerﬁss Eicaployeddn decoder 14. That is,
gubsegeen d%r fig ntegﬁﬁzﬁg Bifd el ﬁah@?or%&grngféegslﬁgthe
reference rames for coding frane F2

Stighizheimg Pefrarockel’; 4@ Fen céadeshﬂgl;f rtlarrEBUQrﬁhme CEOTEHSB(mdmg to F, may

ch as and_F3 si.ng standard codi t echni ques.
Rt e BULF ) 2 Moy EFRAET 0 Gogrehop R Er GRe geine: frame
e@@m&r &li RS tiheRRlatioBkcMRRALEt i ve video frames, such
as F2, according to the adaptive EAFRUC technlques

ﬂwa} i basl dr:swrlb gbadestbr FguFRUQ propess enendeast, legsha pRon of the

e?_.gramgc 3 Pgl Sé{%rrgsg)fgngmg 3581%” v 0 nﬁerpgfateg;{ﬁlu ﬁofgfrme generated

@tr’tﬁe Wnﬁdﬂtlﬂheﬁ@taﬁlﬂé @s {idc@fraimdtrer Ilcih ﬁﬁ@dn fRUEe ot @met W1l be able to
bal ance the requirenments of coding bitrate and visua
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frame at the decoder. Consequently, EA-FRUC can improve compression ratios and
transmission bandwidths across channel 15.

[0045]  After the FRUC frame is generated for F,, EA-FRUC encoder 18 performs
motion estimation for each of the “possible” reference frames. In this case, the
“possible” reference frames include the FRUC frame interpolated at the same time
instance as the to be encoded video frame F,, reference frames previous to the to be
encoded video frame F; in time, subsequent to the to be encoded video frame F, in time,

or both the previous and subsequent reference frames, e.g., F) and Fs. The possible



at the sane tinme instance as video frame F2. It is

known that decoder 14 will be able to interpolate the
WO-RWO1iF126e at t he decoder side. Therefore, i tPCBHUSL8D065547

known that the FRUC frame will then be avail abl e at

the decoder side for use in decoding franme F2. On this

basis the FRUC frane can then be used as a reference
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Fi and the FRUC frame interpaol ated at the sane

infgexlated FRYC FAEICUGE B RYY theck Y Erieeddhu PROFRUC encoder 18
hIRG hﬁg%§rfg§n motion estimation for each of the non-interpolated reference frames

included in the forward and backward reference buffers, i.e., F; and F3 with respect to
F,. EA-FRUC encoder 18 selects the mode, i.¢., a standard mode or one of a plurality of
FRUC modes, for encoding a block in F; based on an RD optimization decision. That
is, EA-FRUC encoder 18 may be configured to select the encoding mode that minimizes
a RD cost function. The RD optimization decision may utilize an RD function that
comprises a measure of trade-offs between encoding size and distortion using motion

vectors and residuals of the encoded frame or portion thereof and corresponding



[ 0046] For normal video encoding, i.e., non-FRUC video
encodi ng, the nunber of previously reference franmes to
wheoocondedered for encoding is N, i.e., the nupdBEUSINT065547

noni nterpol ated reference franes in the forward
reference frame buffer. The pErticular reference frame
mhich the video frane is encoded with reference to is
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perform notion estimation using the interpolated F
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standard, the selected FRUC mode can be indicated without increasing the encoding size
for the video frame.

[0050] In one aspect, decoder 14 may, for example, use the previously described
“reference frame” encoding field as a trigger for examining the CBP and MV encoding
fields for blocks in the frame. As previously described, the reference frame encoding
field indicates that a corresponding reference frame or block in the reference frame was
encoded using a FRUC frame interpolated by EA-FRUC encoder 18 when the value

stored in the field is N, i.e., one larger than the size of the pre-defined size of the forward



standard conpliant bitstream However, if one of the
FRUC nodes is selected to encode the block in F2,
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pararret er to zero and (Y, Y4 pararret er to a nonzero
sealt b enepddr thh eTh@qurmaHRU@lm@l@ imgagh péframgs Earnsld ipermit

oo i 7 BENETRUTe ) EanRRSET Aa FUBRBRE, joders 22

hE24GRR dpat Beredparatd @rﬂ@fn@n@%dtlh@edwn@ﬁb@ﬁmgeated s Zphfte
is an invalid state for urposes of the H 264

Biospgay withipsgopsron ODHG, araking weoi Riwgple comperionis qiga shared
H. 264 standard, the sel ected FRUC node can be

|n$ cated without increasing the encoding size for the

[ﬂﬂdep f nathe illys@ae0 kxdmplo € FES.ple A - FHEI@@&bder4rmymufe@ tthe

| e d bed f
o Geee Teoaeng e T oA Fr 56 TR AT RP DY briareen F)
§RPr 2RAd MnBRC A, RGs th&l d8 uglﬁ aBloRS q}ﬁ%}:do'lht&f‘ﬁaﬁlé BPEn infSpolated

previously descrlbed the refeéerence ame encodi ng
FREIdframel as:ateé@rencttatWhemEArlﬂtﬁdG ridcotgr dettemieactaf Fames encoded

or. block.in t ference_.frane code in
s R st PGB S ByeRAePROa RIE Seder 43 ids e
YabkEns toNtffatdtctHifqids €Fer &xtan¥le, IEAFR UINEcbaérdI middtode F, to
the size of the pre-defined size of the

metodhener-etespelated dramerspegified by ppejreferengs frapyg onceding field.

FO AL A R PR 0 B RSO BB poced

6@ aeFRIAC ¢amedategiotte®by Encddporl, EanFRUC d‘&o&dr@@@mlnes the

frame was encoded using a non-interpolated frane
£ BPamnd M ¥ ngrameters for the blocks associated with F,. Based on the CBP and MV

parameters, EA-FRUC decoder 24 determines which one of the FRUC modes was used

to encode the pertinent blocks of frame F, and decodes the F, blocks accordingly.
[0053] When a block in frame F, is encoded using one of the FRUC modes, EA-
FRUC decoder 12 interpolates a FRUC frame using the decoded video frames
corresponding to reference frames F; and F;. This FRUC frame matches the FRUC
frame interpolated by encoder 12 and is used to decode one or more blocks of F,. For
example, when a given block in F; is encoded using the first FRUC mode, a

corresponding block in the FRUC frame interpolated by EA-FRUC decoder 24 can be



the FRUC frame interpol ated by EA- FRUC encoder 18 as a
reference, and process the information provided by the

w@BmB7ami2dW paraneters for the bl ock accordi ngP@T/US2007/065547

[ 0051] Decoder 14 receives the transmtted bitstream
from encoder 12 and decodes tle video franes. In the
exanple of FIG 1, decoder 14 includes a standard
decoder , 22 to.h t he decodin f. 1. and P fr.ane
SRR PR RE S s T2 R R oy B RS A aother
aashpl O tvaapel Bodkon Mfis Efidoed isnethe sSioad FRUIC drReedeA-FRUC
appl i es standard decodi n& t echni ques to decode each |
flecaner reseptirrpiiolaetAREE framepnl thg masieptvegipr Berauern

. i r ; . Ima
P A RO SRGERRRCTO s RaE R Bis B BUuiR g furter
Exaatpde, ofhevi YeFRIUCT dedvdti Bhdct®edndahs aAocknid F24vaseecbded using

e O T
(SIS da[@%%r'gg]ﬁle?l' $6 o reie%ﬂiéd Pl P %‘&&ltoﬁe e rl@:slpépt?\aeeﬂock in Fs.

basi s. n"the [ ustrated exanpl e of
ByderuUGhdeetpic, 2hee ¥ATRES ddredarefietlcemmenct thatre block in F; was

encqdi ng fi el f ' resjde t oral |
Bpaeb e i oA [E et i R U kot o G aiprion vector
Ysth B84 BheRONRdUAN S @%@&&ﬁb;f tha P& cRled ¥cb rfia%[e%'d%&&i%_ tﬁ&é@pecﬁve
frame as a reference. When EA- FRUC decoder deterni nes

bleak ir>. iaghie meoderd depsidergl dacancinti¢ipntbr grobde dig bitstagam pascived
ﬁﬁlefner(gegqg, EA- FRUC decoder 24 decodes F2 according
SYERTArd t echni gues. For exanpl e, EA-FRUC decoder

ROsapy HES odds F2ohvachartitistiatifg B@sinpliyeyppaitiah @deddods®l4. As
speci fied by the reference frame encoding field. )
HhomeviarF1GydverenEad e RAICeeedees ditut sonreeyideerbtirasn ¢3haMoge specifically,

. - ; ‘
A LoBBral oy B, ARGRATo bRl Bt o Al sourcc video
stheanCBEhdmid cddvepadensioams? foatetdrimendatho eldeo @sstonti (@).eBased on the
with F2. Based on t and W, paraneters, EA-FRUC

R e P\ﬁ‘?@ﬁm&ﬁ A bRCHIIS HRUES RiSBS Rgodule 20
4§6%hih& €48 HREIBET MR RIB BLACKS), 8f iffoh@BEnb& @B&s in frame
decodes the F2 bl ocks accordingly. T0053] Wen a bl ock

ang B blanks. F2 i s encoded usi ng one of the FRUC nodes,

E coder 12 int.erpol,a FRUC fra usi.ng, t.he )
05t e SR8 S e iNiBg PRUBl I R s v DRV il frame is
fibt 2B Hrafd-(nd Biancir B, fﬂaﬂﬁ?rd?@%ﬁﬁ?ﬁloﬁﬂl% 26R6kdsfth@iRIco frame to
mtmol ated by encoder 12 and is used to decode one

gandpsd endoideclds andapd crrgderelaprpfosms wharal yagible engthoorling
.t\pLg)zellc%dl%g%oo gﬁecdodlej ien\gdéoh rarilie E6S)tan5 Eé%’r%rgt%éj § bitfream accordingly
(7). The bitstream may, for example, be compliant with the ITU-T H.264 standard.
[0056] When frame processing module 20 determines that a received video frame is a
B frame (yes branch of 5), frame processing module 20 sends the B frame to EA-FRUC
encoder 18. EA-FRUC encoder 18 interpolates a FRUC frame at the same time index as
the B frame (9) and selects one or more modes for encoding the macroblocks or sub-
partitions, i.c., blocks, in the B frame (11). EA-FRUC encoder 18 may select one of a
plurality of FRUC modes described in this disclosure for a given block, or may select to
apply standard B-mode coding to encode the block instead of choosing an EA FRUC

mode.



