1 CODI NG MOTI ON PREDI CTI ON DI RECTI ON I N VI DEO CODI NG TECHNI CAL FI ELD [ 0001]
This disclosure relates to video coding and, nore particularly, video

i nt er - codvogotixakesoques. BACKGROUND [ 0002] Digital videeceapabilokiizes can
be incorporated into a wi de range of devices, including digital

tel evisions, digital direct broadcast systenms, wreless broadcast systens,
personal digital assistants (PDAs), |aptop or desktop conputers, digital
caneras, digital recording devices, digital nedia players, video gan ng

devi ces, video e ﬁﬁiﬁ DI 16K tEHPH es, video
t el econf er enci n@;@gg\\}i ces, m t he ﬁﬁe()ﬁg 3?%@* @ﬁje%)?c%ds) ?Nrrp enment

vi deo conpression techni ques, such as those descrlbed in the standards
defined by WEG 2, MPEG 4, ITU-T 264/ MPEG 4, Part 10,
Advanced Vi deo Codi ng (AVC), or Mﬁé@@lﬂuﬁfﬁ% h Efficiency Video Coding
(HEVQ) st agdmnqi ,Th%n&is&éfstu@@l%lé%ksto%de%%ﬁm%taﬁﬁdﬁB artti&nérrﬁwﬁd@btm@n@bdi@g:el ve
digital eo information nore efficiently. |0003] Vided conpression

t echni ques tgsbnfquesn spati al predi ction and/ or tenporal predi ction to reduce
or renove redundancy inherent in video sequences. For bl ock-based vi deo
coding, a video franme or slice may be partitioned into video bl ocks or
coding units (CUs). Video bl ocks ipA@KGROW@WNDoded (1) frane or slice are
encoded usi&g spatial prediction with respect to neighboring bIocks Vi deo
bl ocks in dM002hRigitedodder crpabilitBy qapabre ingprrorated infaya iygde i off dprieasi ction

WL T esPegll A IRRORI A BAOCKRLN DS SAMRELT ARG, iR OpchamRE"

pr ediction w ect erence pl C ure

bi di r ect i ongdterps, egm@@mﬂ diBitalf aiseanay PPASHARPtopS bﬂgiebktdprmﬁpma,l dlgltal
prediction to cal tetvvo npt|on vectors fromtwo differe reference
picture |i %@eraﬁféait iTSERIAIG dsiees.i dgitad fmeshia plagerss videq géﬁ‘iﬂlgo‘ﬁf‘é”qeﬁ’s‘fl

o PSS T sl e Sl s ek (B e e

froma si ngﬂlghkeefbr@ﬂabmdpo de‘ch)eﬁs ihipddmertt N@thompaéslsmnaedhmsxu%mfsudaa& those

pictures. 2 ribed in the standards defined by MPEG-2, MPEG-4, ITU-T H.263, ITU-T
H.264/MPEG-4, Part 10, Advanced Video Coding (AVC), or the emerging High
Efficiency Video Coding (HEVC) standard, and extensions of such standards, to
transmit and receive digital video information more efficiently.
[0003] Video compression techniques perform spatial prediction and/or temporal
prediction to reduce or remove redundancy inherent in video sequences. For block-
based video coding, a video frame or slice may be partitioned into video blocks or
coding units (CUs). Video blocks in an intra-coded (I) frame or slice are encoded using
spatial prediction with respect to neighboring blocks. Video blocks in an inter-coded (P
or B) frame or slice may use spatial prediction with respect to neighboring blocks in the
same frame or slice or temporal prediction with respect to other reference pictures.
Video blocks in a bidirectional predicted (B) frame are encoded using bidirectional
prediction to calculate two motion vectors from two different reference picture lists,
traditionally one list of past pictures and one list of future pictures. Video blocks in a
unidirectional predicted (P) frame are encoded using unidirectional prediction to
calculate a single motion vector from a single reference picture list, traditionally a list of

past pictures.



