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NON-II':RO R(R)NI)IN(1 INI) PRKI)1(,'1 ION
MOI)K Sl'.I.ECTION'ECHNIQUES LN VH)KO

ENCODING

[00011 Thc lollowing co-pending and cnmmonly ass&grind

application is cxprcssly incorporated hcrcui by refcrencc:
"Nnn-/urn Rnimd&ng Anil I're&heron Mode Selection Iech-
niques In Video Encodinv*'iled on the came &Lay as this
application for Ivlarta Karczcwicz, Pei song Choo and Yen Ye.
and bearing Attomcy L)ocket Number 08206')LH.

TECHNICAL FIELD

[UUU21 i he disclosure relates to video cncodiuv nnd morc
particularly, vidhx& encoding techniquiw that use bi-direc-
tional prediction.

HA('KLIK()L)M)

[00031 Digital inulurnodia oap &bilious can be incorpont J
into a wide rance of devices including divital televisionw
digital direct broadcast systems, ivireless coiumunicatiou
dovic s, wireless broadcast systems, personal d&g&nal assis-
umts (PDAs)i laptop or desktop computers, digital cameras,
digital rexirdm twice&. video gamng devices video game
consoles, cellular or satellite radio telephones, &hgital media
pkiyers, and the like. Digital iuultimedia devices may imple-
ment video coding teclmiques, such as MPEL)-2. ITL)-H 263,
MPI &G«k or ITH-H.26JVMPEG-U Part 10. Advanced Video
(.&&Jlllg [AV( ), t&i tl alii&&l it a&id I'ece&ve &1&'t&&&'e,il&d I'et&leva

digital video &Lsta nore efficiently. Video encoduig, tech-
&i&&luis illa) perfortn video con&pres&ion via spatial and &cni-

poml prediction t&i red&me or remiwe rerlundancy nherent n
video sequences.

[00041 In video encoding, &he co&npression ot&en incli&Jes

spatial preJiction. motion estimation and motion compensa-
tnm Intra-cnihng rehes on spannf preibction and tran fiirm

coduig. uch as discrete cosine transform [DCT), to reduce or
rcmove spaual rcduudaucy bctivccn video blocks within a

8&veau&den frmne Inter-coding relies on temporal prediction
and transform coding to reduce or remove temporal re&hm-

dancy betv een video blocks &it'successive video frainei of a

video sequence. Irnra-coded fnmcs 1"I-fcames*'1 arc often
used as random access points as well as rct'mences for the
mtez-coduig of other frnmes I-Irames however. &yt«cally
exhibit less compression than other frmues. The tenn I-units
may refi r to I-frumei, I-ili«'i &lf &iiher u&d& pendently decod-
able portions of an i-franc.
[00061 For i&acr-coduig. a viJco cncodcr peri)irma motion
estimation to track the movement of matching video blocks
beiween twn or nore,«))&&cent lrames or & ther n«led &mi&N

such as slices of frames. Inter-coded frames niay include
pi« Jictiie I)ames ['P-I)ames")i which may iimlude blocks
prcdictcd lrom a previous tnmc. and 6&direct«&no) prcdictivc
frame& f"B-frau&ex'). &vluch may include blocks predicted
from u previous frimie iir«l a sulis x)vent fi:une ol' video
s&x)uence. The tenn& P-fiames and B-I'mmes are somewlmt
historic ui the sense that early coding tecludques limited
prcdiction in specific directions Ncwcr coding formats and
standards may not limit the prediction du ection of P-h ames
or B-frail&ex. ill&&a, &lio ierru "bi-direcuunal" uow refers to
predictionbasedontv;o ormorelistsofreferencedataregarJ-
less of the temporal relationship of such refereuce data rela-
tive to thc data being codcdl

[t)t)t)6[ ('nni&sient with ne&ver video stim&L&rJs such as ill)
H 264, for cxamplc bi-directional prcdiction may b- based
on nvo different lists whicli do not necessarily need to lmve
daiu tiuii r iidcw temporally b fiire md aller the currcni valeo
block. In other words, l3-video blocks may be predicted from
tv o lists of data, wluch may correspond to data from two
previous frames, twn subscqucnt fraiucs. or onc pnwious
frame and one subscqueni fiami, Iucontrast, P-video blocks
ure pret&cled based nn nne i&xi, i e., one 8 ii i structure, which

nay correspond to one predictive frame. e.g.. one previous
frame or one subsequent frame. B-frames and P-t'rarnes ruay
be more gellerally referred to as P-&mits and B-units. P-iuuts
and B-uuiis may also bc &valizcd in smaller cods«I uniL&, iuch

sl&ceinl lrnuesnrpnrinmsol lnmies H-un&&am &y mclude
B-video blocks. P-video blocks or I-video blocks. P-umts
iui&y include P-video blocks ur I-vid&xi blocks. I-units iuay
iucliule only I-video blocl's
[0007[ For P- and B-video blocks, motion estimation gen-
erates motion vectors, which md&cate the displaceuient of the
vide«& Hocks relative to concwpondng pre&hction video
blocks iu predictive refvrei ice fran&cfs) or other cuJcd umL&.

Motinn &x&u&pensation uses the motion vecrors to gnierate
prediction video blocks &om the pivdictive reference fiame
(s) or nther coded units. After motion compensation. a

residual video block is fortned by subtracung the prediction
video bkwk frmn the ortgi&ial video block to be coded. Tire
video encoder usually applies transform, qumitization and
entropy codiu pncesses to further &educe the bit rate asso-
cmtixl with conunurucation &f the residual block I-and
P-unit& arc comnionly u. ed to define reference blocks for the
mter-coding of P- nnd H-unti.

SHMlvLLRY

[0008[ This disclosure describes video encnding md
deco&bn techniques applicable ro bi-dircctiorud predicuou.
In bi-directional predictioni a video block may b- prccdli-

uvely encoded and decoded based on& nvo d&gerent bst» of
pre&hctive reference data. In one aspect of this disclosure,
&cclmiquc» arc dcscribcd fo& sclocting among dolault
weighted prediction, implimt weighted predicrioa, m&J

explicit weiglited prediction. In this context. teclniques are
also described fi&raddm offset to predimion dnta, e.g, using
ihe format of ixp lie it wcightcd predict ma to allow I'or offsets
to predictiv- data tint is otherwise defined by implicit or
detault v eighted prediction
[t)t)t)9[ Inoiie example, tins disclosure dcscnbcs a method
ol encoding video data rhc mcrhod comprising selecting
between default v eighted prediction and inqilicit weighted
pndiction, up&n selecting deinuli iveighied preJic&io,

si l ieu ng bet« sin exp bc it weighted prediction based on cal-
culat&xl iveights mid explicit weighted prediction based on
&vcights dclincd by thc dclault v cightcd prnlictiou, upnn
selecting implicit weighted prediction. selecting between
explicit «eiglued predicti&n based on calcu lu&ed weigh Ls und
explicit v'eighted prediction be&ed on v eights defined by the
iuiplic&t weighted prediction, and encoding the video data
usuiv w cighcd prcdiction data dctincd by tlm sclcctions.

[0010[ In another exmupl-, tins disclosure describes a
video cllcndcr apparatu that cncodcs vidcn data. tlic video
encoder apparams comprising a meiuory that stores the video
di&u«, nu) u uiotniu cornpeiwauoii &aut &luii selects bet&veen

defau it weighted prediction and implicit iveigirtc«I prediction.
upon selecting default weighted predict&nn, selects between

explicit wc ighrcd predict inn based ou calculated weights nnd
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explicu ivm btedpredicinin baieJon ivei bii Jeline&lby ibe
d fault wcightcd prcdiction, upon sclccring implicit iv ivdhtcd

preJictioii. selecis botiveeih explicit ivehghtml pic&lich)on
IxhscJ &lli cd)chil&dec &vchv&hs i&hid explicit &vchgh«xf prmliciiim
based on &v eights defined by the implicit weighted prediction,
wherem the mdeu encoder apparatus encodes the video data
using ii cighcd prcdictiou dnta dcfincd by thc selections

[00111 In another exempli, &his disclosure dcscribcs a
dm ice that mhcodes i ideo data, the device co) mprising means
for selecting benveen default v eighted prediction and
implici& weighted preC)ethos, upon sel aciuh default &vohphtod

prediction. mimns for selecting betivcen explicit ivmght d

predictinn based on calcu lated iveights and explicit iveighted
prediction based on weights defused by the default iveighted
prediction. upon selecting implicit weighted prediction,
means for selecting between explicit scag)hied prnlictfou
Ixiie Inn milculated iveidhts and expltcu iveighted pml&c&hon

based on weights defined by the implicit v eight ed prediction,
aud mean~ for encodhn the mdeo data usuig weighed predic
tion data defined by the selections.

[00121 The techniques described in this disclosure nmy be
implemented in bardw &re, iofiivare, fir&nware, or any ciimbi-
nathon thereof If unplemeuted in software. the sofiware may
bc executei in onc or more processors, such as a micropro-
cessor, applicati&1&1 specific &ntegrahed circus (ASI('). Iiel&l

pmgrammable gate array (I'P(IA), or digital sigh&nal processor
(DSP). The softv,nre that m&ecutes the techniques may be

initially stored in a computer-readable hncxfiuhu and loaded
and executed ui the pmcessor

(00131 Ace&i&'ii&1 I)& tliis disci&&shire «Is&i c&1&lteillplaics a

computer-readable storage medium comprising instructions
that when oxccu&cd cause a processor to select bctv&ccn

default n sighted prediciionand implmtt v sighted prediction,
upon selecting default weighted prediction. select between
explirit weighted preC&ct&ori based mr calculated iveigbti «rid

explicit wcightcd prcC)crion based on ivcivdus dctincd by tlic
dcfau h weighied prediction, upon selecting implicit ivcighted
prediction. select bet&yacht explicit weighted prerbcnon based
on calculated iveights and explicit weighted pre&bet&on based
mi v,ci hti dofinod by &be imphcit i&vip)«ed prcdicism, srxl
cucodc &hc video dnta using i»cighcd prcdi& ti&hn &bitn dclincd
by the selections.

[00141 Thedeta&lsofnneormoreaspectsofthedisclosure
ar- sct forth in th- accompanying draivings and thc descrip-
tion beloiv. Other features, objeits, and advantages of the
&ecbiiquei &leven bed in &lus disc)i&sure ivi) 1 be app:iran& from
the description and drav ings, and from the claims.

BRFRF f)I&S('Iil frf(ON (')I" I')IIAWIN(hg

[0015J 1&I(i. I isa block diagram illustrating one exemplary
video encoC&ng aud decoC&ng system that mav unplmuent
tccluiiqucs of this disclosure.

[00161 I'l(i. 2 is a bkxk diaghmm illustrating m exmnple of
a video encoder that nmy perform offset tecluuques conshs-
tcnr ivith this Chsclosurc.

[0017J FIO. 3 is a block diagmhu illustmting an example of
s m& iron compeiimi ii&m nni& in more detail

[00181 I'I(i. 4 is an example of a video decoder that may
per ioim ofi set iecbmquei cnnm iten& w hib Ibis diic Insure.

[0019) I'I(i. 5 is a fioii chart illustrating an exemplary pro-
cess pe&for&hi&xi by a video encoder consistent with tlfis dhs-

C)OS&it'C

[0020[ I&I(i. 6 ii u flow cb«r& illuslrih&mg an exemplary pn&
ccis perform d by a video decoder consisrcnt with &itis dis-
closure.
[0021( bl(1 7 i. s lluw c)iihr(illusini&iug &motherexerupl«ry
process performed by a video encoder consiinent v ith this
Chsclusuhe.