correspondi ng block in the FRUC frame interpol ated by
EA- FRUC decoder 24 can beused as F2 because the FRUC
wo e@nmag1ane F2 are sufficiently close nmatches. BGI/US2007/065547
anot her exanple, when a block in F2 is encoded using
the second FRUC node, EA- FRUJXMecoder 24 uses the
i nterpol ated FRUC frane and the notion vector

SN B BH RS AR e L VR 5R H conan o

XasatEmonb e EAF ERGCHIRE 08l eficodds Bietiey ifitheB fidd@tacBording to an
block in F2 was encoded usi nlgﬁt he thi rd FRUC node

EA-IFRUE rordsdaey branch 5B EAHR VAearqsist A eenamresrt Haied standards
FOLSARBL SN &3 LR BB, BASIE RSy San o
Hitsheandexicoephie e BARERUE erfeRUE 1@aandatju? dnclet mora peesmeters, ¢.g.,
that _a bJock in F2 s encoded  usi %-t he fourth FR

UcC
sde3P e MRUR#BelSEdPT 20F USROSk indisalg dcelsFtcd4RA/C mode.
PP B3 B RECIBIRAAO: REARE R SEEREpH HERe by
medried pathecwae fo 4 dommahly efifalidi sene. | Axddieamdly, EAGFRUC encoder may

itstream,recei ved from,encoder . .[ 0054]. FI 2Ai S a
B0 HeLRRT e R o e o R SRS Py S tag eh s e itsG acode
Bk tROBWRnhdacthiing2i onB ¢ AREFRUE niREE! Mefis AR the size of the
source video stream (3). More specifically, with

reégrpeestbuflsr srarederthamthe pradefined oeaxswilygandnfheredore, is non-

recetves. i t, soyrce video stream 2 and processes
VARG LIRS %tgglﬁgg%é S%‘él aélr:am' ne the video content (4).

fuser oOn tieothédRad CORSrEPA enodts 1 8 VSRSt cBfodeRBE Cof the blocks of
franes and | ocations, franme processing nodule 2

0
thettbframaescarding te ercehbe FRUSemodesdie brapch ol T e RE§, encoder
% %%Je{é%@sea Biﬁstfé%ﬁha'i%&ng%lﬁﬁé Q@gf{g@eﬁ&%&ta%%ﬁ?). {@g%?%tream

rame processi ng ermnes t
parceitdEbly sicddar FXianmnsrsittodto decBdérm lanmeyef olmnelaitcl’).of

_ frame. processi ng madul e .20 sends the videq frane
f@Sgl ang&f 5%& &rc%fé.lﬁlﬁtréﬂa%w Ay PPFrafign Bgﬁ?@aﬁ%l“- As

ORWIBh P8 I8 RlcBod E At i HRY L M stk My ERAAHIN S5 123)etpBfHe
the video frane (6) and generates a bitstream

sccivmg thgbystedin, dfdodeibl 4 parsasahe bigsyreamontoexaodideriddoerames (25)
compl jant with the I'TU-T H 264 standayd. 056 en . .
Rl bt et e tsh | SBibsPhenaeh HiP Todo b ayine i the
Vides Prafcad'® Bl fParfe @6?; RN (¥EsdcP 1 ABEBrmRhedthat the Mo frame is not
processi ng nodul e 20 sends the B frame to EA-FRUC

@ Fciores (nperameh-af ROE stnderdeiccadst 2Arpplinsingtraal dgcedRugoperations to

ran t he sa I me, i ndex the B frame (9) and
{c,hglvén(getogﬁ a(%][ﬁeetoorecoger&e1e ldgggrapl oeréz)ncodi ng the macrobl ocks

0060ub HawtVdr] Whéh ddcoger,14blcegksncs ithnt tHievifed fran®is(alB frame (yes
%hthéJfC%e),n I(E:X?Fel{Ué %egoa er %4? ldeetglt’mi?lgse if %fRUaC modes were used to encode
any of the blocks in the B frame (29). EA-FRUC decoder 24 may determine that a
FRUC mode was used by an indication that the forward reference buffer has increased
from N-1 to N, and then may identify the particular FRUC modes that were used to
encode the respective blocks in the B frame by examining the pertinent CBP and MV
parameters, as previously described.

[0061] In order to determine if the B frame was encoded using a non-interpolated

frame as a reference or whether any of the B frame blocks were encoded according to

one of the FRUC modes using a FRUC frame as a reference (29), EA-FRUC decoder 24



plurality of FRUC nodes described in this disclosure
for a given block, or may select to apply standard
w@mdes1eeodi ng to encode the bl ock instead of PEDUSINY065547
an EA FRUC node. [ 0057] EA- FRUC encoder 18 encodes each
of the blocks in the B frame Hrcording to a sel ected
rmde (13). If EA-encoder 18 encodes blocks in the B
accor,

TR ARERIE et S Berbrnb TRl B8 ARBRvldty described.

#aen gReRlicaredint thé F&ah(ime IR dBigtfidld B ahidbdtits 0 and N-
case may not conply with the H 264 standard because

&%@é@rwlmdl pig/of4by ner-inderpolstedrrpicecnsa frames By tye forward
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ovi ded by the nodified paranefers to. a nor
ﬁ\%%ﬂ Ipgst & pagtion oA 18 ffigmsI W, en@ﬁeﬂmréweé@ gpe ﬂ*gtye ERLY" modes

hﬁﬁég@ﬁ@éﬁ%nglaggr&‘grehg@ forward reference buffer by

one when selecting to encode blocks in the B frane
62} di Hdplaoks omehe dF frothe weRUQ cndatesccoldmg tblosle oage, FRUE modes

f t f f i t
o8 ig8edciad dhingr e THeC ool re SFAE R cbori etrence to the
WB'P"hnH hev 'ﬁa?a%te?‘é %}Q% fitspe[cg()@ gﬂocﬁh OhhBis %ﬁﬁ@ rEA@‘R@JC decoder 24

when EA- encoder does not encode any of the blocks

glcathide Bppropriete éFB&EQ diodg feragnblogk. EAeFHROCcaerte 24 (nforpolates a

Ef{?}'&c rraer{al%ﬂzl% resgoncsg ?&%i?%egrcr:x?lgl\?\ljg %a% tl?}eelg it at eS aeélﬁ%%ed dalccordlng to
6dO)f thd FRUT inslEsa @8 iganar ety By- EMUOJQ&EO(JJ@Z 2l4 %an then decode the
transmtted to decoder 14 over channel [ 0059]

meg

Hocks inghg B feaniq asaoigingrte the seleoteddiR g r@d@ the 1nterpolated
Eg@@ﬁ&ﬁg 3%5 agggé}g&%{lceléam hovvn in FIG 2B, decoder

recel v ream over channel 15 (23). Upon
[0868] Vi Wiheh ltes Bet“cﬁ'ﬁmedithat the bbabés inlthe [Bifrsms wiebeenot encoded

B B TSl 50 TR S BB s

D

eef@efigedigng o Hﬁ@ltm'm_nm‘d Bexamsting therrdfedmco deme2acoding ficld as
PR inuas e FEEE e B 1 FtBorb B EIAER Traqka ecoded by
SeeREe Hechde Bt 81dNE AGR U D AbcddoL24 todRem fav3d® de§udhcB(28).

frame (%Jéi branch of 26), EA-FRUC decoder 24

HO6d} i 3ji§ a #Rg@nnﬂ@é@atma@ph%@nw@ apHPoHB Ukntpclfique for use
@g\ﬁ%ebol gn(r;céa?rhlgtftoa Eg&b@‘% V\%% Ofus Lam F%Lé%gct? %oder ][% thgqyustrated
thaiplé BEFIG B\Waide bRicedsaipcaolé be brd&aﬁ;e@, ﬁ@ﬁﬁ@ﬁlﬁ& Vldeo stream 2
into P frames 32A-32D, collectively referred to as “P frames 32,” FRUC frame 34, and
B frame 30. Although only B frame 30 is shown in FIG. 3, the frames produced by
frame processing module 20 may include multiple B frames.

[0065] FRUC frame 34 is interpolated by encoder 12 at the same time index as B
frame 30 and B frame 30 is encoded using FRUC frame 34 as a reference. Thus, the
encoding size of B frame 30 is reduced because it includes a differential between FRUC
frame 34 and B frame 30. That is, the encoded video frame for B frame 30 includes the

residual of “true” B frame 30, as transmitted in video stream 2, and FRUC frame 34.

FRUC frame 34 is not encoded or transmitted to decoder 14. Instead, decoder 14



fromN1 to N, and then may identify the particul ar

FRUC nodes that were used to encode the respective
whbk@chssieeq t he B frane by exam ning the perti neCt/USCBR7/065547

and MV paraneters, as previously described. [0061] In

order to deternine if the B ffane was encoded using a

non-interpolated franme as a reference or whether any
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he frane, re._not encoded accordi ng to.one of e )
ég@&%@gﬁﬁ@%ﬁm& PQ}%@W&? o5 TjcrBlockR Dpaebar opabocks, usng
deeRge fert e Brih e Bk APREPRI 3 Rumbden bicfcﬁ&[‘%uch as
as a reference (36). The appropriate reference frane

vaorobckie(dBgi anddtiny seneben subblgckd suchefser md e afrapngpixels, or into
di f.i el [ I i bed.