SUMMARY [0004] In general, this disclosure relates to techniques for
reduci ng a cost of coding prediction information in video coding. A video
bl ock of wo 20m@ses00ded vi deo franme may be coded using ectrhseoa/n44732

uni directional prediction node froma reference picture in one of a first
reference picture list and a second reference picture list, or a
bidirectional prediction node fromreference pictures in both of the first
and second reference picture lists. In the emerging HEVC standard, a
generalized P/B (GPB) frame is intrague®faR§at may be a special case of a
bidirectional predicted (B) franme concept. Video blocks in a GPB franme are
encoded usi[0@P4lipn tgentrab thstdistosuectabates tatechhigtesdfor rodnciref ercestcef padengir es
in two separate.reference picture lLists, that are identical. A reference

o cture. ) SroigipaRiron gt 7P gotoBers sifp St o Fhiiintel vidharires
[0005] Wem e @fdell hisinkitEeNGRidREGlonbEpeliRtisn hiddPTRIEh h&Era¥epichhe Pt her
reference picture list, it may be nore efficient to, by default, use the
preferred oafef edgst rpicsange @idturstlist ord updcand edfeicoerapicpretstcel hidirTefianal s
especial ly true. when GPB frane is enahbl ed ch that the.figst and second
e er ence” B il RS el B pleBur At T o € Buk 84 o BRg I R e R <
and second lis8f emeie enfergihp HEVC Stadamly abentistiged PB (GPB) Faetiioidtoduced
predi ction. The techniques of this disclosure include coding one or nore

synt ax el edaitaay; bech Sngcishepse 19he bidifacherpl prosiigicd Blcarmeicenseply e blockhe

uni di recti ohglpg ?ﬂhfet airg %g&ﬂtﬁ%g ngf;ngﬂllp;t%f[%%?tﬁoql & !Eo?% ?351‘8{1‘18%8%&}1 WiErehtl &

reference picture list ctional prediction node using |ess

t han two bipicuref G0N scharteerefongice picure disisehiti apd alenSgaht Axretrane pictimorisa
notion prediction direction of a video block may include a first bit to

i ndi cat e mﬁ%ﬁﬂ%%ﬂ?ﬁgmﬁﬂV&?£@E@FQﬁﬁﬁIeg?@HFgaPEH“%Dde or the bidirectional
predi ction [p§ykg Whetl8Rd of hERIOMRL PR1E AR R @%Eneé"tﬂzeﬁ tHRE6MRA rdbfentO
indicate the reference picture list used for the unidirectional prediction
nmode. | n t ipectgadest,af magidrt el cffieketr ®nbg defavttune the preferrehecfeenanpicture  of

t he conventi opal syntax el enent .be redundant as eit of t.he reference
i cture 1 0y B Gl prionn e Srio e O Phie BRE oGk ER0wer SBIGRA Gt 1 on
node. In tRecicasetheffira uetemdadfcraice hanes 1RisGré iRnlita! In tHAE cA¥Nit%r of

el ements may be coded by assigning a value to represent the syntax el ements
i ndi cat i ng thahéirsgrandiseeasd isfrapncgrdefies ligs maydee wiadhfor agpbisetions! frededtionence
picture in e RLeL el Lefld AL SRCERLE LU, bhob: mbRSOLALNG Lo N oy
techniques,lkhe sﬁh ax el ement’s nayuge pro%agl i?& Pased or bl nariZed such
that the asistgnedbovidbeleismmycdasihesise o uhidire&idnal prcticebih Aide G Ercsidae
techni ques reduce a nunber, 3 of bits used to code the syntax el enents

i ndi cat i ng @ ReHBICE PIGRIEIN A Teberericr RieuroHstiand tha didifegdenabpsrdictiqnonedy | n
one exanplqmm%hgmqgﬁgkgqﬂ&e is directed toward a nmet hod of coding video
data conprisifig coding a video block of a video franme using one of a

uni di r ect i ¢0@06] poedkahplon codentidriahsynespecmettdona heftien nakctfuncdittcgon of a

reference picture |jst and bi di rectional prediction npde,. and codi.ng one
or nore sym\a_sie?elgl@ﬁ%ﬂeaé/ RYIOE &t 'ﬂﬁbgltt ﬁ%ﬂmﬁ?ﬁé? WHGHET BIeBROF & ioBHeHSIfG  he
one of the hicdid GetigR&kioRIISSEELIAN nRESs Wstd «d BRRRENE QidddevIbal emance

picture in the reference picture list and the bidirectional prediction
nmode, wher eteontdhst &y mdacatethenefirencarmmctondbst ussil dgr theswidineotionaloprbdicgon