DL'TAILL'D DL'SCRIPTION

[0&)22[ This Cksclosure describes video eticoduhg and
dcco&bng tcchniqucs npplicablc &o bi-directional prcdiction.
In bi-directional prediction. a video block is prcvlictively
encode I dml &la oded b iie I on Iv o &lifl'cren& lists ol predic-
tive reference data. In one aspect of this disclo ure, rounding
«djustiuents io bi-directional pr&xfic&ivc data may bc pur-
poiely elnnina&e&l ui provnle pre&hctive dais &ha& lac)(s miy
rounding bias. Iu this case. munded and iuu ouuded predictive
dais muy both be considered ui a rsie-dis&uriiun sn«lysis &o

identify thc best data for pr&viic&iohh of s gii en video block.
One or more syntax elements may be encoded to indicate tlie
&el ac non. and a decoder may inrerprat the one or more syntax
elemmhts in onler to detenuuhe whether munding should be
used in tlic Jocnding proces .

(0023[ In another aspcci of &his disclosure, a)coding tcch-
iuques are described for select&ug among default &ye&@&ted

prediction, implicit v;eighted prediction. Snd explicit
wei hted prediction. In dns context. techniques are also
Ccicribcd for adding &iflict io prcdiction data, c.g.. uiing tlie
format of explicit weivhted prediction to allow fi)r offsets to
predictive data that is otfhehwise determiued by unplicit or
default wcightcd prcdiction.
(0024( Weighted prediction refeis io bi-directional prcxffc-

noninwhmbiveigbtscsnbeaisi nedtotivoormoreC&fferent
sets of predictii e data. Default iveivdited prediction refers to
ivei hted prmfiction iu ivhich the weight factors associated
with nvo or more difibreni lish& arc pre-defined by some
default setting, Default weighted prcJiciion, in snme cases.
moy assign equal weigbtm i tn each of the I& ti. Implicit
weivhted prediction refers to weighted prediction hn wluch
&hc ivohght factors associated w itli two or moro differ out li sts

are detined based on some implicit factors assn ciaied v iih the
data. I'or example, implicit weight factors may be defined by
tbe ternp&irnl pnsitinns of'he data in the nio dif'tbrent lists
relauve to the data being pr&xfictively coded. If data in list 0 is
temporally closer to the data being predictively coded than
data uh list 1. then the data is list 0 may be asmgned a greater
iuhplicit iveigh factor in implicit weighted prediction.
[002(( lhxplicit wchghtcd predation rcfi:ra iowciglucdprc-
diction in v Rich the weight ibctors are dynamically detined as

pml ol ibe c&hdhhhg pi&&cess;hnd en&ax)ed in&n Ihe bi(ilrenm.
Lxplicn vvighted prediction hs different th»n de)suit
wei hted prediction and &mplicitive&ghted prediction in t)us
rcspcct, c g . explicit weighted prcdiction results in weight
factors that are encoded as part of the bitstream whereas
default«ndmqiliciiweighivdpredic&iondeliimweiglu I'uc&ori

&hat are either pre-defined or determined by &he decoder ivi&h-

out the weight tbctors being in the bitstream.
[0&)26[ In accordance with one aspecl of tliis disclosure,
wei hted prcedliction may be modified relative to conventional
ivcightcd prcdiction by climinnting munding adjusrnhcnrs to
the weighted prediction data. In tins case, tbe encoder iuay
shah)vrc slid c&)us&dc&'e&xi&&cd predicuun dsiu Ihst is bull&

rounded and imrounded, and mdy use either tbe rounded or
unrounded &vs)+ted prediction data based on a rate-distor-
tion mhalysis Onc or morc syntax clcmcnts may bc dcfiucd
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and encoded min &be hi& &iream m or&ler u»danu iy v bather ihe
munded or uurounded weighted prediction data was used.
13m dccodcmnay inrcrprct the one or morc syntax clcmcnts in

nrder In deiermme whet)her murided or unrourxleil weivbted
prediction data should be used in the decoding.

[0027J In accordance v ith another aspect of this disclosure,
enc&xl&hhg techmques:ire describe,l )or selecimg ih&txing

dcfauh v eightcd prcdiction. implicit we& hted prediction.
aud explicit v eighte&l predicrion. Rather dhan consider each
o I hi&eve possib&it ties

mls «ve

hi& ooe another. mi encs xler muy
be pmgrammed to select bete een default weighted prediction
and implicit iveighted prediction The selection, then. may be
coinpir d &«explicit ivcighteil pn &bc&ion. 1'xpl&cii wc&gifted

prediction may be perfonued to calculate explicit weight
fac&orb bu& ihc coinputcd explicit wcightcd prediction may
als«be chimp&&red &«oxphcii weightcxl prediclion luiiiu
weight factors &liat correspnnd to those defined by either
detanlt we&gvhred prediction or nnplicit u Chap&ed predhctiou

[00281 Fxplicitweightedpredictionmay have anadvantage
relative to defanlt weigfited prediction and implicit ivei bted
prediction ui tlmt explicit weighted prediction alloiv s for an
offsvt io be addcdl t«&he predictive dain. The oil'sct may bias
or a&ljnst the preilictive data imd nuiy be ver& useliil in
accountuig for t)ashes. a darkening sky, scene changes, or
«ther types of &lluimoatimi chan es bet&veen video frames.
Tllc offset. for example, nhay provide a common adjuhtmcnt
for all values of a video bhxk, e g., io bias tlm values upi& ard
or dowmiard In accordance with this di closure, the weight
factors delined by either default weighted prediction or
llllpflcl& wc&gli&cdprL'die&1&i~ lliay Ilec«nsldcrodillilieixhiiiext
ofexplicit weighted prcdiction. thereby facilitating &he addi-
tion of offset v bile maintaiuin iveight factors associated
with deihult or implicit weighred prediction In rhis niauner,
predictive data may be improved, wluch may help to improve
data c«ihip&essa&i& 1&1 siiiue cases.

[0029) FIG. 1 isa block diagram illustrating one exeniplary
video encodm and dcvoduig si stem 10 that may iniplmumhi
tccbiiquca ot tins disclosure. As shoivn in FIG I, system 10

includes a source dei ice 12 tlmht timhsmits encoded video to a
de»ma&ion device 16 via a c&mimunicuii&m channel 15.

Source d&wicc 12 and destination device 16 may comprise any
of a wide rmige of dci ices In some casew source device 12
and destination dcvicc 16 comprise wirclcss cohuminucation
devices, such as 1& ireless lmudsets. so-called cellular or sat-
ellite. radi«ieleplxmew or uny de»& es &lrai can c&xnnnuncute
video information over a communication channel 15, which
mayormav notbeiv&reless. Thetecluuquesoftlusdi&closure,
howcvcr, which concern non-zero rounding and prnliction
mode selection tecluuques, are not necessarily lira&ted to
v &re)ass upplica&iims or senmgs,

[00301 In the example of I'IG 1. source de&ice 12 may
include a video source 20, 1 ideo encoder 22, a iu«dula&or'cmodul

nor (mod)em) 23 and a transmitter 24. Dcstinati&m

device 16 may include a receiver 26, a modeiu 27. a video
docodor 28, and a displuy device 30 ln acconlance i&i&i& Ibis
di.'closure. video eon&der 22 of source deviLL 12 may be
conligured to apply non-zero roundiug mxl prediction mode
selection t chniqucs ns part of a video encoding process
Video decoder 28 uhay receive one or niore syntax eleiuents
iudicaiuia ihe selecuon und ui&hwi&irq& v he&lier nun-zer«
rounding v;ai used. Accordingly, video decoder 28 tnay per-
form the proper weighted prediction signaled in the received
bisfi'Iiu

[003) [
'I he illustrated sysiem 10 oi I I(i. I 1 'mere)i exem-

plary. The non-zero rounding and prediction niode selection
tcclmiqum ofthis disclosure mav bc per fonncd by any coding
device thai supports bi-directional mot«in compensuied pr-
diction. Source device 12 and destination device 16 are
mcrcly cxamplcs of such coding dci iccs in which source
dcv1L'L 12 gcllLfaics chided 11dcll &h&ta fiir Iransmishi&m io

destiuation device 16. In coiue cases, devices 12. 16 may
opcratc in a substantially synunctrical manner such &hat, cacli
ofdevices 12, 16 mclucles video encodm md decoding com-
Poile&1&S. Ilci&CC. Si'stcn1 10 i&la)'uit)hort O&1c-wav Oi'&VO-&Va)'hd&x&

transiuission bct&v&ccn vhdLL dc&Scca 12, 16, c.g., for
video stree&hung, video playback, vhdeo broadcastuig. Or

vidcxh tclLZh)hony.

[0032[ Video source 20 of sourcw dc& icv. 12 niay include a

1 id&1 C'&pi&lie dcv&L'e, 'llcll &I 1 'I 1 iden Cilll&LI" I, &I 1 id&1 *Ircllli &'.

containing previously captured video. Ore video feed from a

vhd&x& content provider. As a fhuther alternative, video source
20 na&y generals cumputer fr;iphics-biised diini;is ihe sourc&

vidcxh, or a combination of live video, archived video, and
computer-generated video In some cases, if video soun:e 20
is;i &iden c nneru. Snurce devme 12 und &le Imu&am de»ca 16

may fonu so-called ca&Cere phones or video phones. Iu cacli
case, ihe captured, pre-& apnued or computer-cenemted video
may he enciide I bv vale&& encoder ZZ 'I'he enc&xled viden
iuformation may then be modulated by modem 23 according
to a communication standard. e.g such as code division
multiple access (('DlvlA) or another commurucation smn-

dard, mhd transmitted to destination device 16 via transmitter
24. kdodcm 23 may include various mixerx filtenn amplifiers
or other components designed for signal mndnlatiou Trans-
mitter 24 huay include circuits desigued fiir transmitting data.
iucluding unphficrs. filtcrg and one or morc aiitcnnas.

[t)t)33[ Recmver 26 ofdestuuumn d&wicc 16 receives infor-
iuatiou over chanihel 15, and modeiu 27 demodulates the
infihrmation, Again, ih- video encoding process may imple-
ment one or more of thc tccluuques described herein to pm-
vide non-zero rounding and prediction niode selection con-
s&stol&i hvi&h tlus disclosure. The inl'orruauon Lxhmmuhhicated

over chmnel 15 may include information detined by video
encoder 22. which nxay be used by vid&o decoder 28 consis-
tent ivith this disclosure Display dcvicc 30 displays thc
decoded video data to a user, and may compose any of a

varwiy uf displuy dewhccs s&1cll ss u ca&)hi)do fay tube, u liquid
crystal display (I.CD), a plasma display, an organic light
enuttuig diode (DI,IID) display. or another type of display
dcvicc

[0034J ln the example of I"IG. I, communication channel
15 m:iy comp», e imy whrele s or wirinl commumciit«m
medi&un, such as a radio frequency (M') spectnun or one or
more physical transmissiou linea or any combiuaiiou ofwiic-
Icss mid wired mcdlia Accorduhgly. moilcm 23 and transnut-
ter 24 may support iuany possible wuelecs protocols, ivued
prot&&co)s or iviredl and ivirelcss protu&xils ('onununicutiuri
channel 15 may form pari of a packet based network, such as
a local area network (I Axt), a &h &de area iietwork (XVAN), or
a global nctivork. such as thc lntcmct. comprising an intcr-
cohlilcc tioil of nile of nlofc hhcthvorks. Coil&i&loth&cation chail-
nel 15 generally represeriis any suituble cununurnc;itiuri
medium, or co lie& tiiui ofdiff-rent communication media, fihr

transmitting video data from source device 12 to destination
dcvicc 16 Communicarion channel 15 muy include rourcrs.
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suncbes, buie ia&«mi, or:iny other equipmem &bai m iy be
useful to thcilitatc comm&ufication from source dcvicc 12 to
dostinauon dei ice 16.