Tt S A v U R

ShRndadythdesried ﬁfdegé)nd@ﬂﬁiy EAdifRGt g e to Dfhck B1dcRS. Mndarticular,

vi deo sequence (28). [0064] FIG 3 is a diagram

puchibdeaka miithin aBgrineamaphe ofcoglad Eng Rificrens dinFBLE modes
se i.n videg.encoder .12 for fixed attern of P .. .
HEntRe i PR PPERE iprel RlRPy op bl BRURRY ds Gpoctived n his
fis€losute. frame processing nodul e 20 processes i nput
source video stream 2
[0068] In general, subblocks may vary across B frame 30, P frames 32, and FRUC
frame 34. For example, motion estimation algorithms may used to encode B frame 30
as a frame or a plurality of blocks. As an example, B frame 30 may be encoded in terms
of blocks that include sizes such as 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and 4x4 pixels,
although other blocks sizes are conceivable. Thus, B frame 30 may be partitioned into a
set of encoded blocks that encode substantially all the pixels of the frame. The encoded
blocks may be of different sizes and each of the encoded blocks may be encoded using a

different EA-FRUC mode as described in this disclosure. Accordingly, a FRUC frame



into P frames 32A-32D, collectively referred to as "P

frames 32," FRUC frane 34, and B frane 30. Although
womoy/1B1t6 ane 30 is shown in FIG 3, the franeBCT/US2007/065547

produced by frame processing nodul e 20 may i ncl ude

multiple B frames. [0065] FRUS frame 34 is

i nterpol ated by encoder 12 at the sane tine index as B
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biscotledluced because it includes a differential between

FRUC frame 34 and B frame 30. That is, the encoded
{0068b f Insprderite selpetiyhiphe frame it ra pdesrefenence &y ageding B frame 30,
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may. be decreased_.because of. the reduced encaqdi ize
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condi tions, decoder 14 can still performFRUC to

fepblacks, ainbthailiksi ng B frame 30 with FRUC frane 34.

ugh_vi sual al Lty may.suffe SO dear ee .
AR s Rl Porah BREa o 8lhel E RITARHR: and in e
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[0067] As shown in FIG 3, B frame 30 may be encoded )
APHAIZptgredesinien. t Whemgnceferpl X selgetssong of sk BifOmedes der encoding
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faspaoeise BRWMk 326rdinglyR&Rdaimhmuanatc30 dacatict h4 tHeaM@ mabde that was

reference buffer for B frane 30 includes P frane 32D.
45 Pt BFHEd 2whi ch of one of the possible reference
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I9YES 540 50 S SR RIS 0B O r

mefidecegneeddrri@nfesan adsptive 6GPpattem. floranadaptaredsOR pktivam dnultiple
erence buffers,. i.e., P franmes 32 and FERUC frane

D S Py SerrLBrng B > ieedad F ¥R gpptent and

pofndepiitlc R FRAUC ramR M8y b&gderatél £tfies @ite hOGIISx SHACRB frame.

macr obl ocks, sub-partitions or subbl ocks, using

HO72kr efs shasrendAbed firanpeprocesmganedubs30 precelises i@pet source video
i.nto an nu of Dbl S as o] VB
R Bk PR e BT R A R TR R pspoC e

picoatdbet@een PHiANRIY40 AN ANDOIThs ABbive betsiktloh BoRkse 308 And P
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Bameptiterft Rdbperatrethe Pgssthlc derondendaelptjonskipafen/a fage 40B.
R‘é&ﬁﬁm@lﬁ fForvdid PAEChEMbFfer for B frame 40B includes P frames 42A-42C

and FRUC frame 44 and the backward reference buffer includes P frame 42D. Although
not illustrated in FIG. 4 with arrows, B frame 40A and B frame 40C may also be
referenced to P frames 44A-44C. Additionally, although not shown, encoder 12 may
interpolate a corresponding FRUC frame for each of B frames 40A and 40C. The
forward reference buffer for each of B frames 40A-40C includes P frames 42A-42C and

the corresponding FRUC frame. In other words, the forward reference buffer for B



such blocks within a B frame may be encoded using
di fferent EA- FRUC nodes dependi ng on applicable
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described in this disclosure. [0068] In general,
subbl ocks may vary across B ft%ame 30, P franes 32, and
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per f ornlq% notion estimation usi ng FRUC frame 34,

Hl%’éber FI1G. YisraftdeaksdipgremoHussratingran cmplg of EéclﬁRUfS_ anpeder 18 in
%%elatg 111 K L{EC?\%I}] ] Oﬁ}pge_ EAa {Eﬂoql gitllr 1n8ﬁ1raes 1) rpél%tl?or?l module

H@tﬂlm s‘é&@ﬁ@{ foaild saeﬁg@lﬂmg n@tatuaa 56, ahd eﬁdaal@rﬁbmn@S& Mode
bl ocks. For ex%£E> encoder 12 may first cal cul ate
Bhing

i‘*ﬁi@%ﬁ%‘be??s ey matieberl gatipn it J4gangante distortion (RD)
pallgl.gkr(% s sﬁ% F% F%np% © %nc8{1%ﬁ\g@gsrgleg \Y %z&lﬂwdes blocks in B

frb8s tkcoiekd froﬂ»@tﬁxdaﬁb(éhcodefab adedtdinigac kse obunplutdiey bf RRUC
&5870] As previously described, encoder 12 selects the
€rence frame and, in the case of FRUC frame 34, the

95 ”Dﬁl%rfaaﬁn@r{‘&eéule %0 %t%ﬁﬁ[@es%[@@@%n%‘atthme time instance

opti m zation deci sion. encoder 12 sel ects one of
adwzeBFﬁ:alu& sodhes H,ousiegk fdineg resaichd loockardarderfcoderel 630n

Do i anpBhoT habk Souhenpiien HERDC GrmE Rl AR fme ndex as

ﬂﬁ@ﬁtﬁﬂhe 3Ad bORr&RUGe MRARC HARE INVBR sUH8nddeeRcRESder 12 generates
[0071] FIG 4 is a diagramillustrating application of

af fFRU@erébﬁ Bi fepaec. f Oging femicd> wh e oxasp e daterppatiogrmodule 50
%Qefr?o a c§ aﬁ[%agletutsﬁfg ranlleré nd 9?‘."“ lve GOP pattern,

[0076] In general, mode selection module 52 selects one of the plurality of FRUC
modes for encoding each block in F,. Mode selection module 52 may, for example,
select the FRUC mode based on an RD optimization decision that uses the results of
motion estimation to balance the requirements of coding bitrate and visual quality loss.
In particular, motion calculation unit 54 performs motion estimation for F, with respect
to each of the possible reference frames. The possible reference frames include the
FRUC frame generated by interpolation module 50 and the non-interpolated video
frames included in the forward and backward reference buffers for the B frame, i.¢., Fy,

F3, and the FRUC frame generated at the same time instance as F, with respect to F,.



B frames may be encoded between nei ghboring P franes
based on the video content and an i ndependent FRUC

w0 e@me13teey be generated at the same tinme i ndexpdDUSBATINS547
B frane. [0072] As shown in FIG 4, franme processing
nmodul e 20 processes input sowtte video streamto
generate B franes 40A-40C and P franes 42A-42D. B

S A- 40 re enc d between.P franmes 44C and ..
R S b R R Ny S R
BtweddHaded bloskd witkinthend @Sﬁ@bﬁdiﬁg BRIEERthin the preceding frame F,
relationships for B frame 40B. Accordingly, the
sisomicat repeFemae FRUG Bpme gengated ahilic saBe iRk ipgdaccps frame Fy.

TR PP R B PRI e
bétivasi videe tloicks ¥itkin B and cbrraspbosag bBcks anindlQAFgadd Bie FRUC

frame 40C may al so be referenced to P franes 44A-44C.
H@#Ft i onal Iy, although not shown, encoder 12 may

{ i :
|878] POR B GIARRARRRITAL Gl E FATR, 6OlsiRAGEN 8] e FRUC
s@dés fof e odmendeckd i€ H, n RDuckdaulRidnremtes A4 & dwade the

t he, correspondi FRUC,.fr In other words, , t )
eI RROng o forsmpectid PRk GoAn Phe it galculation
i8It 5SR1R9 @Qlie&gve'l:ﬂ@g FrRNBfotMShorS \éﬂi}edaﬂﬂmgtiéﬂ’ S¥Bution unit 54 to
42A- 42C; but not UC frame 44 because 'FRUC frane 44

g RPelgpetinsior eadB off thelgRUOBnoden 0 781 exsainds tRIh galowlpiddn unit 55

0

UC npd f di ng. a bl ock w thi f ,
RS R RSt B e o RERR o 8 b ek o B g

escri

exe éptthé Hat FRRICGmbians éth¥ayxdeplgerie caltedtion unit 55 processes the
differently. In particular, the information of P

RPspssiuno@napanzomy mejiopacetendade faydbespcord FREGinagerin an
Bl P B A% B 55 B R0y VD
peiduelr dutanfpr et thivd FREIG matle.om wndnstetrextimpiy, RibecadiUGion unit 55

nmogde based on a RD optini zafion decision remins the
A e %ﬁ%@éﬁ@tﬁl@n oSOl RB o pheS R disdourtd
ERGaSoNe!l |, except that the corresponding FRUC frane,

rather than FRUC frame 44, is used. [0074] FIG 5 is a
(10G8k dRBgrabmiatioh wsitSatcompams thexanptsef die @At faRU®N for cach of

n 18 in greater detail. As . sho ' | G
RIS ien el R e GCe ond Be Ry BBl Cratide Das ninimizes
RAED $64t Bedckion foMaH bigoddd bRCENMor&ShBREIIE KB caldidtion unit 55
encodi ng nodul e 58. Mode sel ection nodul e 52 further

priphig detenabiikion idigativk af srscienicd FB4GAwde ferdhe block. Tn this
BB o b YA RO AR PBR 8! e s winin
fhedrase. r ecei ved from standard encoder 16 according to

one of a plurality of FRUC nodes. )
[0080] Signaling module 56 receives the output and adjusts one or more parameters

accordingly. As previously described, signaling module 56 may, for example, set the
bits provided by the CBP parameter and the MV parameter for a block to either a zero or
nonzero value to indicate the selected FRUC mode. Signaling module 56 may also set
the reference frame encoding field to a value one greater than the pre-defined size of the
forward reference buffer, 1.e., set the field to N instead of N-1, when one of the FRUC
modes is selected. In this manner, decoder 14 can examine the reference frame encoding
field to determine if the corresponding video frame was encoded using a FRUC frame or

a non-interpolated video frame as a reference.