[ 0008] In anof her  exanpl t he . disclosure is directed rd a video coding
evi cb. comprar 1 15 FiSRaF jebiic FeRGreSHfes Rud hEFtPin bl B fnettanh
processor tshiathx CRARMt Mayl BleRIBhAGK a9kitRerVdfaae réfcrNBe Prohite 1RREMEY bR used

uni directional prediction node with respect to a reference picture in a

ref erence pitetchprgckblyt fozrle ankligictienal insedirtiqey ewidet i binthepetse afndl peddeieed one
or nore sy ent sq.i.ngdjl cat | vi.de K. i ded i t he
one of t her}%f%%%él?ér ZD(@P %ng%t’ gllrleeg}t)l%:t?)?c?&lgh?réﬁl e%\%yt hgrcgcsi%ie% %SICS)%F}%% fge\faglfeegoge

pi cture i nrépresehefhersgmae cRnehtiriedicatitg adnidiectivndl pediction alodprdt etpeon
node, wherein the syntax elenments are coded using |l ess than two bits.
[0009] | n & fureienceisiice n tthe MESErdsisiacncs piclsetlsy t oweeding (a deo
codi ng devi ISl o [ v I - ' fy ame
usi ng-one. FTAEar e s TR CRag B RELAI AR BXnlocd SRRy BET,
pi ctur e i n assigedenbroeaypbclcsy thah tved biandnaitherdiase ¢hid tecladiques edduct manmbode,
and neans for coding one or nore syntax elenents indicating that the video
bl ock is coded using the one of the unidirectional prediction node with
respect to the reference picture in the reference picture list and the

bi directional prediction node, wherein the syntax el enents are coded using
| ess than two bits.



[ 0010] In another exanple, the disclosure is directed toward a
conput er -readabl e st orage nedi um conprising instructions for coding video
dat a t hatwoupmmisssecuti on in a processor, cause the proeesaseotio44ete a

vi deo bl ock of a video frane using one of a unidirectional prediction node
with respect to a reference picture in g reference picture list and a

bi directional prediction node, and code one or nore syntax el enents

i ndicating that the video block is coded using the one of the

unidirecti - j Ccti 1 ; . f j in the
QRRkits RE&HCLddR Qg@?ﬂgaﬂ%ﬁgﬁﬁh@%ﬁﬁﬁén h Bfotlonl REGRGSh BirCdidh &of

reference picture list an Irection predi ction node, wherein the
synt ax el erientigde@bleclcoded using | ess than two bits. BRI EF DESCRI PTI ON OF

DRAW NGS [ FIG 1 bl.ock diagrami]|ustrati an. exanpl.e vi deo
encodi ng anILdbamhG he et EREOs RS BETa BN Rt et B R oo i Ty
codi ng predbmiptisingi fddmat {igfo flscky b QOvIRILO ClikEmOfusmgVbite o f fa anRlirebtihhP]
FIG 2 is a conceptual diagramillustrating an exanpl e video sequence that
i ncl udes GpBdistemenod§ eathatespicGto 3 icserends| peturalinagrraferdnick yxetpest i gngdna
exanpl e videp encoder that may inplepent techniques faor efficiently. coding
ot e ct 1 on TAFSPGE PR P oM hieBHRE oat 25 "DhrdssTys SlraRnbobifing wify' 1

a bl ock di algs aebl blogt iatdbdid @inexiaTphe ofithe antiieod@lal thedictithy mod® | varent
techni ques for efficiently coding prediction informati on for video bl ocks
of a video¢affeto v 1dPremparrtyg W theoygleranee pIatyst isht andg then bidiaehinmel

g}oer ation %&E&@%%&%, alhéf-egg%lg sg{ﬁtﬁx SRR 3?4 %B%Hhsihg%sg ﬁ{(fm&otbﬂ@.t a video
ock of a rane s coded using a unidirectionar prediction node.

[0008] In another example, the disclosure is directed toward a video coding device
comprising a memory that stores decoded reference pictures, and a processor that codes
a video block of a video frame using one of a unidirectional prediction mode with
respect to a reference picture in a reference picture list and a bidirectional prediction
mode, and codes one or more syntax elements indicating that the video block is coded
using the one of the unidirectional prediction mode with respect to the reference picture
in the reference picture list and the bidirectional prediction mode, wherein the syntax
elements are coded using less than two bits.

[0009] In a further example, the disclosure is directed toward a video coding device
comprising means for coding a video block of a video frame using one of a
unidirectional prediction mode with respect to a reference picture in a reference picture
list and a bidirectional prediction mode, and means for coding one or more syntax
elements indicating that the video block is coded using the one of the unidirectional
prediction mode with respect to the reference picture in the reference picture list and the
bidirectional prediction mode, wherein the syntax elements are coded using less than
two bits.