[00351 Video encoder 22 andi ideo decoder 28 may operate
acxonluig io a vidrxi c(uupressiun suiriilanl, such as the I I U-1

H 264 smndard, alternatively described as MPIXi 4. Part 10,
Advanced Video Coduig (AV(.'). 'Ilia tecluiiques of this chs-

closurc. hoivcvcr, nrc not limited to any particular coding
standard. Although uo& shown iu FIG. I, io sonic aspcects.
video micoder 22 und vide(l dec(i(lcl 28 lriily ciicll be inte-
grated ivitli an audio a&ceder and decoder, and may include
appropnate MUX DEMUX units, or other lmrdw are and so fi

ware. to handle encoding of both m&dio and video in a corn-
mon dam abeam or separate data &&reams If applicable,
MUX-i)l(MI IX umts muy c(nil'orm In &he I'I'U )1.223 nniln-
plexer protocol, or other protocols such as the user datagram
protocol (UDPF
[00361 The ITU-T H.2&i4/IvIPEG-4 (AVC) standard was
lbnnulatcd by the ITIJ-T Video Coduig Experts Cironp
(VCI4(i) together ivitli the ISO/ILC Moving Picture I ixpert»
&romp (Mpl!G) as the product of a collective partnership
knov n as the Joint Video Team (JVT). In some a pects. the
tcchniqucs described in this disclosure may bc applied to
devices tin& generally con&ann tii ihe H 264 siandard The
H.264 standard is descnbed in ITU-T Recommeudatiou
H 264, Mlvanced Video (.'odmg t'or generic auclxiw anal ser
vices, by thc ITU-T Study Group. and dated March, 200»,
winch may be rcfmsmd to hcrcin as the H.264 standard or
11264 specdication, or the H 264/AVC tandard or specitica-
tiou. The Join&Video Team(&VT) continuestoworkonexten-
sxim to H.2/&43vIPFG-4:&V&'.

[0037[ (york to advancc &licH.264!MPFG-4 AVC iiumlard
uikcs pince in various forums of thc ITU-T. such as thc Kcy
I'eclmologies Area (KTA) foruui. The KTA forum seeks, in
part codmv rechnnlogie» that exhibit higher cndmg effi

ciency than that exlubited by the 11.264/AVC standard. Tire
t clunques d scribed in this disclniure may pnx;ide for cod-

mg improvcmcnts rclativc to &hc H 264,'AVC standard
Recently, the KTA fomm received a document detailing tech-
niques &ha& may be c&mmdered relewini or relined tn the iech
niques described hcrmu. as a subniission number»»( VCL'G-
Aiqk titled "I 0 6 Precisu in I nterpnlatinn and Predictinn." by
Van yc, Pcisong Chen, and Marts Karczcwicz and pre scntcd
at the 36" Meetin in Berlin, Germany, occurring on Jul.
16-18, 2008, w Inch ii h rebv incorpo rated by reference i ~ iui

entirety.

100381 Videoencoder22andiideodecoder28eachmaybe
implemented i&s one or inure ruicroprocessors, Iigiii&1 sigixil
processors (DSPs). application specific integrated cucuits
(ASICs), iield progrmnmable gate arrays (FPGAs), discrete
logic, sofiwarc herc)war-, tinnwarc or am combinations
thereof. Each ofvideo encoder 22 and video decoder 28 may
be iimluded in oue or nxire encoders or decuclers, ei&lrur of
which nuiy be integnated as pan of a combined encoder('ecoder

(& '(JDIX.') in a respective mobile device. subscriber
dcx ic-, broadca»t dcvicc, ver&mr, or thc like.

[0039) A video sequence tip&cally include» a series of
video frmnes, video encoder 22 and video decoder 28 may
opcrat- on i iden blocks wirhin indi& idual video frames in
order to encode aud decode the video data. '11&e video blocks
lliil)'laY('. fciixl or vary&i&8 )&L 's, &Illd Illa» dr f1 et'll 'ce:i('c'(lrd-

ing to a specified coding standard Iiach video frame may
mclude a series of slices or other uidependently decodable
units Each slice may include a scrics ot macroblocks. which

muy he urr&nged m&o inb-blncki. A im a&ample, ihe I'I I
'-

I

H,264 standard supports intra prcediction in various block
sizes, such as 16 by 16, 8 by 8, or 4 by 4 for luiua comp nnmits.
undgxg &orcbrnn&acomponen&i,asweiiusin&erpredm&ainm
various block sizes. such as 16 by 16, 16 by 8, 8 by 16. 8 by 8.

8 by 4, 4 by 8 and 4 by 4 fnr lumn components and c(irrc-

ipnxling sca)cd iizci liir chroma componcnii. Video blocks
may couiprise blocks of pixel data. or blocks of transfornia-
&i(in cocflicicnt&. c g.. following a tmn&formn&ion process
such as discrete cosuie transform or a conceptually similar
&railsfollllatloil prone»s.

[tl(140[ Smaller video block» can provide hetter re»elution.
and may be used I'or locaixins of;i video Jraruc i)nit mclodc
hi+ levels of detail. hi general. macniblocks aud the various
sub-bio cia may be considcrcd to bc vidko blocks Inaddiiion.
u slice inuy be considered &o be u senes oi'iideu blocks, sllcll

as macroblocks auditor sub-blocks. Each slice may be an
mdependently decodable unit ofa vidceo frame Alternatively,
lmme themselves imiy be lecochible units, or other portions
of a frame may bc defined as decodable units, Thc tcmi
"coded unit" refers to any independently decodable unit of a

ixleo I'rameinchusunenureihime.u been& a I'rane,agmup
of pi ctures (G0Ps). or another uidependently decodable mut
defined accordiug to the coding teclmiques used

[&1&141[ I olloiving inter-based predict&re encoduig (which
iricludes interpolation arid the techrnques of this disclosure to
efficient select a prediction algoritlim or mode by which to
predict a ended nnir) and Iiillovong any transtormi (such a»

&hc 4x4 or gxg it«cger traristiirni used in H.264/AVC or a

discrete cosine tmnsform or DCT2 quautizatiou iuay be per-
formed Qnmitization generally reters in a pnicess in wbicli

coefficients are quantized to possibly reduce the autouut of
data used to represent the coefficients. 'Hie quantization pm-
cess nuiy reduce th" bit depih associatedi v iih some or all of
the coelhcients. I&or example, a 16-bit value may be roiuided
doivn to a IS-bit value during quantiia(ion I olloiving quan-
tization. entropy coding niay bc perforrucd, c g, according to
content adaptive variable length coding /CAVLC), context
adaptwe bi(wry anthmetic coding. (C3B(&(&'), or an&(ther

entropy coding methodology

[0042[ The technique» of this disclosure are specitically
applicable to wcightcd bi-directional prcdictinn. As nicn-
tioned above. bi-directional pr(xliction is prediction of so-
cull il "B-video blocks" bused (m &w(i dii'fennt lists oi d (&a.

B-video blocks may be predicted fmru two lists of data from
nvo previous frames. &wo lists of data fiom subsequent
frmncs. or onc list ofdata t'rom a previous Ibamc and onc I'rom

a subsequent frame. In contrast. P-video blocks are predicted
busxxl on nne hs&, wfncli may correspnnd ui nne prcdiciive
frame, e.g., one previous frame or one subsequent fr@ac.
B-frames mid P-frames may be more oenerally referred to as
P-umts and B-units P-units md B-units may also bc rcalizcd
in smaller coded units, such as slices of frames or pc&twinsol''rames.

B-urn&i mav include I'I-videii bliicki, I'-video bloc) i
or I-video blocks P-units may include P-video block or
I-video blocks. I-&nuts may include only I-virleo bloclis.

[0043[ Wcig)trod bi-directional prcdiction refers to bi-di-
rectioual prediction that allows for weight factors to be
assigned &o ihe (wo dilffiren& lists. Each hs& irriy co&&&pose a

set of data associated ivith a predictive frame or other coded
unit. In iveighted bi-directional prediction oue list may be
wcighnxl morc heavily in gcncraring prcxlictivc data If onc of
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Ibe list bms dais flu&I is more simil ir Io the vxleo black bemg
coded. tor cxaniplc, then that list may bc v cightcd mor"
hosvily than the vthei list.

[00441 For (hfferent types af sveffltted bi-directional pre-
dict&au ui xvvnlan(w &sit)i ITI 1-1 I f2((4. stil v vricvdvr 22
and video Jecoder 28 may genemslly support three different
types ofpredictionniodes.Afirstpredictioumode, referredto
as "dctiault ivcightcd prcdiction," rcfcrs to ivcightcd prcdic-
tion in v lich the ivmJtt factors associated with tivo or morc
d&IT('le&11 11&Is ilt'(', pl'e-Js line(1 bv same del)nil( se(Img Dei)nill
weighted prediction, in come cases, may assig&t equal sveivbt-

ings to each of the lists.

[00451 A second prediction mode, referred to as "unplicit
weighted prcdictiony refers to weighted prediction in wliich
thc weight factors associated s( ith two vr morc difl'erciii lists
are&leline&f based an vimenuplicit Iiiciars iissaciaiml sv&ib ibe
data. For exwnple, implicit weight factors may be defined by
the relative temporal positions of the data m the tss o different
ficta re)a(is'o Ihc data being predictively coded. In both
default ss sighted prediction and implicit weighted prediction,
the v,eight factors are not iacluiled m the bitstreain. Insteid,
video decoder 28 (nay be programmed to know the weiglit
fac&vrs (for default) or may bc pivg munuxf to know Ixiw ia
derive ihe svcspvt factors (liir implicit).

[U046[ A tlunl prediction mode, referred ia as '*explicit

weighted prediction," refers to weighted prediction in which
the weiabt fact&irs are dynamically defined as part of the
coding process, anJ encoded into the bit&tres&a Explicit
weighted prediction is ditTerent than default wcqghtedprcdic-
tion and unphcit sveigbted prediction in this respect, e g,
explicit weighted prediction results iu iveight factors tlmst are
encoded as pari of ihc biLsiream.

[0042[ Iii accordance with vne aspcc& vf this disci&sure.
v cightcd prcdiction may bc mo(flied relet &i c to convciitione l

weighted prediction by eliminating rounding adjustments to
Ibe weighted pre&bc(ion dain In ihw case, enc&xler 22 m:iy

analyze and consider iveighted prediction data that is both
rounded and utuoundcd, and niay usc oiilicr Ihc ra&aid&xi or
unrounded sscightcd prediction data bascil on a ratc-d»tor-
tion analvsis. One or ivor: synusx eleuients mav be defined
(&nd encoded mfa Ibe bi(stre(au m order x«den&i I) whether the
rounded or unrounded v cightcd prcdiction data was us&xi.

Decoder 28 niay dec&&de and uiterprct &he syntax clement(s),
and based on rh- syntax clcmcnt(s), decoder 28 may usc
either the rounded oi unrounded weighted prediction data in
ih decv&hngprucvss. Tbvrernavulufrouixli ~ udiusiinenLsis
applicable to default weighted preJiciion, implicit sveighted
prediction and explicit weighted prediction.

[0048J In accordance iv ith another aspect of this dicclosure,
video cnc oder 22 may sckxt mnaug dc tbult wci ad&&cd prcdic-
tion, implicit ii eiglited prediction. and explicit weighted pre-
dicuon. In (Ins,&spec(, in(her than consider each ai (lls'se

possibilities rclativc to on" anotlicr. micodcr 22 may bc pro-
granuned to select beiweeu default weighted pr&xffction aud
implicit wv&&kxl pnxliciion fhv seleciivu. Ih u, &nuy be
compared to explicit weigliied predict~on. Specifically,
encoder Z2 may perliirm esp licii weighied predmlmn io c &I-

culatc c&:plicir weight factor., bur encoder 22 may al o cam-
per thc computed explicit weiglned prediction tv explicit
&selgliil.'0 prediction liuving weiglu I'scillfs illsl correspond iv
thosedef&n&xfbyeitherdefaultweightedprsdfctionvrimplicit
weighted prediction.