[0075] Interpolation nodule 50 interpolates a FRUC

frane at the sane tine instance as a B frane, such as
wao-200708i1pg P franes received from standard encPdBUSD67/065547

In particular, interpolation nodule 50 interpolates a

FRUC frame at the sane time iddex as the B franme and

generates the FRUC frane in the sane nanner as decoder

Fs3E R Ing et S AT B sl 9B e P Trame

FaFBNodéd adiRg Y SRUL friABRS a Fifer@Aek, H3codeP OF &dn Prbcess the CBP and
gfneral nmode sel ection nmodul e 52 sel ects one of th

\ipainmetgrofor Frbb pekdiesordatele nBisdis gewden! by tprprqmzss the
P Sy P BTNy RO PR o

insesd bhprocesingttse OBPrmt OV paﬁatnenms 1mznn¢rmabaiaame Thmshould be

req i rements of COdI ng bitr sual
eqaﬁsepf%lf: firgt FiRLHC mpde mw%an@a%% I% An uwa id state as defined by

ﬂl%rﬁ 964T§taﬁ&tr il & e%ﬂéﬁw rHQy ﬁBIF ?th‘l‘%q&srhnre%%‘i"ﬁcthe tFeRAG Frame

of the p035| erence e possi ble
ergfodmgrfedd fsrmaresaniined pde to hﬂE ERRand Mivipagererat ed by

B e T N
QuEd shsof 9E FRIORE ﬁoaésqg@eleéte@for chdodifp3a bRBH it P (Etﬁé@f

frame generated at the sane tine instance as F2 with
PreogdEgtmedil 38 pOBTRPs aveidand elap@mhlatrﬁm Uhattis 5mcodlng module 58

enerates notjon vectors re

S REAELRS olBU AR g el PR M S BRIl o i
thoded egedingr Fyramgefiencsubsequent frarre F3, and FRUC
frame generated at the same tine instance as frane F .

MI8Bbn Bl &b abiask digaramsliusiptee yuidep dtems G0csicedpd| according to
t

UL B ReRALUAIR S L BROBL e, YRR AR Blecl e

friime REAIST b2 arfdeo frd BlforRiatioal6dihdtdiog enduded SEiieﬁByntent video

val uat e the resylts, of using each of the F
frame pargg iy OPI18e kY1459 famgend A, R@%ﬁhuétmta$ ?Wriﬁﬁpf FIG. 6, the

2oL vITRY iSbAhMAE4L DE, fn%ﬁHh Eéct&f datShGcEiuAdafa3isiduced by
encodi ng bl ocks in frame’F2. In particular, RD

ctaiodUNgdilmakn iumideo HEMEEHP lseig@cERUélfganmpteypdlhted at the same time

fe;%%@”?@h@ Frlmgﬁ %ﬁo h @eé)clﬂ}[o&na{ll ogzll:est | EE\E%I l%oerl]r I UpLt ed Eefrse}i %n the

BREPMEdc KR ot b@okiﬁig tHOblocROWRRIAGEED fHdie: &P cost
function for a block using no notion vector data and

HY984ksi Asarcvirasly deseribicdevifieq mforrRuon At der a giricmbloth ey video
rarnrr%b ayr\r)l%t %90'11?&' a%ty Irﬁ)% 1ol111nc|ot é)%]? 9513 gtﬁén?aﬁl tv{?:hee € Qlﬁt is

t|on usi ng only seco
&F&!d@edr@ﬁ@g thlerﬁrarFlad@ Intdd@n @llteﬁi@@ﬁ'@ﬂyﬁwdmﬁ@{nﬁﬂbﬁ%ﬂ @6r a given

‘glglcltq rnSa?r nrlJcrh?c%eeosnSl}? fnottlgg VeRc[‘Bof 1(1)1?otrmfaggl(1: E)vlh(e)IT th%s‘tllgc% is encoded using the
second FRUC mode. As another example, video information 64 for a given block may
only include residual data when the block is encoded using the third FRUC mode. As
yet another example, video information 64 for a given block in video frame 60 may
include motion vector data and residual data when the block is encoded using the fourth
FRUC mode. However, video information 64 may be reduced in each of these cases

relative to the video information required when encoding a video frame using a non-

interpolated frame as a reference.



residual data for the third FRUC node. In yet another

exanple, RD calculation unit 55 applies residual data
w@ea7motieeon vector data to the RD cost functi orCT/O82001@65547

fourth FRUC node. [0079] RD cal culation unit 55

conpares the results of the c®st function for each of

the FRUC nodes as well as for Fi and F, and selects

|88 ol TR bR CPACLEERs 1 SR R RE 3P hflac o coo

pithineeb 6DUL RBEG PectdrPatimdidrads, hisd 4 Rdéredel fYBn®partmeter 69. The
sel ected FRUC node for the block. In this manner,

EREaramRcterdting BEiatetcsionpAERCHys OB incadicesPFREeE Hsgeandently for
In(afw{hﬁ?g%lcgg &/ﬁhm thg' "{’I‘Hmte I?S% A6 rQrggtgls 6%'—(%]1%5{6 B9 an existing
nodul e receives e output a adj usts one or nore
pananet éiasisalefiocdinnit yyntdsofaneappticeblly staeined suvhds the H.264
signaling nodule 56 may, for exanple, set the hits

pretrdare bynelwiseddmen sagadd video dRenc: HeeNREiaHEseRDGbin this
fisObQEH e LRIk of Bl R 1oMRIAHEA oKlibia, b eBEhG¥ctimited as

the sel ec Signaling nodule 56 may a
seh. Byasief edentant pammeencadiongdicate whi¢hoFRUCahode wareused for

Phep R EridboRiiy 1R RIS BT Sl Bha e Bralgh Samopprovided

Mdn eriibieh agepf the FRUC nodes is selected. In this
manner, decoder 14 can exani ne the reference frame
HW86HI nly rartedudart © BBeteranmitered 7 dnddiomorecios panadictey 6% jatkewsed for

fra S ded, usi aF franme. or . .
IR B g SEC 0B TR e ok W i g As proviousty
Yhenbéd)eschedTaBIP pgrafmctoT nidi 6hes ptdvate ait Ihedsd b set to a zero
portion of the videg frame was encoded using a FRUC

frdpgrponzsToavales. ehesredingly BB @rrameter & apd geadiog viegler ppmeter 68
SRR AR By ERECCAGR AL RSt 3501 REb e Tl ren

blockieinhdramae) mhy alvFR cnodBPwad nseiloactedr {MV) pafaheaks to

i nst ead _of processi the CBP and W paraneters in a
H@r%ﬂ 1HgisAEFRU rfpg&g%uﬁar%ae%@@&o%gcause the first

99 MORErFRYe BEml RYIBALEIBY 10ARe RO ShalRoBRg field referred
defined by the H 264 standard and decoder 14 nay

torgrevipugy it thissdisdosare. eAcardinglyt teécremfedramrrimetae6? is used to

encodi.ng, fjield.is not am ned, prior ta the
et Blosk s Piie B B0 o1 s Dt oAU oF 2B fHime asa
22ReRRIRS PnARRAIJIAERT MO GhRietas RirtBidhe@NFINKBmMBRE d&oder 14
the FRUC nodes is selected for encodi ng a block in F
C

wevi identiSea blenk idichyerasdiane @Basting encededsbasedpriangiof the non-
YR LR ALy SLE T RO B RS A1
piramdar 9 symiinsberatheém M tb N-1. However, decoder 14 may identify a block in
reference frame 60 as being encoded according to one of the described FRUC modes
when reference parameter 69 is set to N. When reference frame parameter 69 is set to N,
decoder 14 interprets CBP parameter 67 and motion vector parameter 68 to determine
which of the FRUC modes was used for encoding a given block in video frame 60.
[0088] FIG. 7 is a flow chart illustrating a technique for adaptive EA-FRUC. In
general, the technique illustrated in FIG. 7 may be performed by encoder 12 to
selectively encode blocks in a video frame, such as a B frame or P frame, according to

one of a plurality of FRUC modes. The FRUC mode is selected to balance the

requirements of coding bitrate and visual quality loss and reduces the encoding size of



encoded using Fi or F3 as a reference. [0083] FIG 6

is a block diagramillustrating a video frane 60
wepwoded2accor di ng to one of the FRUC nbodes deBCT/UE®A7/065547

in this disclosure. Video frame includes a video franme

header 62, video frame informition 64 including

encoded vi deo content, video frane paraneters 66, and

%Ieéz‘lcgeg%ra{r% <R n%%ﬁ)ﬂ{le 1,rde% ?raglg 1s %I%C8aﬁ;§a1t1§1%a Em%me as a reference.