[0010] In another example, the disclosure is directed toward a computer-readable
storage medium comprising instructions for coding video data that, upon execution in a
processor, cause the processor to code a video block of a video frame using one of a
unidirectional prediction mode with respect to a reference picture in a reference picture
list and a bidirectional prediction mode, and code one or more syntax elements
indicating that the video block is coded using the one of the unidirectional prediction

mode with respect to the reference picture in the reference picture list and the



[0016] FIG 6 is a flowhart illustrating an exanple operation of decoding a
single bit syntax elenent indicating that a video block of a GPB frane is
coded usiwg 2a1vmsedor ecti onal prediction node. [0017] Fl &ctiste1@4478pWehar t
illustrating an exanple operation of encoding one or nore syntax el enments
indicating that a video block is coded uysing a unidirectional prediction
node with respect to a reference picture in a reference picture |ist using
| ess than two bits. [0018] FIG 8 is a flowhart illustrating another

exanpl e oP&fatdo00n 0 fHr&RGRA ABONEhEEin TRE 8y YR LR Bl NModcd ﬂgthg%gsrtgaﬁ hat a
vi deo bl ock 1s codeg using a unidirectional prediction node wth respect to
a referencéwpbdgsure in a reference picture list using less than two bits.
[0019] FIG 9 is a flowhart illustrating an exanple operation of jointly
coding a first notion vector and a second notion vector for a video bl ock
of a GPB franme encoded usSiBRIEF PESURAPTIONRCOFDRAWANEN node. 5 DETAI LED
DESCRI PTI ON 0020% This disclosure relates to techniques for reducing a
cost of codﬂ&@]ﬁﬂ dil a3 & blockrifiagramitillesirafing wi ¢semplgdiiday. cnsodind@od slcerkndf  an
| nt er - coded L LATE, MR B GOISd RN G eI HRSLE Hifl LEGhlRRBEerbe hon
node with 5y5|ng & moti bn'vectordw R respecykfo dgpé¥%rence picture’in one
of a first vikbayeuksof pivideyfanid st and a second reference picture list, or a
bidirectional prediction node with a first notion vector with respect to a
reference POkAFLS Enistheonqeptipl dispesna ilestistiag iane cxqnaple Fidpoaseserisdthabt i on
vector W th hespegn hE9ndsreference picture in the second reference picture
list. In certain exanples, this disclosure relates specifically to cases in
whi ch a gen@disl] iFi€d 3PisBa (&) dfagene illssteriap| aadcesingiie thiddo thwdbi tistt ramd
second reference picture |jsts are identical.. In general, a referenc
picture |i é@PG’WnE@C%rPﬂ‘éers at v Wﬁ}’ 8‘?@% BE?%EC&O%H ripadoBy fap¥idee Lg’ﬁgs ‘Pf%t.
[0021] The {&eingues of this disclosure include reducing bits to signal
one or nore syntax elenments indicating a notion prediction direction for a
vi deo bl ocK00MhdiGoreisot llbek defzementbestpiiog umectdngtls videoprdedoder dtht ouar t he

Che pr of er PBOCTE b EHasife ePionTEFofte PRHE G rtibratircRiy e BB pioh

node. Thi s igogsgci ally true when a GPB frane is enabled. In that case,
either of the two identical reference picture lists na¥ be used for the
uni di rect i dO@IS] giled? et # Sawebere ilushating ath axajuple operatipn of ghepdingsaypaglenit ude

coding one or none syniax el enpnts i. di%?tkng th%& he videa block |s coded
. S'Yntfur('l clement. ndic e tat & videq bloc f a rame 1S~ coded 4Sing ca

usi ng one O e unrdirectl al predicti on node W respect 0 a reference
pi cture inuaidietesmnpeditiohwiodel i st and the bidirectional prediction node
using less than two bhits. , , , , , .

[0016] FIG. 6 is a flowchart illustrating an example operation of decoding a single bit

syntax element indicating that a video block of a GPB frame is coded using a

unidirectional prediction mode.

[0017] FIG. 7 is a flowchart illustrating an example operation of encoding one or more

syntax elements indicating that a video block is coded using a unidirectional prediction

mode with respect to a reference picture in a reference picture list using less than two

bits.