[0049J lisplicit weightedprediction may have an advantage
rclativc to default weighted prcdiction and implicit svcfvdttcd

pre(bcixm m thui ei plicit ice(glued predwiion ull&ms Ior au
oflsct to bc cnc odcd. 'Ilic offset may adjust th- prcdictivc data
and iuay be ve(3 useful iu accountiiixUfo'lashe~, a darkmfing
sl 1, seer& 'hanges, or oilier types vl illuuuu i(i(m chaugcs
between video frames. In accordance ivitb this disclosure, the
weight facturs defined by either default svei@&ted prediction
or implicit svc&ghtvf prcdicrion may bc considered by video
encoder 22 in ilia context of explicit svcfgttad prcdiction,
Ihereby Iuciliiuling ihe ud&lilion ol alTsei ~bile nunniuimng
weight factors associated with default or iuiplicit weighted
pre(bet&on. In this nmnaer. predictive data may be impioved
in some cases, ivhich may help to improve data compression.

[0050[ In the context of video micoding. video encoder 22
can calculate a D('ffset by first avemging luma pixel values
far a liuna video block being encoded. Video encoder st iuay
next ai crage lunia pixel i alues for the predictive video block
used ia enca&le the vidvi block Ixich of Ihese ca)calais&i

values may comprise a DC value. Video encoder 22 iuay

compute the D( ofl'son by subtracting the D(.'alues from one
another, e.g.. by subtracting. thc average lunia value of the
curn ni block being coded fram Ihc average 1uma valus o t the
pred~ctive blocl u. ed to encode rhe current block I 8 'fTsers
might also be debned for cbronms components. ifdesired.D('ffsetsmay also be accumulated over a given coded iuiit (s.g.,
a fr&ave or a slice) and defined fora coded unit as Ihe avcmge
of offsets for all of the blocks of a given coded unit.

[0051[ FI(i 2 is a bkick diagram illustrating an exainple of
a video ellcoder 50 thai may perforni teclmiqucs consistent
with this disclosure Video encoder 50 may conespond to
video encoder 22 ofevince device 12. ar s video encoder of a

differeut device. Video encoder 50 may perforui intra- and
inter-eading vl'lacl . witlnn vxleii frmnes, altll&llipll llltfa-
coduig componcnL( are not shossn in FI( L 2 for case of illus-
tration. Intra-coding relies on spatial predictiou to reduce or
reuiove spatial redundancy &n video svitlfin a coven video
fimne. Inter-coding relies on temporal prediction to reduce or
rcmove teinp(iral r&xfundancy in video ss itlun aJfacent frames
of a sidco sc Iuc&tcc Intra-niodc (I-mode) may rcicr xi thc
spatial based compression mode and biter-&nodes such as
prediction (I'ode) or bi direction(&i (8-made) muy reii:r In

illa iclllparal bus&xi c olllpressioll llladcs.

[0052J As shoivn in I'IG. 2, video encoder SU receives a

current vxl&x block wiilim i& w&leo I'rume or bce io be
encoded. In the exantple ofI'IG. 2, i ideo encoder 50 mcludes
Ill&1(1(1(1 estliilati&1(l u&1(i 32, a l&liiti(ill ('(1(ripellsatl(ill &(lilt 35, a

memory 34. an adder 48, a tran&Iona unit 38 a quantizati&m
unit 40. aud an eutropy codiug unit 46. I'or video bio&8

recvnsinicIivn, sxlev en&xxler 50 ulsv uicludes un &nveme

quantizaiion unit 42, an inverse iranslorm unit 44, and iui

adder 51. Video encoder 50 may also include a deblocking
filter (not sbosvn) to biter block boundaries ro rcmove blocki-
ness mtifacts fiom reconstructef video. If desired the
deblocfang lifter would iypicafl) filter die output vf udder 51.

[0053[ During thc caco(bng process video cncodcr 50
receives a video block to be coded, and ruction estimation unit
3 Z;m&1 niv I ion compenss lion uiu I 35 perform inter-pa:&bc(a e

coding. Motion estinmtion unit 32 and niotion compensation
unit 35 may be Iugvtly nitegrated. but are illustmted separately
for canccptual purposes Motion estimation is typically con-
sidered the process of enerating motion vectors, svhich esti-
iuuie riiviion for video blvcl s A mviiun vcwivr. Tiir ew&mple,

may indicate the displacement of a predictive bl&wk ivithin a
predictive frame (or other coded unit) relative to the current
block being coded within thc current frame (or other coded
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urn(). Moiiou compensa&mn is typically m)nsi&lered Ihe pro-
cess of t rching or gcncrating dic prmficfivc block based on
th» motion vecto& detornuued by motiouostunation. Again.
mo&iori esiirnu&uin uni& 32 uud inu&am cumpens i(&un uui& 35
may be functionally integrated. I'or demonstrative p&u)&osem

the tecluuques descnbed in tlus disclosure are &1escnbed as
being pcrfomicd by motiou compensation unit 35.

[00541 bio&ion cs&imation unit 32 sclec&«he appropriate
motion vector for the mdeo block to be coded by compmiug
the video block to video blocks of one or more predictive
coded units (e.g.. a previous aud'oi future frmne ui terms of
time or Imnporally). Mouon estimauon inut 32 may, as an
example, select a motion vector for a B-frame in a number of
ways. In oue (vdy, uiotion estimation iuut 32 a&ay select a

previous or fimue frame from a hrst set of frame (referred to
as list 0') and determine a uio&ion & ector us)ng only this pre-
v&(m& or future Irame from list 0 Alternauvely, mutton esu-
mafion unit 32 may select a previous or future frame fiom a

amund set of frames !referred tu as hot I) and detenuuie a

motion vector using only tius previous or thture frame from
list 1 ln yc& another v'ay, motion estimation uni& 32 nuiy
select a firsr frmue fiom li I t& and 0 second fmme trom list I

aud select one or more motion vectors from the firer frmne of
list 0 aud tho svmond fraiue of lisi 1. Tlus tlurd form of
prediction may be refcrrcd &o as bi-prmlictivu motioi&

estimati-

onon. Techniques of this disclosure niay be implemented so as
to efficienrly selecr a motion-compensared bi prediction
mode. The selected motion vector for my gii eu list may point
to a prmlmtive vxleo bl«k the& ii must sm&ilar to the vid 0

block being cod&xi, c g, as dclincd by a mcinc such as )urn of
absolute difi'erence (SAD) or ciun of squared ditihrence
(BBL)) ofpixel values of the prcdictivc block rclativc to pixol
values of flic block bciug coded.

[0055J According to tlie ITU- I'l 264!AVC standard, three
motion c(unpensated bi-predicnve aloorirluns or modes may
be used to predict a B-frmne or portions thereof; such as video
blocks, (iuicroblocks or any other discreet and!Or contquious
pornon of 0 B-tidmc A first monon-cmnpcnsaicd b&-predic-

tive algorithm or uiode, ivhich is conunuuly referred to as
del'uul& wmgh&ed predicuou, may involve applying delaul&
v eights to encl& identified video block of the first frame of lis&

0 and the second frmue of list I I'lie defanlt weights may be
progmnmicd according to the standard, and arc of&en sclcctcd
to be equal for default &veighted prediction. The weld&ted
bl ) ks ol'Ihe. Iirs&und scen(xl Irurnes arc &hen mldcd u) c(her
and divided by the total number of frames used to predict the
B-t'rame, eg. two m tins (iwtance. I)fteo, fh( du«urn is
accomplished by adding I to thc addition of thc (voice)tcd

blocks of the Iirst and second I'rames and thea shifting the
li.'ollh lo Ihe riglu by one bii Tlie iid&ht&un of I is s riairulino
adjustment.

[00561 In accordance with one aspect of this disclosure, the
ud(htiun of 1 (Ihe roun(hug a 0 [

us
& uien& 

) prior Iu die nod)i slufi

by one nuiy be a(oided, thus eliminating upvard biased
rounding. Motion compensation unit 35 nmy genemte both a

wcighrcd block v ith roundiug and 0 i&miod&uxt block without
rounding, and may select the block that aclueves the best
c('dliig e ITicleil(.'(&

[0057J )lore g ncmlly, (vcioJ(tcd prcdiction niay bc given
by:

Pf d& !1 irfedun 0"; 0+Pied& ijdo 1-y o. (r I i

ivherepred(id) is dataassociated&vithfheweigliedprediction
block, prcd0!i)) is data from liar 0, prcd1(i j I is data front list

1. wfi .'md u I am Ihe ive(gh& Iim&oim 2's&he niimdmg ierm.
and» is a nght shift operation by (rd I ) bits. Consistent vmtli

this disclosure, uvo different version ofprcd(id) may bc gcn-
eriiiml und cmi(idereil bv mouon compenmiu&m urni 35. The
first is consistent ivith the equation above, aud the second is
coniistcnt wiih thc quation above without munding. i c.
willi ilm Ier(n "2'" reifu)vcd foun &fie cqu;&iiuii. Fluninufing
this rouudiu uiay achieve better &vei hted predictii e data in

some casa m (pl&lull call illiprovc c(v)lllg 'fiicicllc&'ouon
compensauon unit 35 iuay generate une or a)ore syntax ele-

ments to define ivhether or not mundi ng was u sed for a gives
v&dkxf bloc) or sc& of video blocks. Both thc bi-dir ctional
pre&bet)on mode and tlie one or more synta!. eleiuents iud&-

caringg

whether rounding was used may be output form iuotion
c(mipcii(atiuii uiiit 35 10 Oil&ropy codiiig unit 46 li)r inclusion
m ihe encoded b) &stre (m.

[0058[ B pictures usc tv o hats of prenously-coded refer-
ence pmtures, i&sf 0 &nd lip& 1. I hase Iwo ha&ac m each con& im
past and!Or funu e coded pictures in temporal order. Blocks in
a B pi&em&re may be pre(hcted in one of several v nyo. motion-
compensa&ed prc(hction from 0 list 0 retbrencc picture,
motion-compensated prcdiction front a list I reference pic-
Illl'c. Ol uuit100-&001pc&lsafcfl pmd1ctuu1 fi'001 thc coulb1fli-
tion of both list 0 and list I refereoce pictures To get the
combiiu&tion of boil& list 0 aud list I refcteuce pictures, two
illo&1011 coll&pc&is&&&oil 1'cfcrcllcc &(foils arc obtmned Im&u hst 0

and list I reference picture respectively. Their conibination
&vill he need to pred(ct the cnrrent block

[0059[ In(hi&disclosure. Ihe term "B pictures'* will be used
to refer generally to any types of B urn(a, ivluch may be B
frmncs. B slices, or possibly other vidm uuits that include at
least some B video blocks. As iucntioncd. B picn&rcs oi &y

afio(v 3 types of weighted prediction. I'or smiplicity, only
forward prediction in unidirectional prediction i shionn
belo&v. although hackivard& precl(ct(00 ciiuld also he used

[0060J l)efault v'eighted prediction iuay be defined by the
f0 I loiv ing equations for uni directioual prediction and b idirec-
tional prcdiction, respectively

Uio(I(wc(i iol pfeoo..(oa. pied&!U)m(od(f()J)

&3(i&of(&loof. Pl dilciloo. Pfmaidi=(PI&SI (fJI&P(cd&0
))+I I 'I

ivhere pred0(i j ) and pred1(i&i) are prediction data fmm list 0

and list 1.

[0061[ Implicit v:cighrcil prcdiction mdy bc df lined by the
f0 I lo&v ing equations for uni directioual prediction and b idirec-
uoiu&l predicuon, reipeciwe)y

Uo.du. &I oel pl&': os pl(d(lj) pledol(J(

&3(d ", ci os i.'fedici oo pied(,! I
— fpfeduu ) W, 0+

nod&&( el*le&+131 Of

Iu tlus case, each prcdiction is scaled by 0 &vcighiing factor &vfi

or &vl, v here w0 and w1 me calculated based on the i elative
iempor il position OI'he lisi 0 uixl ha I I reference pic ui res

[0062J Bxplicit weighted prediction may be defined by the
liillowing equa&i&ms for unidirv&iionul prediciion und bidirec-
tional prcdiction, resp(vtivcly.