TBE DELtIEEROC riledcacanrbd id@ifidd alficitaitig antl Sin ls6 @l @gsbcly without
encodi ng bl ocks in video frane 60 using a FRUC frane

insteapipe tha @goding ske. WaustingexisHaeRaragcigrdesneeding figlds

VR TP EAY S5 % SESM SOSER es
vidde ﬁaﬁlkmy&xﬁﬁlnllﬁg)%ﬂod@ﬁe(bpe&maﬁsl ty ddesainke lvddch FRUEanode to

infor tlonbg4 for a given block in video frane 60 may
At °¥ Sr’ﬁ‘)ﬂieé’ﬁie@ Fi%hsati on i nformation when

QI op! Ofke %I%)C/@S@ %RMI PO w! (ErtidrTSE AR PES: enc?der 12

ternativ deo I nformation 64 for "a given
rmylvema: Vidde fr@nie;BOrrEnwninr V2ohpredenfeomndmt fraomeswh erfixe €OP pattern,

oded i d :
Sifien dbPRERE AR g Golf bR Fonish g hois By fFyss can be
Qflc%ﬁgd AW cOhH hﬁb@in%q’eoars@@btgfl@wdje%to%ni’éﬁﬁ nEﬂdBﬁetbi 088 cdsSes the
encoded usi ng he third FRUC node. As yet anot her

@zawpd gidey tﬁ@e@ tp determmme uﬁhe gulep dramg ig R Pefarbé 8¢k 1fithe video frame
enso:te ua‘l-[rg}gg tegg%ga pﬁr%o t I %Iq o\ﬁ%g ! %{ date%c? R the blocks in

freur frimé Ry mqﬁecettmgavﬁame vé aleesfeﬂeﬁé@ rEbian ﬁﬂemf&ﬁm
reduced in each of these cases relative to the video

V#iabinisngth sodiag (Vv Hed B ihemeadshl framgiagd genaratapan Qitay

. j 085] In th
B PANRAY PAR L CE % el £ R TO0L oot or s
B9 Nhcl After encOBf? 1Ramaodsselic B Trama, embdan 2vietimrates a FRUC frame
BB i SR BT SRS e e
Jeh@g flapfle Qﬁﬁg%tlbﬁniﬁﬁltéMh% 'tl‘géjf*’ﬂ{U@l f?eﬁﬁéb%éﬂ%&ﬁmg FRUC

the rame 60. Each of paranmeters 67-6 be "an
axorstatiog upiag amfetreationheithe wistoeco desldP frnmbhee Sha?P dranefenapded in

j | t andar d th 64 dard
FER b e SRR LR R e b R Bt Rt BRGveeR
ﬁ’&gl%dr gd’ friméNi Gtheivaisd, @dder Mhah @cRSMBFHRAIC Ynformation by
licable to the H 264 st andard, " but need not be

ﬁqa g thy ERUG w@fﬁﬂn&}omﬁm@@l wm‘h@rmg é’rw‘t‘ﬁamra@dsts@géheawted FRUC
1n (? I Ca%tog toV\'gen%Part% ne éﬁ? 6’ F & ngo?er l%gnaﬁlnl% oqgtﬁgl%ebll‘lgfi% frame
ﬁﬁﬁlsbﬁa@éﬂwh&eﬁi sinpled® ﬁﬁian iCtrRBtcdBdWeEn neighboring P frames.

[0091] In order to interpolate the FRUC frame, the motion vectors for the P frame
may be stored in a motion vector buffer and the P frame may be reconstructed and stored
in a reconstructed frame buffer. Encoder 12 interpolates a FRUC frame 90 using the
information stored in the motion vector buffer and the reconstructed frame buffer.
Encoder 12 stores the FRUC frame in a buffer 96. When the FRUC frame is stored in
the buffer, encoder 12 may adjust the reference frame encoding field. That is, the size of
the forward reference buffer is increased to N when the FRUC frame is stored in the

buffer to indicate that the FRUC frame is used as a reference frame.



[0086] In particular, CBP paraneter 67 and notion

vector paraneter 68 are used for indicating the FRUC
woreae/1uded to encode a bl ock within video frameCB0S2005065547

previously descri bed, each of CBP paraneters 67 and 68

may provide a bit that can be2ket to a zero and a

nonzero val ue. Accordingly, CBP paraneter 67 and

[Rlsef o BE" Sl PBEEr Famein SO RACBaTY &2 Teaslith SRRl Mo

it @h& Procbdsestss Vided framie tdetemindaveis dil freme’D. GBRn encoder
and notion vector (NW) araneters to indicate

& fi‘fté]fn@ﬁﬁs theg sbe msqeved fv otfrEncris 8 Felteme.ecnspdse stfompgd fame
BeLaLe g ‘%hieéff(g% fﬁa?xé ¥ So?&’é}% rddfdcd fh% ei'hg&ﬁﬁ%eg&eofﬁl@'ﬁeframe,

encoéll n tO previ ous

ehcoderoRUseefords emtidh refintationef0dr fenthe B fra]mre fEatanpdésibl6ference
t di cat bl k d f

Ig;@g;g" e ggqs%e gq%grpgq | %ﬁpsg?g% gpo{ﬁgg\é;lﬂfere gﬁﬁe{rggng%gck%vra?d reference

bl eRG r&ﬁoﬂlf&@cﬂt{&iefhg@w@ Hadlc A Rerh{cBTRstBF 98 is stored in the

referenc For “exa ecoder 14 may 1dentify a
fireeid refereret dufoc e frane 60 as belng encoded based on

RSPt bt o foment STh iy BRCARER Fe i on s Bsahienus 102

ol ée&ch%édéHP #orih 8l bde for BRI &k 1nQE&ﬁQﬁE bt dMhe RD

identify a block in reference frame 60 as being
et detiomd@br Wlﬁhgesp@cfotn ghomotipre esdivantion besa | tFRUCT#od egng the

e er enc er .
ieﬁ jo enc agIC o I‘Encaer ord hte B Prg@leis Seciﬁr 1? pRlléAg gec‘ros‘&ﬁmctlon for
bd&h&if fBtcelt RSUCBH’O&@V ansther wérds AR PrembustNdaseabal, encoder 12 may
paraneter 68 to determ ne which of the FRUC npdes was

pidy thedkD en¥ dundtign 4o gievelermpirikof the plogies cstimgtiongesult that
| .
{; géamg tﬁhegﬂigg&b%}ﬁ'n C’gg%lg the% éelé%c{ ?%(U@%r@det SRS Ie,

eﬂdodsﬁ Iamey app1y bhi$. thd motiyn bectpieinfarmaton b:yculemg dider tht 2notion
to. sel ecti v encode, bl sina V|de frane such as
%S“@l%ﬂpaﬁ%th&e"% ooyt dpetion e E%&@ﬁ RERE e@ﬁ% Bl 25 PoPRYTE {Re results
Of thERPC AR ARR tiod R EEIoBPHE héh-BRpOhRH rirRad ﬁ‘%@ and cach

the requirenents of coding bitrate and visual quality
FREE randk foe thecldSUCHmnentoaldiongire wle clo frivkde tossedkeo 106. abmcoder 12

B8 Bl B Al O TP RO BB PR i e RD

tsleRldctib® thraf it Gl BHed o, Bt mifin® e castRRédues Wetoi¥lesirable
i ncreasing the encoding size, by adjusting existing

BEremiet ers or encoding fields associated with bl ocks

EJMHEG dff{ﬂn Dﬁgﬁg@& ]d45 ﬁlz_illﬁm%efsltl?%ﬁﬁ SO t ]melgt?% o}r Q Elven block,

nco Xam ni

@tﬁfodéﬁ’enepeiffoﬁ‘ﬁ% VI Emtod g \WTitied blaald@cmah@g t®theseletted FRUC mode
decodi ng bl ocks in_the video frane. [008 iﬂ%he process,
1Y

$ Hovithervishengadst | 3 Refernsiorme VECisaged pf Bpblgkusing the

Hected non-interpolated video frame as a reference. Encoder 12 generates an output
bitstream 88 that is transmitted to decoder 14. The output bitstream may be compliant
with the H.264 standard when encoder 12 encodes the B frame using normal VLC
encoding. However, when encoder 12 encodes one or more blocks in the B frame using
one of the described FRUC modes, the output bitstream may not be compliant with the
H.264 standard because of the adjustments made to one or more parameters of the

encoded B frame, such as the CBP and MV parameters.



receives a video frame 80. Encoder 12 mmy receive

video franes in a fixed GOP pattern, such as | BPBPBP,
w@eooanideapt i ve GOP pattern in which multiple BCH/DS 2005065547

can be encoded between nei ghboring P based on the

vi deo content. Encoder 12 pro¥esses the received video

frame to determne if the video frane is a B frane 82.

e video fra [ a B frame, encoder, .12
97 ol LIS B RSB Gt v ERERUE o ghoggerence
frAmt REcdAidd BT idiatRGsddTRorR Ne € esiNRghdn the Brftan@Sis@ncoded according
reference. Encoder 12 then perforns variable |ength

tortiery iRy Cguodsy anhencdrd aediMP prrameteanigr genel mpkesblocks are
BRI SUEGRTTRY.C Bl ShORARE btk ey i nor

esroplites, deb@lcP 1# camefficendpdetodt2hd hitseepal at es a FRUC

frane 90. In particular, encoder 12 interpolates the .
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scaling the FRUC i nformation of both neighboring P
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§8n NObeR cbig 18RIk BRKE 1 BE AHRE flathe [y OHE fiRficated video frame
encoder 12 may adjust the reference frane encodi ng

&9 etaderedealt26i Yhdnhibe séferenaf frathe piremater storaesfasrabedetween 0 and

fer i.s increased to. N when the FRUC frane, is stored
Rl vt B S TR o i Do R e s A RS for
ascoding@h&VRBs Brafcame. [ 0092] After encoding the P frane
in step 84, encoder 12 receives another video frane

HWA8br odewsess, whinsthg refesneq aamae peradistes siordse valuq of N.glegoder 14

B frane 82., W\ ncoder 12 det 1 pes .t hat the
Pt RORA® S pa e S SRR Bor L FRICRRE il s 13 e

fistaEin O BRNY" Mmote tittd ¥t Rodinganere8fctil O bREK Biisel @n the CBP
reduce the encodi ng size of the B frane, encoder 12
ek MO pasampfersol? Oe i thiseBperathe refeeneqigame pargpgtor gyused as a

ﬁ?g%gr W&ét'og&el 4 BT RILRER when the CBP and MV parameters are used normally,

i.., in compliance with the H.264 standard, or to indicate the FRUC mode used for
encoding a block in the video frame. After determining the FRUC mode, decoder 14
can decode the video frame according to the selected FRUC mode, i.¢., the FRUC mode
determine in step 130.