[0018] FIG. 8 is a flowchart illustrating another example operation of encoding one or

more syntax elements indicating that a video block is coded using a unidirectional

prediction mode with respect to a reference picture in a reference picture list using less

than two bits.

[0019] FIG. 9 is a flowchart illustrating an example operation of jointly coding a first

motion vector and a second motion vector for a video block of a GPB frame encoded

using a bidirectional prediction mode.



[ 0022] The techniques of this disclosure also include reducing bits to
signal notion vector information for a video bl ock encoded using the

bi di rect iwoab1ynedbcti on node. One or nore bl ocks of a @PBUscamm44am@y be
encoded using the bidirectional prediction node with two notion vectors
fromeither the same reference picture of substantially simlar reference
pi ctures. The techni ques of this disclosure may include jointly coding the
first and second notion vectors for a video block of a GPB frame. [0023]
FIG 1 is a block diagramillustrating an exanple video encodi ng and
decodi ng system 10 that may utilize techniques for efficiently coding
prediction information for vi dRBTAILERDBSCRIPTHON frane. As shown in FIG
1, system jncludes a source device.12 that transmt ncqQded vi.deo to a
desty nat 1 on0RA T She ot do it dpEidton TOnisdhene 6ol of SHIPEHEREL 52
and desti nagfoRRatdRVinCeiddd cBBivigCONPHESELRBY oPfandinWrdsdéPnamcthaye¥iegsd | n
sonme cases, source device 12 and destination device 14 may conprise

wi rel ess caonmgreitbend gndidesiippdpredietioncaadcwihraningdg @otor eectorivivh raap¢cdto over
a comuni callpn. cNINNEL i Gne bRa Wl GLRARE nEOMTHN S0 ] OR CDANOE) 05

W rel ess. de ﬂﬁ ?Qe‘%gcﬁﬁlaues ot ?%IS GPECtosr € howdler: Feh“eohcern
efficient dedidica pidtEdiadprédiétivhmbienviflon fukdantibh ock®r vAkE r@dpéct to a

necessarily limted to wireless applications or settings. For exanple,
t hese t echriff§isase migjurap it yha Brshyelerange pigtyretlist avdl i weordt Mdieastestor w4l e

tel evi sion 1,.SSl L L8] A 0 | t
vi deo trangﬁéggﬁghgéhgﬂgg ég&%fgﬁégf&ébgggﬁ%ﬁgibﬁgﬂéﬁggﬁgd%§ﬁ$5g%ﬁ§$§Fage
medi um or tlok kiéclsaenalaa spedd cadydionglsys, incwhich ai geatiatined Pl (@PB L frama s
conprise any copbination of wireless or wired nedia sujtable for

transmi ssi GRAQF @Wé&h@&ﬂ@?&&n@aﬁ%ﬁ5?%%&@%1&8%6 155 a&e4ldﬁafgﬁa§oh@pg<f%ala%y of
a variety QffeWnbeficRire Wt rRdyeSSaliRdiidcHeUReS (GBS R At dn%: fig! ephones,

smart phones, digital media players, Set-top boxes, televisions, displays,
deskt op confRl¢ride tpdmiqish @f chinpliscdossre trmbldetredompgibes ¢ sigaal o conwot es,
portabl e gam n evices,.or the like. [.0025]. In the ex I f G 1
Cour e dev rRRas stemiar ks Shns f eyl e oretirPigh et BB Toss; et ot
nmodul at or / demmdirate ficmaeis BoraRted ol éraRs Bitet effekfec %a@fufré N&t itQRaydeyi ce
14 includes a receiver 26, a nodem 28, a video decoder 30, and a di'splay

devi ce 32. maicoefiistene xtanphye slefalts ousec ghed velemedingfacnes pictiei bst devitee nay

i ncl ude ot her,.conpaonent.s .or ar fangement s For . exanpl e PRUECE devi £ 12 may
. ; mdugcttl na, Iplredlc‘uon modg, 15 Is especia {rug na G ame is“¢napled:
recei ve video data from an external video solurce , such as an external

canmera, a Vhdeq &kerédger afaht tRo idetRaprifeieny piehire Jissomag ehe @edt foe thd ke.
Li kew se, destination device 14 may interface with an external display
devi ce, ratpitircetinel predictian mpdsn Tihg techpiguetolthisdisglosyes inglude codpg pnape
illustrate S 1 Y I C R rgl.y & 1o i S
efficient 21603%{”%@1%1};( glre fe?lafl{gt 1ﬁi(t)hn }drlﬁs odrmnaﬁlleo\r?{a? (grtﬁw deogg?ﬁﬁgﬂha%;{%bgf the
perfornmed lyidurytichiatptediction chemlcemitiocispert amd referedec pdiung irde véferencelpieture