Us&dire ii oil Pfeccoi(oa: PfedfiJli 0 edu&i!i" i 0+
oi

B(d owoooi. pied(ciioo pfedfi! I-ipfedosi ji"(co+
(edif(J'*(el+2)'i'r+ii+ iol+o!+Uo&.)
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In Ibis mice, Ibe weighting fi)choix are deierimne&l hy ibe
micod r and transmitted in the slice I)ceder. nnd oi mhd o2 ar"

picture offsets fo& list 0 and list 1 reference pic&was iespec-
&ivelii

[00631 Couveufionaliy, rounding adflis&meuts are alivays
used in bidueci&uiuil prwln;&iou According &o flie eqiha&iuns

above, a rounding adjustmcnt of I is used in the delaul&

weighted pred)cui on prior to a ript sluft by one, and a round-
ing adflistmcn& of32 is used in thc implicit wcightcd prcdic-
tion poor to a right shit't by shx. Generally, a mmhding adjust-
meni of 2 'i cnmmonly used poor in hi nght sluf& by r v here
r repre ents a positive integer.

[0064) Such frcqueu( md biased rounding upera&ii)us cari
rcducc precision nf prcdiction. I'urthcrmorc. in thc bidirec-

tionall

prediction of the explicit weighted pivdiction, there are
uciil)Ill& 2 roll&&dill s, one Ior Ihe rcferouce pictures und tho
other for the off&cia. Therefore, in tlus case, &he rounding error
can accumulate. In accordance with one aspect of this

disclosu-

rerc, nstcad ofdoing 2 scparatc roundings. the& idco cucodcr
can add the offsets to the ivehghted prediction before right
slfif& ns ilm f)fiuviiiig:

p)cu&O)=&p)via(ill* 0+p)cuiu i ch-Uui
.c)')+C )-'u'+1 I

where pied(i(j) is the weighted predictiou data associated
with roundmg. pred0(i,i) is data from list U. predl (i,i) is clots

from list 1, w0 and wi are v eight factors, ol and o2 arc
offsets, and r and 2'ix rounding tenn) that pmvidc the
rounding in conjunction with a nght shit& opemtion

"»" by
(r+ I ) bits. This uhay pmvi de better prediction accuncy. In tlus
cas . u new cv ~ &ux elwncnt muy al)u bu delined io ufiow lor
combination of tivo different o!Tsets (ol and ii2) into one
offset. I'urthermore, in this case, a rounduhg value map conh-

prise the rnuuding adjusrment described above (e g . 2'rinr
to a right shift operation by (r+I) bits) as &cell as another a

rounding vulu ('*'j assomated wnli the ofliset. The cquut«)n
above nny also be modified slightly to provide higher preci-
sion for the offsets. If higher precision for the ofi'sets are
desired. the offsets may bc multiplied by ibctora (such as by 2)
and then rounded to an intcgcr numbers. Thc lcf& shift niay
also be clmnged to account fiir tins added precision to the
(&&fact.

[00651 Another problem in explicit weighted predkcuon is
that umdircctional prcdiction and bidirectional prcdiction
may shaiv the same weights and offsets. In order to hai e more
flexibihti fi)r bc&ier pa Jn &ion, unidirecnioiml predicii&m uixl

bidirectional prcdiction may be decoupled in accordance with
this disclosure. In this case. mudirect&onal prediction mid
bidir(cctio&usl prcdiction may dchnc diffcrcnt weights and ofl&

sets for a given type ot'rediction (default, implicit or
cxplicnj. Neiv cynuix elernen(s may be defined li)r expbcii
prediction to alloiv for better prediction. An encoder can
include the syntax elemeuts in a coded bitstream to signal
diffcrcnt roundina modes used by thc nicodcr. so &lnt flic
sane rounding modes can be used by the decoder

[0066[ I& is beneliciil tu adiip&ively salem&ruin(bngadjusi-
niems. One way of doing ibis is io generate &v o or more
different sets of predichve data (mid possibly encode a vidw)
block scvcral rimes) based on the ni o or mor- diffcrcnt acts nf
predictive data. One set of the predictive data may have non-
hero roun(hng uixl 11& oflmr rnuy eliiriiraite Ih rounding lu
still other example~, upivard rounding. d()w nw ard munding,
aud no rounding nny be considered. Motion compensation
unit 35 may vcncrat- rhcsc diffcrcnt types of prcdictivc data

and muy conduc& a a&&axis&onion (Rl')I uiuilycis &o &clem &he

best prcdictivc dam for a given video block
[0067[ Rate-distortion &RD) analysis is fauly coriunoa in
i xlwi cod me, uud gener Jlv mvulvcs hhe culculuhiun ol a co&&

metric indicative of the codinv cost. I be cost metric may
balauce the number of bits requued fur the coding (the rate)
and thc lcvcl of quality a sociatcd with thc coding (the dis-
&oruuni. A typical rate-distoitiou cost calculation tuay goncr-
ufiv correspond &o Ihe 0)nhiu& of:

Al';RR+D

ivhcrc J(k) is thc cost. R is the bit rate. 1) istic distonion, nnd
1. is the Lagrange muluplier.
[0060[ Onc way for vidm cncodcr 50 to identify thc most
desired prediction data is to use motion estimation unit 32 to
Iirs& find nmi&ion vectors,;in&i Ihen unpleineui iuo&iun com-
pensation unit 35 and addw 48 to calculate prcdiction errors
ivith and witlxiut muiidiiig adjustinents. Ivlot&on compensa-
tion unit 35 may then select the prediction data tliat yields the
least prediction emu) The prediction euur can be calculated
by using thu um of absolute &bffi:rcnce b twc n the pr&cxlhc-

iion dam and thc current d ua being encoded
[0069[ In explicit v eighted prediction, motion cnmpen s-
&ion unit 35 of video ence der 50 may implcnhcnt tluuc di tTcr-

ent modes. In all three explicit wmghted predhctnin mode).
each reference picture uhay have one offset used for unidirec-
tional pivdiction aud each pair of reference pictures has one
oflsc1 I'or bidirectional prediction such as:

p)a&aj)=m)cnu'ii)" i)+p et&)&'ip)* I+,'v '
1+

iwh),

where pred(),I) hs the brat iveighted predhcnon data, predg(h,l I

is data t'rom 11st 0, prcd1(i j) is data from liar I w0 md iv1 wc
wei ht factor . o is a co&union ofl'sci applicable thc prcd0(i j)
I'rom i)xi 0 und &be predl(i,i) froin lich 1. and r a)xi "'ie
rounding tenne that provide ihe rounding in conj unction &pith

a right sluft operation
"-'&" by (rv I ) bits. The first mo le iuay

usc thc weights dclincd by default weigh&cd prcdiction Thc
second may use v;eights de lined by implicit weighted prcxiic-
ni)n I he tbirdrnndea llaw& each reference pmiure in have one
weight for unidirectional prediction and each pair of refer-
ence picnues uhvolved n biduectional prediction to have a

par oi iic)vdus Ior both rclcrcncc piciurcs. Thc ivcights
defined for the tlurd mode may be deternuued adaptively, and
m come wicea ibe explic)1 vvm hied prediction Irumewnrk

may be used ivith weights defined by default or implicit
wci hted piedic&ion iu order to alkiw for offiiet iu these con-
rcxts I urthcrmorc, thc &vc)J»&S and otlscts dcimcd in &Ius

third mode may be different for unidirectional and bidirec-
uoiuil preJic&ion. The eqiiu&ion ubove nhu) ulso be moJified
slightly to provide hi(dier precision for the offset II'ugher
precision fi)r the offset is desired, th- offset may be multiplieJ
by a tacior ( uch as by 21 and then rounded to an intcgcr
nwnber. The left shift nmy also be changed to account for this
«Jdal preci. i(n u) ihe olTse&. e..g., in &i)is case. the lpfi shif&

may changed &o r- I.
[UU7U[ Inorderfiirvidwiellcod)'&50&osluruilioildccodei'he

particular mode that v as used I'or a given hddcx) block or
set of video blocks. video encoder 50 may iuhplement 2
single-bii syntax clcmcnis derived ivcight flag and poc
wei ht flag. Intlfls case, the derived weight

flag

ma be used
io elec( beta ceii &he lira& Iwo cxplmii wan&hie&1 prod)c&iuri

modes mentioned above, and the third mode and poc
iveight tlag uiay be used to select between the first and the
second explicit wcighmd prcdiction modes
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[0071[ In nrrler I&) find&he best nei. 0&ed pr&xlictnm, video
cncodcr 50 nmy perform multi-pass cn&codmg and select thc
bear tuodc based on rate distortion cnsr Onc way to do this is
an exhuusiive 3 arch where mnnon c»mpensntiim un&i 35
generates every possible iveighted prediction data and selects
thc best onc. 'I'n rcduc" thc complexity. hnv;cvcr, morion
c&)rnpensutinn unit 35 may iinplcmcnt uJJitn&nul techniques
ofthis disc tosiu e. e g., to first select between default ivei J&ted

prcdiction and impficit wcightcd prcdiction, and then tn com-

pare the selemiun to explicit weighted pre&bet&on. Motion

corn

pensatinn unit 35 may c 3 Iculate weights and ofi'sets asso-
ciated &vith explicit ivcightcd prcdiction, and may also use thc
explicit &veighted prediction fra mev ork to add offsets to data
othcrwisc associated v ith default wcightcd prcdiction or
implicit wciglucd prcdiction, whichcvcr was sclcctcd Thus,
there may he nvn sets of offsets calculated by motinn cmn-

pmication unit 35. The first so& ofoffsets u&ay bc calculated by
using knov n weiovj&ts used in the default &veivt&ted prediction
or tlie irnplimt wci htui prcdiction. arxi the soconJ &et uf
ofiscts 11131 be calculate&I ioiiltlv'itli wciglrts als part of 3

normal calculation nf explicit iveigbted prediction, e g., by
&I)&lit&mr&&1 it)ella)tnnI Col&1pensBtc'8 flied&Ctinlloiron

[00721 To further re»luce the complexity, during explicit
weighred prediction, if the offsers are 0, motion compensa-
Iiim uml 35 nuiy &lup the exphc&t wmghted prwltcitnn &ha&

uses default &veld&Is or iinplicit &1 eights. Also, if the offsets
are 0 and calculated weights ba& e nn change, motion cnm-
pcnsat ton u tu I 35 may sl&ip thc iyques 1 cxphci t v eit)J&ted prc-
dictinn that uses calculated wei J&ts and offsets.

(00731 Once the desired prediction data ic identiTied by
mntinn compensariim unit 35. Ss described herein, video
encoder 50 I'onus a tesidual video block by subtracting the
prediction dare fmm the original video block being coded.
Adder 48 represenis Ihe component or con&pon nts ilia& per-
form this subtractinn operation. Transform uuit 38 applies a

transfi)mi, such Bs a discrete cosine nansfonn (DCTj or a

conceptually similar transtbrm, to the residual block. produc-
ing a video block compnsing rcsxiual transfonu block cocf-
fic)ants. I ra&1sf&)l'111 unit 36, fi&r &»ample. may perform other
trmsfom&s, such as rhns- define by thc 11264 smndard,
which are conceptually similar to DCT. Wavelet trmisfoims.
integer trmsionns, sub-bund iransforms or otlier types ol'ransfomiscould also be useJ In any case, transform unit 38
applies the transform to the residua I 0 inc k. prodncing 1 block
ot'rcsidunltmnstbrmcocfficicnts Thcrransforiumaycouvcrt
the residual inl'ornmtioii fiom a pixel do&naia to n frequency
JI&BIIB&u

[00741 Quantization unit 40 quantize& the residual trans-
li&rrn cn" I'ficients tn I'unhcr re hire bu nite. The quannnitmn
process may reduce the bit depth associated wid& some or all
ot'the coefficien. For example. a 9-bit value Busy be rounded
down to m 8-bit value during quantization. In addition, qunn-
tization unit 40 may also quantize the differen& offsets Ior
cuses ~here nl'Iset is use&L

[00751 I'ollowing quaniization, entropy coding unit 46
mitropy codes the quautized transform cocffiments. For
xamplc, entropy codinv unit 46 mny perform content adap-

tive variable length coding (CAVLC1. context adaptive binary
uritlunouc coding (CABAI'), or uni!Ilier entropy coding
methodology. I olio&ring the ento)py coding by entn)py coJ-
rng unit 46, the encoded video may be transmitted tn another
dh» ic- or archived for furor transmission or rctricwal Thc

en&id l»t, &ream muy met u Je enlrnpy ends4 re&&d&uil bhmks.
motion v ctors for sucli blocks, and otlicr cymax such as thc
syntax described hereui.