[0099] FIG. 9 is a block diagram illustrating a digital video encoding apparatus 136
for encoding video frames or portions thereof in accordance with an adaptive EA-FRUC

technique described in this disclosure. Digital video encoding apparatus 136 may reside



frame. The possible reference franes are stored in the

forward and backward reference buffers. As previously
walemcnidied, the FRUC frame generated in step 9BCT/BS2007/065547

stored in the forward reference buffer. [0093] Encoder

12 applies a RD cost functior®o the notion estinmation

results 102 and sel ects a FRUC node or normal node for

each bl ock t he RD cost, funct

oMol P us sl LR PRa BB TR AP Bl vty AT beatiiphd 87

paastRl esfwmat g firkvardeahy Mbe&ommeﬁleﬁ em&)ff X shB&n in FIG.

B frame encoder 12 applies the RD cost function for

it videnenrpliie prngesus 130 Benmc uﬂ@@d@oduéesl?pﬁ@wrﬁ@mpl,mng a
Eﬁ erﬁg s §U¢ e%r o% {%%o@lﬂ?llxo tfé}ee §tVlc{eH ?%Heolﬁmg the

e I'nfornati on i on es
FRBIC ftane esparicisnal dshiceaibiad RRD, H@ﬁt&iuldJMZf@r sehectﬁlgml dr more
FRUC m)sé as an exanmpl e, encoder 12 may apply y the

FBHComo cfpb?n@ﬂmaraﬁa@q%ﬁﬁa%ewqrrlﬂ@tfwere@.frﬁ% e%&i fgiein, and a
Rkl gﬁhh o J shﬁ ar fols %]to 1H5‘1%5ﬂe% FROCIRb s ﬁﬁ@@wt%re'ncode the

enco 12 c e results of the RD cost
Yidoe fiame of tport@as thebdonﬁ ek desaribedhlmareinn e sqpoéd etaeaple configurations,

f f F de for the F
ragleciaf T s TS FRbalgon Eiu IS HIG, modue
ﬁmﬂ@ 8b9&pdnd aﬁ)sﬁmlm%c@dm@ RHokBle, s SITFIERYmERGE 142 may

that m nimzes the RDcost function for a given bl ock
errrespenchanbstanimillyetb maghe sklgaisen podeladeof FHe. frvad module 144 may

d b] e | f h d
SRRSO o sletoflid mp bR BT IS ey ook

feeodier FIR 106y 4 bloos dMefanenikiogitig Ldigitdlatiddel d@ekding apparatus 146
according to the selected FRUC node 110. O herw se

@ﬁ@émn&@deéfrﬁmﬁw Pestiors theeef aseded argorioes wradep@ve EA-FRUC
I ney |

REAGud desDbd 1 oIS aBEloSth ) PahIIL BBl MR (8 ay reside

i & sitle@deoo8&, suvhtasivided rdacmm 14 oflFI@ 1decbaey bdﬂeahﬂ'é‘(bby

ut put bitstream may be conpliapt with the H

gl SP AT, B BRI, PP ABAUHHBE COMPIENOR Shscals Ar%gﬁhown in FIG.
I I

2010 VOB NG MMERJE SRV U4 @B

EB&IQ frived aFRIIT Iidessint Pegitlivpleo dbéddstg mmmﬁwyl%caﬂsotreay

G R emrdt o Seiotsine aF ohpe: FRPLHaPEReS grecifat loasta

poreieA 8fa BiditaPiBeo HHHB ad8cdchBedIRPeiaNe g Mdased on one or more
parameters. [0095] In particular, t he out put bitstream

pergmaists foe theatrplaptaanorber afibe etlmded effdep éraene thatandicate the selected

Fﬂg%drlngge fIlneaI gltl n .1 HhISa e0d ef 5(?1 Db dardtds i\%._é&%&y 1ncli] de a module
P iR ARG Gesb i St Hes

asifolr ecddBty anided/Mapaioa @Bﬁt@h&hér@(ﬁf R0Edg toBeSselcRAHRUC mode

ar.e

using the FRUC frame as a reference.

[00101] The techniques described herein may be implemented in hardware, software,

firmware, or any combination thereof. If implemented in software, the techniques may

be realized in part by a computer program product for digital video encoding comprising

a computer-readable medium, wherein the computer-readable medium comprises codes

for causing a computer to execute techniques in accordance with this disclosure. In this

case, the computer-readable medium may comprise random access memory (RAM) such

as synchronous dynamic random access memory (SDRAM), read-only memory (ROM),

non-volatile random access memory (NVRAM), electrically erasable programmable



used to indicate the sel ected FRUC node. Although the

output bitstreamis not conpliant, decoder 14 can
webdo7a1sand | y decode the bitstream [0096] FlI G P@I/US2087/065547

flow chart illustrating a decodlng techni que for

decodi ng vi deo franes encodedzaccordlng to the

adaptlve EA- FRUC t echni ques described in this

FdRpl g QPRSI BRE At BE B TERL AR Broce

ﬂ@g@d@upmggﬁ@d vi deo franes received fron1encoder 14.
The flow chart begi ns when decoder 14 receives an
HHd 82le dThe presrant egfs mapobe ¢Eogvd bypsAMPBELiOE- iRy QIigeor more
S

FREGHER . Al a0 on B o faindl SEAGHod G ATURG L8 purpose
dhédrepratessors S appheatwnds@eclﬁc anegruas cﬁmmtsc(em@@c ﬁeldmmqgrﬁmmable
one of the described FRUC nbdes or encoded u5|n
k¥4 41T HER GA B0V P BTF RPAIRD HECEHed PBARFER 0 Cfatry. In some
Vﬁ)fe@tﬁ &ne Emfcﬁﬁ%ty‘?’ %@Hﬁé@ﬁerélﬁ Jd@@ ithin! deli®ited software

ere Nist er of non-i terpo ate ref erence
fnodntes or Imrdwercfroodsdasdonbferé hareenbodifigand devoduler orlidcorporated in

roc t o decode bl gcks. i e video frane according
P EEREe Ty Pn T EEE iRl BB Ddes. Fowever. i the
[(}%flﬁd]e W@n&ds@ﬁ@dlﬁé‘étmh% HeSnd RS thcedhnNdes dQs%ﬁQQ&thMut

decodes bl ocks in the video frane u5|n£V he i ndi cat ed
J¢raeiong fremmshessope pithe feliyeng zblmw\zéepw Gglb’eﬁlé rsemféc aSpectS

raneter stores a val
SR PRloR T ot AR R tuBF Sty e lintiokierdins
used as a reference for encoding the video frane.
[ 0098] However, when the reference frane paraneter
stores a value of N, decoder 14 exam nes the CBP and
W paraneters for each block of the video frane 128
and determ nes the FRUC node used for encoding the
respective block based on the CBP and MV paraneters
130. In this manner, the reference frane paraneter is
used as a trigger by decoder 14 to determ ne when the
CBP and W paraneters are used normally, i.e., in
conpliance with the H 264 standard, or to indicate the
FRUC node used for encoding a block in the video
frame. After determ ning the FRUC node, decoder 14 can
decode the video franme according to the sel ected FRUC
node, i.e., the FRUC node determ ne in step 130.
[0099] FIG 9 is a block diagramillustrating a
digital video encodi ng apparatus 136 for encodi ng
video frames or portions thereof in accordance with an
adapti ve EA- FRUC



techni que described in this disclosure. Digital video
encodi ng apparatus 136 may residein a video encoder,
wGeemh/1sd2ei deo encoder 12 of FIG 1, and rmay bBCT/US2007/065547
realized by hardware, software, or firmware, or any
sui tabl e combination thereof.2§s shown in FIG 9,
digital video encodi ng apparatus 136 nmay include a
nodul e 138 for interpolati ERUC franme as descri bed
herein, a nodule 140 for eggﬁgpﬂ: a video frane using
the FRUC frane as a reference as described herein, a
nmodul e 142 for selecting one or nore FRUC nodes for
&ncodi ng dagital yislso epepdingomethed cowArisingr eof as descri bed

her ei n, LS to

|nd|catea9ﬁﬂaﬁg%gﬁgggkﬁé é@é‘?%bgﬁbgﬁgcfﬁggv, gb frame

or por t¢mpdinghetcasfa sticlestts vides frive @king thaFROGHrame as a

Iéf%anple configurations, nodule 138 nay correspond
Hst&ntially to interpolation nodule 50 of FIG 5,

modul e ée‘ff&nﬁgiﬂn& 8f4 ﬁﬁlpﬂgﬁ oPFREANLIRIbMHE 9t RRG %%Pt?on of the

nodul e 58 of ule 142 may correspond

aubdﬁhﬂwﬁaﬁhymtmuhnde sel ection nodule 52 of FIG 5,

and nodul.e 144 corres ond st tlal
o gnal | {1 O NG OLE0G PIERESCE o G5 H0BSIR rEHdbof e gncoded
Bldes Krafhcag iidakd theStiea@bd PRUT Abgd.t al V' deo decoding
apparatus 146 for decodi ng video franes or portions
t hereof encoded accordi ng an adaptive EA-FRUC

echni g de cr| e t osure.
%eco di ngﬁea 5% B ng lglﬂg E%relrnessel 81[1n$ Qne of a]%} rath?e%fv 129@8 modes