[0076[ Inverse quantizatiou unit 42 md iiwerse transform
unit 44 apply inv r&c qusn&izaiiun;ind inverse Irunsfunna-
tion, respective lv, to reconstruct the residual block in the p ixe I

domain. e g.. for intern seas the reference block in the mam&sr

dc cribcd aboic Adder 51 adds rhc rccoustrnctcd residual
block to the motion compensatcxf prcvhction block produced
bv mo&i&m c&m&pens i&ion uni& 35 In produce 3 recon, Irnc&ed

video block for storage in n&emory 34 The recnn.tmcted
videu block mav be used by ruotion estimafion unit 32 and
motion compensation unit 35 as 3 rcfcrcncc blocl to intcr-
cncode a block in 3 subsequent video (mme.

(0077( FIG 3 is a block diagram illustrating an cxampleol'otnm

compensation Im«35 nl I'ltr. 2 m mnre de&mt As
shown in the exrunple of FIC). 3. motion compensation unir 35
couples to iuemory 34, which stoics first Bnd second sets of
co dkxf units or rett relic 'r'a&i&os 3 3 list 0 52A mid hat 1 52B. In
add&tin&1, rneflloly 34 nlay store tile el&1're&it &Iden rl3ta 53
coded. Memory 34 may compo e a shared memory stn&cuire.

or possibly seveml rhfferent memories, storage iuiits. buffers,
or otlicr types of storage that facilitates storage of any data
di &un sac d herein. I is& 0 52A iuul li 1 I I 52B are &la&a a ssncia is&i

with tvm difi'eivnt predictive &mits. e, data frou& two differ-
ent frames nr slices or rnacrnblockg m auordance v ith bidi-
rectional pre&bc&ion. Again. bi-directional prixfiction is not
ncccssmily limited to any prediction directions. and thus list
0 52 A and list I 5213 may tore data trom &wo previous frames
or slices, two subsequent fiumes or slices, or one piuvious
fr&&me or slice und nnc subsequent fr;ime nr slice Furtlmr-

more, in sotne cases, list 0 52A and!Or list I 52B could each
iuclude data associated with multiple frame~, slices nr macr-
blocks List 0 52A and&or list I 52B are simply two difibrent
sets of possible predictive dare. and each list may mc lude one
frame r, r slice, or se& rat frames, slices or macro b inc ks in any
direction relative to the current video block being encoded

[0078( .As shou'3 in I Ki. 3, morion compensation unir 35
iucludes a defbult &vef J&ted prediction iuut 54, an iiuplicit
wei hied predicti&m unii 56. and an exphci& i&nigh&ed pred)c-
iion umi 58. Tfm ts 54. 56 and 58 rcsT)cc tive ly perl'onn default
iveighted predictn&n, unplimt ~sighted predicts»i, and
explicit &vein+&cd prcdiction as dcscribcd hcrcin 133&c-distor-

tion (Fv-Dj analysis iufit 64 may select weiuhted Fr&diction
dalu among ihese. possibiliueu;ind muy irnplemera tech-

niques of this disclosure to facilitate the selecrion pn)cess.

[0079( IVIotion compensation unit 35 also includes around-
mg urul 55 Ilri& mni sea one or mure oi uriils 54. 56 un I 58 Io

generate both rounded and unrounded versions of the respec-
tive weighted pridiction data. Again, by eliminatu&g n)und-
iug, ii cightcd prcdictinn data n&ay bc uupro& cd 111 so&wc col&-

texts.

[0&380( In addition, niotion compensation mut 35 uicludes
an otfsct calculation unit 62, &vhich calculams oti set Acconf-
iuu to TTLI-T 11.264!MPEG-4 AVC coding former. offset is
&mly allo&v&sl in explicil weighted pr&uliclion 'Ihere&ore iii

order to consider olfsel in the context of default weighted
prcrhction or unplic&t v eigv&ted prediction, the v eights deter-
mined by default &vcighrcd prcdiction imit 54 or implicit
wei hted prediction unit 56 may be Ibnvarded to explicit
weighiul predic&iuu uni& 58 &dong )vi&h oifse& ilc&ermincd by
ofiket calculation unit 62 In this &vay. explicit iveighted pre-
diction unit 58 can exploit the ITLI-I'1.264.'bdi)Fri-4 Akrt

coding format by ail&ling offscr to dcfaufr &vcivd&&cd prcdictinn
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Jaiif or imp bc it weighled preJiciuin data Ior (mnci&lerutuin by
R-D analysis umt 64. In this case. explimt w Lugj)tcci predic-
tion unir 58 gcncmtcs not only thc normnl explicit wafvdttcd

prediction &lais, blil Hlci) pied)chal'I dais ihai ilscc ill&: wcfghLc

determined by default weighted predictiou unit 54 or implicit
wcighicd prcdiction unit 36 in conjunction with offset dctcr-

miacd by i)fl'1 i culculauoii unit 62.

[00811 Offset calculation unit may calculate offset as a
difli:ren&e between un avoru c af video bluck vulucc uf u

block being coded mid an avcragc ofvideo block valuca of the

prediction block. Offset may be calculated for lama video
blockc, and in some case&, offset niay be cslculatcxl for luma
video blackc mid far chmms video blocl c

[00821 R-D analysis urut 64 !nay mialyze the different
weighted prcdictiiv. data, aud may select thc weiglucd pie-
dictivc daiu that eneiates ilia best results in terms of qualiiy.
or in terms ofrate and distortion. R-f) analy sic suit 64 outputs
the )elected veighted predictiie data. Ivhich may be smb-

ir &cled I'rum the vfdm) block beuig coded w I addor 48 (Fgr.
2). Syntax elements may be used to inform a clecoder of the
manner or method that sbonld be use&i ta generate the
we)ghted preiliciive daui. 'I he syntax elemenLc. Iar exumple„
may u)dieate whethei ar not munding wac use(L aod may
indicaiev helherdeluuli, implicit orexplicilwefghtcdprcdic
turn ch&nihl be used II exphmt weighted prmhcluin chmild be
usa(i, ihc cynuix ale&nant) may I'urllt r iileniify ilia ivei lii
Iuci or) und Ihc CITsel, wluch;i Hin m &y be w ciglu I ic too.;uxl
ol'fcei Hsc(miaiedwiih explicit wmghiedpredicuon. ormffy be
w eight i)i ciors thil were ficta ally de lined by de lault ivei hie&1

predictioii iuut 54 or implimt ivefghtld prccllction uiut 56 with
ihe fxkli uon of o ITIC I from alfs et calcu)&sion unit 62

[00831 FIG. 4 fs a block diagram illustrating on cxemplory
video dccodcr 70, ivhich may pcrlbmi thc reciprocal dccad-
mg tcchniqucs ta rhc encoding tcchmqucs dcscrtbcd above
Video dccodcr 70 ma& include an eau opy decoJuig iuut 72. a
prcdiction unit 75, an invcrsc quamization unit 76, an invcrsc
transform unit 78, a memoq 74 and adder 79. Prediction unit
75 may uicludc a motiim compensation (MC) umt 88, as well
as spatial prcdiction components, ivhich arc noi shou n Ior
simplicity and ease of illustmtion,

[00841 Video dccodcr 70 may rcccivc Lncodhci video data,
aud one or more syntax elenients that indicate ivhether a
rounding adjusunent ives used to encode the encoded video
data.'.IK unit 86 ofprediction unit 75 msy generate iveighted
prediction data that depends on tv o or more lists of data, as
deccribed herein. In accordance ivith tlus disclosure, the
weighted prediction data does uot include the rounding
adjustmcnt if the one or more syntax elements indicate that
the rounding adjustment was not used to encode the encoded
video data. Video decoder 70 can decode the i ideo data using
the weighted prediction data. e g., by ini o king adder 79 ro add
tlic iveighted pivdiciioii dam! (e.g., a prediction block) to
residual data (e, a iesidual bluck).

[00851 In gerieial, eiiuopy decadut uuil 72 ieceivcs ari
eucoded bitstearu and entropy decodes the bitstream to gen-
erate quantized coeflicient), motion information and other
syiitac. flic 11)iitÃsi iiitiirnia(1an (c.g., i))olio&i vectf!rc) a&id

other syntax aiv foiwaided to ptedictiou unit 75 fiir use iu
generating, the predictive dits Predictuin umt 75 periarius
bidircvtioiml prediction consistent vith this disclosure,
Bvaidi fig roil)id) III) udlii st)i)LIIL) 111 ci)fiie CBHLc. a)id p )mib Ii

implementing, J I'suit, uiiplicit ar explicit wei hted predic-
tion according ta the recewed syntax element). 'I'he cyntax
clemenrc in ay identify th ')pe ot'wefglrte I preih et&on (list to
bc i)sf 0, I Llcflwfl fits HIILI &)ITsut ii explicit w I iyhicd prccliciiau
to hL I)sell. BoCI w l)LthL'I''(11)fiih fig BClluctlue&IIH sf(1()Id be used
Iii ihe decfxlfiig

[0066[ 'lbe q(uffttfrccf coellicienlc are sem liam enm)py
decoding unit 72 io mverse quantirtirion unit 76. which per-
forms inverse quantization. Inverse transfomi unit 78 then
iuverse transfomis the de-quantized coefflcients back to the
pixel d outa in to genemte a residual block. Adder 79 comb ines
the prediction dots (e g. s prediction block) generated by
prediction uiut 75 with the residual block fioai mverse trans-
liirm unit 78 io creuic H reconstructed video block. whi i li inuy
be stored in m rnory 74 mid!or output from mdcco dcccoder 70
as decoded video output.

[0087[ FIG. 5 is a flow chart illustrating an exeiuplary prt)-
cess pcrfbrnicd by a video cncodcr consistent with this dis-
closure. I'IG 5 trill be described from the perspective of
vfdcxl cncadci 50 of FICi 2. As shoivn in FIG. 5, iuotion

cafuperisuuariuni1358 'iiaritcsfirslwcfghiedprediciiandam
01st includes rounding (1 01'). Hnd encrates second weighted
prediction data that does nat include roundin (102). Motion
conipensanon urut 35 then selects Fred&etna) data fmru tlie
first snd second ivcightcd prcdiction data based on a ratc-
distortion analysis (103). In particular. unction compensation
unit 35 uiav deteimine cost metrics for the first and secund
wei hi&xi pr&xliction fat i ibal quimlily und b i lance the encod-
ing rate and the encoding quality associated w ith the first and
second weighted prediction data. snd niay select the predlic-
uou dsLi wi(h ifie lowe)( c&xci Vxlca unco(k:r 50 cfn flic)i

cncodc video data Iniscd on thc ac ice ted prcdiction data (104).
I'or cxsmplc. video cncodcr 50 niay invoke adder 48 lo sub-
tract tlie selected predicuon data fioin the video dita being
coded. md then invoke n anstorm umt 38 tm tron tortn, quan-
tizsticn unit 40 for quantization aud entropy coding unit 46
for entmpy coding of quantized and transfortned residual
coellicienic In this case. nioiion compencuii&m umi 35 miiy
gcncratc onc or morc sycttax clcmcnts to indicate whcthcr or
nat munding wus uccd tor thc prcdiction dart, und msy for-
ward such syniax elements H) emropy coding unit 46 for
inclusion in tlic coded bistrcam

[01)88[ FIG. 6 is a flow chart illustratiug an exeruplary pro-
cess performed by a video decoder consistent with this dis-
closure. I'IG. 6 trill be described from the perspective of
videos de(oder 70 of I IG. 4 As shoivn in I ICi. 6, video
dccodcr rcccivcs cncodcd video data (111), and receives onc
or more syntax elements that indicate whether a rounding
adjustment was used to encode the video data II 12). In
particular, entropy decoding unit 72 may receive an encodeJ
bitsticsin that includes the videu data aud thc one or uiore
sist(ax elements. I'ollowing entropy decoding. entmpy
decodin unit 72 may output the video data as quantized
transfortn coelyicients, ivlflch src inverse quantized by unit 76
and iui arse umisfomied by unit 78. Entropy decodmg unit 72
may output syntax elements to predicuon trait, whicli
iucludes the one or more syntax elements that indicate
whether a mundiug adjusunenl v as used to enca)de thc video
data, motion I ectors and possibly other svfttax.

[0()89[ Predmtiun uuit 75 u)1ukcs Ilia(i(Hi I'uiiipcfisatii)fi
unit Ni ti)r black based pifxfictive d(xadhfg In damg sfi,
&not&all coil'lpcflsBtio&1 i)lift 86 gcIlci'arcs wcigllted prediction
data be)ed oa tlie syntax (113). Accordmgly, ff the on or
nx)re syntax elements indicate ihat u rauiuling adjustment
ICIH 1)cL'cl, tllco in(silas co(1)pcs%it)os 111)it 86 gcilclatcc
ivefghted predicuoa data that includes the r&iundmg adpfct-
rnent. Hiwvever, if ilia an" ar niore cynuix elemenis ni&licate
thot a rounding adjustment wac oat uswI. th n ox)tion cam-
pensslfon un)I 86 generates fief hi&xi pre&bein)n &lani Ilail
lacks rim rounJing a&I)ustment. VICLH) decoder 70 can tlien
decode the i idea dulu using the weighted prediclxm &Lita

(114) In puriimilur, videu &lecodcr 70 rn:iy irn okc;i&lder 79 io
ciirnhine ivcfght&xl pre&hcimn dais (e g . If predfctum block)
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«1th residual v)&)eo dal)& (e p., u res«tnul block) m order to
go(lc&a&L a recoil«&i'llctio&l uf thc v«ILO data &eg)., a I'Lcou-

sirucied video block).
[00901 FIG. 7 is a t)ov& el)art illustrating another Lxcmplary
process pcrlormcd by a vidcco cncodcr consisrcnt ivitli this
di closure. I ICI 7 will bc dcscribcd fiom tb" pcrspcctiic of
motion compensation uni( 35 ofFlfi 3. which may I'orm part
of video cucodcr 50 of I'IG. 2. As shown in I'ICi. '7, default
weighred prediction unir 54 performs detault iveigvbted pre-
diction v ith rounding (201) mnd perform default iveighted
prcdiction without round)as (202). Rounding iuut 55 )nay bc
invoked to define such rouuding or lack thereof. hnplicit
weighted prediction unit 56 then pertonns iuiplicit iveighted
prediction witli rounding (203! aud perform) implicit
weighted prediction ii ithout munding (204k Again, rounding
unit 55 may be invoked to define such rounding or lack
thereof.
[0091J As explained above, defmilt i(eighted pre(fictiou
refers to weighted prediction ui ivhicli tbe v eight factors
associated with tv o oi iilotc differont lists are pre-defined by
some default setting. Default v eiglited prod)LI)on. ui some
co(ev, )n,)y av"ign eqnal iveighting& to eoch of the h ts.
Iniplicit woiyhtcd predictioti refers to wcisd)ted prodictioii i()

&&Inch the &is)gin fact&)r) assoc)«ted v,)ih nvo i)r &nore d&ftor-

em list& «re detined b &ved on some nnpla i I fi&c&ois a&4&xi ital
with the data. For e(an)pie, &inplicit wei ht factor& may be
dcfined b) i)le I''lut)4&: teu)poi'0 po)li«u)4 ol'ilia duiu in ihe
two diTT:rani lists rclutn& lo the data bemg prediciivel(
c& dLd

[0092J R-D analysis uuit 64 sole&vs cithcr thc default
weighted prediction or the implicit weighted prediction
(205). In particular, R-D analysis unit 64 )nay s lect citlicrtll&'efault

weighted prediction or the unplicit weighted predic-
tion based on the quality aud coding rate associated v ith the
differmit itrsion ot'he prediction dais. I or exaniple, R-D
arialysis unit 64 may consider thc similmity ol'hc dilfi:rent
version of the prediction data relatii e to die video blocl being
coded, and may elect the ver ion that is closest.

[I)t)93[ II'R-D a)ralyvw u&nt 64 &clccis tl«: default ivci hied
pre lie&ion ("DFI AULT'05) explic&i iveir hied prediction
urn& 56 m i) be invoked io cu lent«is exphm& we& h&edpredic-
lion du&a an&I &x)(up«re &ucli tii« io expbcii v sighted predic-
tion data tlim uses thc default wciglits As noted. this allows
f()r ol lee& u) the context of de&uk «mghis Accor&luigly, the
explicit weighted prediction can be used as a mechanism to
provi&k liflcrcnt ollscis to data tliat would othcn»sc bc
defined by default or implicit weighted predicu(m As oui
lined above, explicit ivmght&dl prcdiction rctcrs to &cela&tcd

prcdiction ui ivhich &hc wmght facuns are dynamically
dclincd as part of thc coding procc s. and cncodcd into tlic
bitsrrcmn Explicit wcightcd prcdiction is difiircnt than
default v eighted prediction and implicit iveigbted pi&«lie&ion

in this rcspcct. c g. explicit ivcig)hied prc(bcuon results in
weigh& factor that are encoded as part of the bitstream
whereas dc)suit and imphcit weighted prcdiction dclinc
w 4 ighi factors tluit are either pre-defined or de&erma)ed by the
decoder without the weight I'actors being in ihe bititrenm.
[00941 In part&cutir, exphc)t iveighted predictum umt 58
)nay cal ul«t Lwphcl is««'ght, )n«l Lxpliclt & ffset (206) ns)n„
conventio&ral exphcit «sighted predicnm)detii«xl by IT(I T
H 264 tu urdor lo wilculate the explicit weights, Iorexaruple,
exphcit ive)ghted predict«)n u)nt 58 may apply a least &ncaa

squan:d (Idvlg) algonthni in order io solv &1«. exphcit
)ie&gliiml prediction qu:)i)oui hated above kir boih weights
and offsets ln midi&am, explici& (ve)ghted pre hei&on uiut 5)8

miy calcubite oil(et;i(somate I viih the defiuh weights
(207). Oilset calcu)anon um& 62 may be invoked by explicit

weighted pre«lie&ion unit 58 in order lo ciilculii ie the o lyse& In
I«s)ticuknr otfset calculation umt 62 may calcutate a given

oil'set. a( Ihe a&eruge d) ITerence hei ii een pixel value& o I ihe
vide&) data bein code«I and ih ivmi vorsiim version(ol'ei

hied predicii&m du&a

[t)t)95[ Explicit ivcightcd prcdiction iuut 58 can tlmn a n-
cmstc two dillcrcnt vcrsinns ol prcdiction data In particiilar.
explicit ivcightcd prcdiction iuiit 58 may pcrfonn explicit
weigh&is) prcdiciion using default ivcights and thc corrv-
sponding offset (2()8), sud mny also pcrfonn explicit
weighted prediction ucinv calcu)ato) (& eights and the corre-
sponding explicit offset (209). The (e nvo different versions of
explicit weighted prediction data (one being calculated
according to nominl explicit weighted prediction and the
other being ca Icn lated using defau I& weigvts 1& ith the addition
o f offset) and ilia default wcighied prediction v i lb or v i thou&

rounding can then be sent to R-D analysis unit 64. R-D
analysis unit 64 may select the predictiou uiode based on an
R-D analysis (21&)). In particular. )T-D analysis unit 64 may
sc)LC& betwcxn these &v o different ieriions of explicit
wei hted p)udicxion data (one be)ng calculated accor&bng to
normal explicit weighted predictiou and the other being cal-
culated using default weights 44 ith the addition ofoffset). 8-IV
analysis uiut 64 may con)ider the similarity of the different
version of the prediction data ivlative to the video block being
coded. and may select the version that ic closest.
[t)t)96[ A similar proc(ws occur with rcspcct to iiuplicit
weighted predicnon dam ivhen the implicit iveighted predic-
non data is ac le»ted rclativc to thc dclaulr &voice)tcd pied iction
data. Ilia& is. il'-D analysis unit 64 sclccti thc implicit
wcightcd prcdiction ('IMPLICIT" 205), explicit wcightcd
prcdiction unit 58 niay b- involcd to calculate explicit
iveighted prediction data and compare such data to explicit
v cightcd prcdiction data that uses thc implicit ivcights. T)ns
a) loivs for offset in the context of unp lie it weights. In particu-
lar, exp lie it weighted predictioo unit 58 may calculate explicit
weights and explicit offset (211) using corn'entional explicit
weighted pn:diction dcfincd by ITU-T H.264. In additiou,
explicit &veightex) prediction unit 58 uiay calculate offset
a sociated with the implicit iveights (212). Offset calculation
unit 62 may b- invoked by explicit (ieightcd prcdiction unit
58 iu order to calculate the offsets as described herein.
[tlt)97[ 1&»phmt ivei hied pre hei«)n urn& 58 can &hen gen-
er its iwo (bl)ereni vers)ons ol pre&henna d ii ) lu tlus case,
exp)icit weighted prcdiction. unit 58 may perform explicit
weighted predmtioii us)ng implic)i wei his;md Ihe corre-
s)x)uding otlset (2)3), snd msy also pe&firm explicit
wcightcd prcdiction using calculated &i eight) and thc corrc-
spouduig exp lie ir offset (214) These tivo different versions of
explicit wcighrcd prcdiction data (onc bc)ng calculated
according to normal cxphcn wmghtcd pr(xtiction and thc
other bcuig calculated using implicit ivcisvhts ivith thc addi-
tion of offset) mid thc iuiplicit wcighrcd prcdiction with or
ivithout rounding can then be sent to R-D analysis unit 64.
R-D analysis unit 64 may s" lect &he prcdiction moCk b ised on
an R-D analysis. In particular, R-D aoalysis unit 64 may
select bctii&xn thcsc nvo dittcrcnt vcr&iona ol explicit
weiglned prediction data (one being calculated according to
normal exphcit iveighted prediction and the other being cal-
culated using implicit weights with dic addition of o)fact).
R-I') analysis &mit 64 may consider the similarity of the dif-
ferent version of the prediction data re 1 a &ii e to the 4 ideo block
being coded. and may select the version that is closest.
[0&196J The techmques of tl«4 d)scl&isure )nay be &mple-

rnented m a willa vanety o I &lev)ca 4 or)ippar )i uses. )nclu(bng
u wireless l«in&lie&, und in&«maes) circini (IC) or a sei ol I('4
(& L, a chip «L&) Xny colllpouL)114, u««lil)L4 or oil&is IL')ve been
&leicribml pm& ided to amp luivire lime&«mul &)spec& 4 1m&I &loci

not n(ece(sanly requin: rm))isation by dillerent hardw&ue
units. The leclmiques describml lmrein nuiv &i)su be iiuple,-
mented m hardware sofiware. tinmvare, ormiy combination
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Ihereo f. Any f'en& nres descnbed Bs nnidnlew urn&a or compo-
nonts may be &rnplementeJ together in an iotc mteJ logic
device or sepurut ly ns Jiscre&e but iotvmperuble logic
levices in some cases. vari&&us fe,Bores &uay be implemented