ﬂbhs'ég sMbdﬁfg oe @@d@[urél‘ﬂt @f FRIUG mbdeafd€l atByst Bee of a plurality of
realized by hardware, software, or firmwvare, or any

blgrksamithing caded vdcae frameomd adisipg AR PMEEc@arapgeters comprises

ARk RO RRAEAS ARRALELRBRAIR, TR TOLUEI g i
therseicoted BREIG alody fadehe depadvayloakpar at us 146 al so may

i nclude a nodul e 150 for selecting one or nore FRUC
nodes to decode at |east a portion of a digital video

§rame aphdestbl Q? dlalif Db Rerchr BjustiR@SRLoLRR R BhctBRBmprises
paranmeters for the at |east a portlon of the encoded

sdjdemefa aded bloak pautﬂjn ¢GBR) pdremstet et ohoFRUG @I V) parameter

it e blstiks @ adis b RERBUTR e i eo ™ rame or

portion thereof according to the selected FRUC node
using the FRUC frame as a reference. [00101] The
techni qllesmgded of bl@un Aefusthar myprtfeng wﬁmﬁbﬁ 8F nagameter to zero

I%{é tr W%{l@ Pk amet[ VI\‘@ erﬁ t 0e 01{8{\%&8 % F { a@x steﬁlngttﬂe {;{B%n ararneter to zero

neythb @1V @afalnie@ed td) A npAfdro ba’luatcﬁmﬂiwteefsepdirﬁﬁmaﬁ@ @étﬁdglﬂie CBP
for digital video encodi ng conprising
PHRABGICE O ¢ RAVSK W lyseand fhe %@%@@r@pﬁte@r %zero to indicate a third mode, and

geq{%]ﬁl@ %erﬁﬁé‘rﬁkt%r {Beadﬁd{ﬁbl%%mel a%ﬁ%hé:mﬁﬁarameter to a nonzero value

to indicate a fourth mode.

5. The method of claim 1, wherein selecting one of a plurality of FRUC modes
comprises selecting one of the FRUC modes based on a rate distortion optimization

decision.



for causing a conputer to execute techniques in
accordance with this disclosure. In this case, the
w@epataee r eadabl e medi um may conpri se random BCDESH07/065547
menory (RAM such as synchronous dynam c random access
menory (SDRAM), read-only memty (ROM), non-volatile
random access nenory (NVRAM, electrically erasable

mgnet | IRCPeBRRe a4t BB Rt 3R Ribtion n he

51%&@(2}/1@_@ ﬁaﬁ’l”e 0@1’1&%&@@ 1008 fHien £%68 CYiPeiskyhoresidual information
conput er, g one Oor nore processors, such as one
@] in

ad mometion e @iﬂ@ﬁ%ﬂ’n for s destgunds, roEPR yectefein&ratation for a
3O [
D RE B D B AR BRI ol R BB Th S BE L FyeL infgymation and
ﬁbﬁaySedﬁﬁmmﬁmmnamﬁﬁmhémﬂemudwalent i ntegrated or
di screte logic circuitry. In sonme aspects, the
functionality described herein may be provided within
dedi cat gqisp L1REE %&f;&gg Pl ERhIRIG: modul es
conflguredafor encg I n %%a dgkogghgr% i ncor por at ed
i n a coabintepblyiichenoduic due micpclatiern f(?ﬁ@ﬁ@)up ¢d@8E68In (FRUC)
gys nodi ficati ons may be nmade to the techni ques
H §% F0éd wi t hout departing fromthe scope of the
f ol | oW fiferfeb@inBBnoECBRCINIBHS at IdAS SRBESE bfa ai%lB@ ﬁ{aﬁle using the
descri bed above, and other aspects are within th
EBb%bﬁ@ﬁe@h@Kﬂ@tn®Mnng clalns CLAIMS 1. A dlgltal
vi deo enco et od I Si |nter olat
rame ransos poed R SRR Kt s PRl Bt g modes
&r theeaSéasta p@mﬁah@ﬁﬂ&fenaodedde&ofﬁm aual ng the FRUC
frane as a reference; selecting one of a pluraljty of
FRUC mpdigignsloe modulathat edigtts @nep@rm@ré rpa@ﬂnqtéﬁé fartbottdepst a
s for
P08 ! 8 TR0 BB kAR Bhofie M KRCRITABCRIZES 1o
i ndicate the sel ected FRUC node. 2. The met hod of
aim1. wherein selectln one of a rality of FRUC
gmdes c b #nreusd| by T s o g mods %# fion 9106\4 CpERigets one of a
?Hijaq Ry HPERBE ﬁl@@eﬁtfopaﬁ%a@{ oﬁ% JHa (L]H I@alifyYofMlodRk AGHSn Welhidled
he encoded vi deo frane, Justlng one or nore
mdc(a fretner sndctberpighsles radqhus aciljngs oneonmorgrRrenpdera reeragd with

FEAURUTE oA B S oRoT REUC IR P T bl B GRS

The met hod of claim 2, wherein adjusting one or nore

garaneters conprlses
. The apparatus of claim 8, wherein the signaling module adjusts a coded block

pattern (CBP) parameter and a motion vector (MV) parameter for each of the blocks to

indicate the selected FRUC mode.

10. The apparatus of claim 9, wherein the signaling module sets the CBP
parameter to zero and the MV parameter to zero to indicate a first mode, sets the CBP
parameter to zero and the MV parameter to a nonzero value to indicate a second mode,
sets the CBP parameter to a nonzero value and the MV parameter to zero to indicate a
third mode, and sets the CBP parameter to a nonzero value and the MV parameter to a

nonzero value to indicate a fourth mode.



adjusting a coded block pattern (CBP) paraneter and a
noti on vector (M) paraneter for each of the blocks to
w0 pai7asties t he sel ected FRUC node. 4. The net hoRCD1S2007/065547
claim 3, further conprising setting the CBP paraneter
to zero and the W paraneter b zero to indicate a
first node, setting the CBP paraneter to zero and the

par ter t nzeyo.valu
a0 ST gt b AR, S et e s BT g B S8R e of
thReFRVIC RaydasrBised oh @ raeldistdréioh BefieahBoRdédNisdl node, and
setting the CBP paraneter to a nonzero value and the

MV paraneter to a nonzero value to indicate a fourth

‘de. SThd, ty oshéjr%ﬁé Iuglefgu}thev@ﬂg&ﬁhé]m%ﬁ{ll%q{lélﬂ&s%c?de

or a pI ura rrses-sel ect
piforintaeiofr UG e ron dede d hadve draoine, a/hle&hletlﬂlrﬁddmhfomnatlon comprises no
i iml

opt|n1z ti on decjsion..6. The thod o
fesiduplp %@ﬁﬁ?li‘ %Iilcjn%f WHEPIEIH?%‘& afiQfF {r;;tdﬂodenn{oﬁgn vector
ﬁﬁ&‘ﬂg&%gn \féndaeéécf)ﬂ%d & #lﬁill ﬁlf&%tl’gﬁ ‘%@r d t'ﬁﬁrﬁrnﬁ'@cfe' Y both residual

conprises no resid ormati on and no notion vector
inféroratmat iand nfobipn aecftolr mformatien faoratfoorth wedt.or
information for a second npde, residual information
for a third node, and both residual informati on and

MPti on XepdQksor rf&oern@@&hg Glgﬁt@f vided @44 the HR)@@SSOF benfg configured to
di gital video encoding apparatus conprising

intarpelpts] aaﬁrar@mraﬁmmb@nwersa@n Gﬁlﬁlé@)p‘oﬂ ame, emrc@dﬁeatrl%mstea portion of

Y REO BRI Y HRER: § o R GRGRE oF PuliRetiPriruc

tdaediRBthel 4t 8ot Agordot 6f BE @NERIed &id¥OdRINES h@d:&dj 04 of® dﬂin@re
that selects one of a plurality of FRUC nodes for the

Baramgtigss fop theat {9agip pefrtiomal thp ebepsgd vidge dramedapndigaielthe selected
'gﬁg:' nodul e that adjusts one or nore paraneters

ER' é&gt | east a portion in the encoded video frane

to indicate the selected FRUC node. 8. The apparatus

f claim?7, wherein the d el.ection nodul e sel ects
g‘he of A BMPMEF PFQEryR pm{ﬁ% ﬁe%agétalr YrleognqodngCopRESHE: 4
pl ur al péyp &Er-@aeé’ché rn\%fum Porh i GRES tbr\eh 88 § E@RButer to:

and the S|gna i ng nodul e adjusts one or nore
par anmet Btspalstsadranecitant-boraacsipnoff RLKE) hilactamt;o

i ndicate the sel ected. FR de. for the,r ive
bl ocke. Sto0GHECE B RPRioHT G RPaGus i SR Fatne as o
&f@Badd ng nodul e adj usts a coded bl ock

select one of a plurality of FRUC modes for the at least a portion of the
encoded video frame; and

adjust one or more parameters for the at least a portion of the encoded video

frame to indicate the selected FRUC mode.

15. A digital video encoding apparatus comprising:
means for interpolating a frame rate up-conversion (FRUC) video frame;
means for encoding at least a portion of a video frame using the FRUC frame
as a reference;
means for selecting one of a plurality of FRUC modes for the at least a portion

of the encoded video frame; and



pattern (CBP) paraneter and a notion vector (MW)
paraneter for each of the blocks to indicate the
w@edoeataes FRUC node. 10. The apparatus of cl ai P€BUS2007/065547
wherein the signaling nodule sets the CBP paraneter to
zero and the W/ paraneter to ¥ero to indicate a first
node, sets the CBP paramster to zero and the W
par amet erar{s% i S val oFe ta?ai CLCr, 1&1 %Ctoando jon of the
mode, setsd parafeterc ¥ova SEroL s A Krtla hovto
tMRddVvidas ﬁﬁﬁ‘ﬁe% ifd@caZeth® sélectedHRTAL @ode.t hi rd node, and
sets the CBP paraneter to a nonzero value and the W
paranmeter to a nonzero val ue to indicate a fourth

se?gctl }onT%%S fac églet lgf Bv(rl:ll htZ ﬁ%%ﬁﬁ:sge@@ ‘g% T g plurality

of FRUCahedod |csmpﬁsesoneamptfcbmelkaﬁmg)dsnedffcal dinatity dfFERU@enodes for at
ppar at f clai wherejn the ncodi_.ng nodu

£ iongesa 2 ety of gh%h% VBRI the eredemEigae fraie duyl 4*? Hieans for

%.:11? rbn% Q)? H{B'Pg ﬁarhﬁ%@fs‘%trﬂﬂ?ﬁe§ﬁﬁ%{s 1e §d ﬁ‘ﬁlng %f’ﬂ? ‘35" ﬁlaore parameters

frat i on and no notion vector 1n
ﬁssostttedmd‘él, canin bf thia bleeks mlndro:ht@rthmalmﬂed RUE rs@ttecﬁodthe respective
F‘D residual information for a third node, and both
'9&kual i nformation and notion vector information for
a fourth node. 13. A processor for encoding digital
vi deo data, the processor being configured to
ﬂ?}t er polka epardtysofelaint 6, mhe@@mhe maians) fO(r ramy@)mg/@@e@ more

d
BHSI' Ialil]lafe{ﬁi ) %ﬁﬁ%&@a%llﬁalﬁe or a(? %.ang fa g%(g glOC C %‘ﬁﬁfﬁ%rameter and a

Plotib@kbdtyr (MV]:ﬁiﬂQnB@ﬂ&ﬁr cheél oftthe bvekd t@&ﬁdlcﬂe By dele@t dFRUC
the encoded video frame, and adjust one or nore

pefaneters for the at least a portion of the encoded
video franme to indicate the selected FRUC node. 14. A
comput er program product for digital video encoding

tonpr i sThygapparatengfidam I7e adeiet eompdlingmeamylbt sdtihg the CBP
codes for caus a_conputer to: interpolate a frane
PURRGHICEHY él}%ﬁh% MY PREE) et R ggrorte émiécat% Beianode. heans for

&Rtk VB arfm¥e AR, f8 MY M‘{/‘%altaﬁfeté: RGO ZRTR 1ﬂ§1c§te a second
ref erence; select one of a Ity of FRUC nodes for

tode,atcdne &ﬂtsealngdihct CBR p@farmdn@ te nowabesland e MV rparmqet@md zero to

t
B 08 mions” iR R T d R hEE Gt E R o fyrg and the MV
pah@eleeth MR roBdRicate a fourth mode.

19. The apparatus of claim 15, wherein the means for selecting one of a plurality
of FRUC modes comprises means for selecting one of the FRUC modes based on a rate

distortion optimization decision.

20. A digital video decoding method comprising:

interpolating a frame rate up-conversion (FRUC) video frame;

selecting one of a plurality of FRUC modes to decode at least a portion of an
encoded video frame based on one or more parameters for the at least a portion of the
encoded video frame that indicate the selected FRUC mode; and

decoding the at least a portion of the encoded video frame according to the

selected FRUC mode using the interpolated FRUC frame as a reference.



15. A digital video encodi ng apparatus conpri sing:
nmeans for interpolating a frame rate up-conversion
W@ BRZT) 5196 deo frame; neans for encodi ng at | eaBCT/HS2007/065547
portion of a video frame using the FRUC frane as a
ref erence; neans for selectihgzone of a plurality of
FRUC nodes for the at |least a portion of the encoded

| deo frame;  and ns ,for, adj usting one Or  nor.
%%r amet Spemphodof CRitE 2%‘5%?“ SBfSFttl gt AL S FRIC modes
Vorfimesch E@bRing@nk ek @ﬁir@litg e FrReIEabesk oRMGcaPdRe oflbplurality of
The apparatus of claim1l5, wherein the neans for

Blorkscvithig teencegedvigpq framps WheseinoReior modkBaraBaisks aseeciated with

PRI 055 0L AP PP S S

encoded video frane, and the neans for adjusting one

or nore_paraneters conprises neans for adjusting one
& or T HAMAHEE OF 248 s boy breil 1F PHABSH B pHEaB R elscted

FRU‘C“ﬂb&ei‘%cﬁnﬁrﬁr‘]k% SRUEFHBEK FiRm F@I@m %%%m%@aﬂﬁﬁ%ﬁ&ﬁ Yé&tor

bl ocks. . e apparatus of c erein the
Mdan pafaorcteadprusth nfthodocks. nore paraneters conpri ses
nmeans for adjusting a coded bl ock pattern (CBP)
paranmeter and a notion vector (MW) paraneter for each

of. the Phogkol of LRt 0l whdrbia tBECBPIRhNTIRGs BRA8 zerd&nd the MV
The apparatus of claim17, further conprising means

parmget 8¢theyzerh¢o DR afsag rsemerde.tthe £BP@agaactertie sqio zero and the

aneter to ro to indicate a first e ans_f.or.
BB BT Rer  ebB Bk Soet Hif@®o SeBhd oo P S P AR st o
hénZBaNaRIthe MV badh@at & @t KEREH D RO B sdderand the CBP
setting the CBP paraneter to nonzero and the W
PHARRSE Brsct © neargyorpd thedViYapasargetenis sef thpgezere fyindisates fourth
[Qhesetting the CBP paraneter to nonzero and the W
paranmeter to nonzero to indicate a fourth node. 19.
The apparatus of claim 15, wherein the neans for

I ti f I ljty. FR I [
3Ec! 00 Qaedr RPbdb bbb e imacs BERHES mode
ﬁﬁ&%la@ibﬁ,t@ﬁé_réiﬂ%é’ﬁhhéﬂrﬁ%ﬂa@iﬁn dsmbRtQMo r2Qdudhitfofthdtfn and no

vi deo decodi ng nethod conprising: interpolating a
fotine ve@orinfqpmedo r sifost riddRUGtenh dedof méorelatise ferct seognd

%ﬁ?,&%ﬁa@ﬁ lirﬁhlanlleilt}o% f‘o)lt a El%ldcmg(?e? ggd {)ooth ?ees(lzc?u%?in?’émlla%%lsltang motion

vector information for a fourth mode.

25. A digital video decoding apparatus comprising:

an interpolation module that interpolates a frame rate up-conversion (FRUC)
video frame;

a mode selection module that selects one of a plurality of FRUC modes to
decode at least a portion of an encoded video frame based on one or more parameters for
the at least a portion of the encoded video frame that indicate the selected FRUC mode;
and

a decoding module that decodes the at least a portion of the encoded video
frame according to the selected FRUC mode using the interpolated FRUC frame as a

reference.
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30. A processor for decoding digital video data, the processor being configured to:

interpolate a frame rate up-conversion (FRUC) video frame;

select one of a plurality of FRUC modes to decode at least a portion of an
encoded video frame based on one or more parameters for the at least a portion of the
encoded video frame that indicate the selected FRUC mode; and

decode the at least a portion of the encoded video frame according to the

selected FRUC mode using the interpolated FRUC frame as a reference.

31. A computer program product for digital video decoding comprising::
a computer-readable medium comprising codes for causing a computer to:

interpolate a frame rate up-conversion (FRUC) video frame;
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node. 30. A processor for decoding digital video data,

t he processor being configured to: interpolate a frane
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35. The apparatus of claim 34, wherein the CBP parameter is set to zero and the
MYV parameter set to zero to indicate a first mode, the CBP parameter is set to zero and
the MV parameter is set to nonzero to indicate a second mode, the CBP parameter is set
to nonzero and the MV parameter is set to zero to indicate a third mode, and the CBP
parameter is set to nonzero and the MV parameter is set to nonzero to indicate a fourth

mode.

36. The apparatus of claim 32, wherein the encoded video frame includes mode

information, wherein the mode information comprises no residual information and no
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Fockoranipamadoroter gheurdy magt-e paraneters for the at |east
a portion of the encoded video frane that indicate the
sel ected FRUC node; and neans for decodi ng the at

| east a portion of the encoded video frane according
to the sel ected FRUC node using the interpol ated FRUC
franme as a reference. 33. The apparatus of claim 32,
wherein the nmeans for selecting one of a plurality of
FRUC nodes conprises neans for selecting one of a
plurality of FRUC nodes for at |east one of a
plurality of blocks within the encoded video frane,
and wherein one or nore paraneters associated with
each of the bl ocks indicates the sel ected FRUC node
for the respective blocks. 34. The apparatus of claim
33, wherein the paraneters that indicate the sel ected
FRUC node conprise a coded bl ock pattern (CBP)
paraneter and a notion vector (M) paraneter for each
of the blocks. 35. The apparatus of claim 34, wherein
the CBP paraneter is set to zero and the MW paraneter
set to zero to indicate a first node, the CBP
paraneter is set to zero and the M/ paraneter is set
to nonzero to indicate a second node, the CBP
paraneter is set to nonzero and the M/ paraneter is
set to zero to indicate a third node, and the CBP
paraneter is set to nonzero and the M/ paraneter is
set to nonzero to indicate a fourth node. 36. The
apparatus of claim 32, wherein the encoded video frane
i ncl udes node information, wherein the node

i nformati on conprises no residual information and
nonotion vector information for a first node, notion
vector information for a second node, residua
information for a third node, and both residua

i nformati on and notion vector information for a fourth
node.