as Uii uaegl'U&csf cii'crt&i device. &Ucli as UI& &ritegi"i&UJ c&K&itt

clup or chip set.
[UU99[ If unplcincuted in sofrware, the tcclmiques may bc
reulwed at leus& mpur& h& a computer reudable medium com-
pnsmg ms&me&iona that, when execu&a&i m &I process&it, per-
fiinns onc or morc of the methods dcscnbcd aboic The
computer-readable medium may comprise B computer-read-
able stomge mednun and may foun part of a computer pro-
p&a&11 pr& IUct, wlln.li &I&&tv'nclude p&ickaging materials. 'I he
comput r-readable storage mediinn may comprise rundom
access ntcino&y (RAM) such as synchronous dynmnic ran-
dom access memory (SDRAM), read-only mmuory (ROM),
non-volntilc random access Incmory ITSVRAM). clcc&ncally
crasablc progranunablc read-only memory (EEPROIvI'i,
III,A5 I I memory, magnetic or optical dam storage media Bnd
th" like. Thc tcchniqucs additionally. oraltcniativcly, maybe
rmilized at least in part by a computer-readable commuruca-
ti on me&brim that carries or communi ca res code in thc tbrm of
in trnctions or data stnictures and that can be accessed, read,
an&L'or executed bv B computer
[01001 The code or instructnuts may be executed by oue or
more processors, such as onc or more digital signal proces-
sors (DSPs), general purpose micro processors, au application
specific inte rated circuits (ASIOs), field prog&iummable
logic arravs (FPOAs), or other &xpnvafcut iutegra&ed oi dis-
crete lo ic ciicuitry. Accoidingly, tho tenn 'pmccssor," as
used herein uiay refer to any of the fbregoing suncture or auy
other stn&cture suitable for implementation of the teciutfques
described hcreiri. fri addition, io sonic aspects, the function-
ality described herein may be provided within dedicated soft-

waree

nuidules or hardware module~ configured for encoding
and decodioa. Cr incorporated m a combmed &iden corlec.
Also. ihc tccluuqucs could bc fully iinplomcutcd iu ouc oi
more circuits or logic elements
[01011 Thc disclosure also contmnplatcs any of a vancty of
mtegrated circuir devices &hat uiclude circuitry to unplement
onc or morc ol thc tcchmqucs Jcscribcdl in this disclosure
Such circuiuy may bc prov&J d in a single in& grated circuit
chip or in malt&pic intcropcrablc intcvgmtcd circuir chips in a
so-called chipsct. Such intcgratcd circuit dcviccs may bc used
in a variety ofapplications, some ofivhich may include use in
wirclcss conununication dcviccs, such as mobile tclcphonc
handsets
[01021 Various embodiments of the iin cation have been
described. These aud other erubodiments me v;ithin the scope
of thc following claims.

I A mcrhod ofencoding video data, &hc method compris-
&Iig:

sclcctingbcnvc n default&vcightcdprcdictionand implicit
weiglited prediction,

upon ~electing default weighted prediction. ~electing
between explicit &ver/&ted prediction based on calcu-
I i&ed wei JI&s Bud oxplici& weigh& wl prwbci ion b is&xi on
weights defined by the default iveighted prediction;

upon sclccting implicit wcipvtcd prediction, selecting
between explicit &ver/&ted prediction based on calcu-
l&i& d weights rind cxphci& weigh&erl prwliction baserl on
weights detinod by fiie implicit iveighted predict iim, and

ericoding th video &lat i unrig &veivt&cd pr&xhcnon dutu
defined by the sehvtions.

2 The method of crim 1, fiirther comprising
encodmg one or more syntax elements to indicate whether

rr unding v as used

3. I he method of clio m I, w harem
prcdicrion data associated wirh the cxplicir ivcightcd prc-

diction based ou ralculated weights includes a first off-
se& v iloe,

prnliction data associated with the explicit iveighted pre-
d&ct&oo based on weights defined by the defanlt ice&@&ted

prc&bction includes a second ofTsct I Bloc md
predicuon data associated with tho explicit weil»ted prc-

diction based on iveigh&s defined hy Ihe implimi
v;eighted prediction includes a third otfset value.

4. The ruethod of claiui 1. wherein upon selectiiig the
default weighted prediction:

first pred&cti&m data associated w ith flic explicit weigh&cd
pre&bc&ion bused on milcn late&I we& his uiclmles ii lira&

offset value, and
secor&i prcedht tie&i data Bssociatcedf w&fii tire I'xiii&crt

wcighuxl prcvfiction based on wcigdt&s dclincd by the
default iveiahted prediction includes a second offset
Ctrl&i&!

5. The method of claim 1, wherein upon selec&in the

unp licit wcigh&csf prediction:
first prediction data associated with the explicit weighted

prediction based on calculated &veigtts includes a first
offset vah&e. Bnd

second prcxfiction data associatedl with the explicit
we& hted prediction based or& v eights defined by tire
iniplicit weighted prediction iocludes a second offset
value.

6. A vid o encoder app;unius rluit encodes video &bits. the
vidceo encoder Bppamtus comprising.

a memory that stores the video data; and
a I&i&it&oil coiiipeilsatioit Uii&t &liat.

sclccas bctwccn default weighted prcdiction and iruplicit
wei hte&f pred&ctuml

upon selecting default iveighted prediction, selects
l.et&veen exphcit weiglited predicti&m based on calcu-
lated weights and explicit iveighted p red i etio abased on
&veigts detined by the dethult weighted prediction;

upon selcwting implicit weighted predimion, selects
between explicit weiglited prediction based ou calcu-
lated u eights mid explicit wcightcd prcdlictiou based on
weights dcfmal by thc implicit weighted prediction,
wherein tlie vxlwi ei«:oder apparatus encodes ihe video
data using iveighed prediction data defined by tlie &elec-

&in&is.

7. Tlie video encoder apparatus of claim 6, ~herein thc
video encoder Bpparatns encodes one or more syntax ele-
ments to indicate wlmthcr roundiug ives used

g. I hewdeo encoder appamtus ofclauu 6, v herein:
predicuon data associated with the explicit weighted pre-

dicuon irised on calculuted weights mcludes B lirst o&T-

set value,
prwlicuon data associated wiih the explicii weighted pre-

dicti&m based on v eights defiued bv the defaultweighteJ
pre&bet&on uicludes a second offset value. mid

pr&xftctton data associated with the explicit weighted prc-
&lic&&on based on iveigh&s de&inc&I hy Ihe imphcit
wcightcd prcdiction includes a third offse value

9. 'I he vide&i encoder appar&Bus o I claim 6, &Shee in upon
the motion compensarion unit selecting the default weighteJ
prod&Clio&I.

first prediction data associated with the explicit weighted
pre&bet&on based on calcudated iveights uicludes a first
offset vah&-, and
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iecimd prmbctiim data ««neil«ml with ihe explicit
wcightcd prcdiction based on w idtts define by th"

default weighted piedicuon includes a second ofi'set
v Iloiu

10. The video mlcoder apparatuc of claim 6, ivher "in upon
motion compensation ulut selectul the implicit weighted
prcdiction:

first prcdiction data asiociatixl vvith th» explicit iicightcd
predwiion fused im milculuteil wmghts includes i lirit
offset value, and

secontl prediction data associated ivith tile explicit
weighted predictmn based on ivcights defined by thc
implicit weighted prcdiction includhs a i»»olid oflemt
wl I Il e

11. The video encoder apparatus of claim 6, wherein the
vidi:v encoder apparatus comprises an iniegrated mrcuit.

12. Thc video encoder apparatus ol'laim 6. whcmin the
video encoder apparatus comprises a microprocessor.

13 The video encoder apparanis of claim 6 v it»rem the
video encoder apparatus comprises a wireless commurui w

till« dcvicc that iucluJcu a video»imoJ»r
14. A device that encodec video data, the device cmnpric-

alg:
means fcr selecting ben»can default weighted prediction

aud implicit lvclghted prixitctton;
«poll selectuig default lvimghted prediction, meaos for

selecting between explicit tveighted prediction based on
calculated v,eights and explicit weighted prediction
based on v;eighrs d finml by tbc detaulr lveighted prc-
diction:

upon selecnn iinpbcit v,mgbted predhctum, means filr

sclccting bctiv ccn exp lie ir tvcigbtcd predict iotl based on
calculated v eights aml explicit weighted prcdiction
based on wmghts deiined by the impbcit lveighted pre-
diction: mid

nleans filt encoding the ville« data usm weighed predic
tion data dclinctl by thc clcctions

15. The device of clmnl 14, further conlpfising:
meim for encnilmg nne nr mnre ayniax elemems In mib-

cate whether rounding was used.
lb. Thc ikvmcc. ot'clami 14, v.herein.
prcdiction data misocmtcd with lhc explicit lvmgh«xl pm-

diction based on calculated lveights includes a first oft-
sei v:ilue,

predictioti data associated ivith tile explicit weighted pre-
dictiou bast«I on weights dolincd by the dofault wearied
prcibction includes a second oltbct value, and

prediction data associated ivith the explicit lveighted pre-
diction biised im weights delined b) Ibe imphcit
weighted prediction lllcludes a third offfet value.

17. Tlie device of clainl 14, whereui upon selectulg the
d lmllt ivcigbtcd prcdictioiv

tirst prediction data associated with the explicit weifitted
prediction based oit calculaied weights includes u lirst
otfiei i slue. and

second prediction data associated with the explicit
wcivdtt»d prmlictiou based on wcidtts defined by thc
default weighted prediction includes a second ofi'set

vaiuio

18. The device of claim 14, wherein upon selecting the
implicit weiJtted pretllction.

lirsl predlcnon dlta assocl ltml with Ihe elplmit wei bled
prccbctlon based on calmdated tvetpts includes a first
offse valu-, and

seconil prmlmlion dais aisocmtml iviib ibe explicit
weighted prediction based on i»eights dehued by the
implicit weighted prediction includes n second offset
value

19. 11 computer-readable storage medium coufllrising
instructions that when executed cause a processor to:

sclcct berwc n dcfmtlt wcightcd prmliction. und iiuplicit
lvxughtetl prethction.

upon selecting default weigtted prediction. select between
explicit ivcightcd prcdiction ha»cd on calculated
weights and explicit weighted prcdictioil btsi«I on
v;eights detined by the detbult u eighted prediction;

upon selecting implicit ii eighted prediction, select
betiveen expbcit uetghiett preihct«ln bu ed on calcii-
lated weights and explicit weighted predictiou based on

weights defined by the implicit lveigh ted prediction, and

encode tbe video data usmg weighed predictiina data

ccfincd by the sclcctions,

20. The computer-readable nlcdium ol'laim 19, funher

col«prising ills true«olla that wbi n exe»Uted cain si'hi pfoces-
silt'o.

encode one or more syntax elements to indicate lvhether
rounding ives us&.

21. Thc climputcr-i»ad«hie mednlm of claim 19, ivlwrem.

prixbcuorl data associatod with the explicit wcigiitcd pic-
dictiou based on calculated weights includes a brat off-

set value,

predlcnon data associated with the explimt iveighted pre-
diction based on weights dchncd by thc dctault wc ightcd
precbctlon includes a second olfset 1 slue. and

prediction data as oersted with the explicit lucio+ted pre-
dictiou based on weigvts defuied by the iiuplicit
wciylltixl prcdiction im:ludos a thirll oifsct value..

22. The conlputer-readable mediiun of claim 19. wherein
upon selectulg the default weighted prediction

tirst prcdiction data associated with tbc cxphcit wcightcd
precbctlon based on calculated weigtts ulcludes a first
oil'set lulu», and

second prediction data associated with the explicit
weiglitml prediction hased on weights deiined by the
di:lault vciuhtcd prcdicfion includes a second offset
value.

23. Thc computer-rcudablc mcdluni ot claun 19. lvhcrcin
upon selecting tbe implicit iveighted prediction:

firsi pr»dictioli ibl ill is »crated with flie exphcit weightell
prediction based on calculated weights includes a first
offset value, and

second prcdiction data associated with thc explicit
weighted prediction based on weights defined by the
inlplicit iicightcd prcdiction inclutlcs a second offset
value.
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