techni ques may al sp. be perforned by g video encoder/decoder, typically
referred téls%lé‘de{[l‘e %E@}Qnalﬁqeg%{[}g?m RESNB AL é%’oé’llt_st his disclosure may
al so be pernhenmatheWcimhiyi-dT RISCREAEEIS Also iROMEE SeHRMICRitsl o &BAald@SEd at i on

device 14 are nerely exanples of such coding devices in which source device
12 gener at esctopddormdtivedodatvaddoorlotk amwdid shiog thobdesttionat pdictieningmlc14. | n

manner . SUCIEHIT A0 e eersraght bR ST U5 b Rcond ERE i ng
mode with two motion vectors from either the same reference picture or substantially
similar reference pictures. The techniques of this disclosure may include jointly coding
the first and second motion vectors for a video block of a GPB frame.
[0023] FIG. 1 is a block diagram illustrating an example video encoding and decoding
system 10 that may utilize techniques for efficiently coding prediction information for
video blocks of a video frame. As shown in FIG. 1, system 10 includes a source device

12 that transmits encoded video to a destination device 14 via a communication channel



7 conponents. Hence, system 10 nmay support one-way or two-way Vi deo
transm ssi on between video devices 12, 14, e.g., for video stream ng, video
pl ayback,wwoi2demibssoadcasti ng, or video tel ephony. [0027pcYisem1smmsre 18 of
source device 12 may include a video capture device, such as a video
camera, a video archive containing previgpusly captured video, and/or a
video feed froma video content provider. As a further alternative, video
source 18 may generate conputer graphics-based data as the source video, or
a combi nat i1n Qfudd &ict! Bohd MERINAUNIA0. maNdofBARULRY o APRRIAHAE: ¥ deo.
In sone cases, it video source 18 is a video canera, source device 12 and
dest i nat i onlediews. ¢ én bdmgrsasésosnuso-demick el emhdedinpiandsvioe 14 mep cpmpries. As
ment i oned aboYe, however, .the t.echni ques described in th%? d%fclosure may
be appl i cabT'EITS AHBEMEHIAGeY Aol r G, CHRBURKS o & 5P pif B fi8™ VLI %s s
and/ or W r dmaRRplidatioh tRnel 16) i€ AaRhCAKEonihigniE/ARIMWKEhel P6 & wABEYW ed, or
conput er-generated vi deo may be encoded by video encoder 20. The encoded

vi deo i nf or 0@24] dhenteghnigens dfe thin dlisicksers, hpwepetewinch geeereliofgeiey epding

comuni catign.standard, and.transmited to destinatio 2vice 14 yi

Cranom ¢ ¢ e UGGy b SRRTBEE | S5o 5 WBRLAAy RSP dipherurs or
ot her conpaepgiidasiofle s GagiAgs.Or F&ri @m@i(flmw,eatdcﬁmquérg angmpplero 2efe-dincl ude
circuits designed for transnitting. data, anludlna aan|‘Lers, filters, and
one or nor éclavipien haadepsid xaple) tglex sy, Wansaassignshsat@lite Gloyiias ipsmigsiQse
encoder 20 : ice- : i o; t echni ques
for reduci%g%géggéﬁ%o gﬁgﬁgﬁé%bgg%¥%§i%gﬂ?n g%ﬁg?%oﬁqggbég% g@ %Id%ﬁ%g For
exanpl e, OIi mnddiven cars ethof s@n{alﬁd)ﬂi ltAec(brtiing@} ogrmﬁl ;[m_ictaitio?hdhtaﬁh?;% i ﬁigp cemlq:)ddfr_ 20
may encode one or.nore syntax el epents indicatin at. e Vvide Qck is
encoded usi®AY CBRETEHOR REMIIHT PRYHFS Haqdlapwgaﬁetfplgﬁa%a%@}% ‘%ﬁ?%@iﬁ‘gﬂf} %o a
reference phLGt UL delicds 18 B alGec il &yl 4153 vandy tdrawRidbf S5t Q0 @hedia

predi ction node using |l ess than two bits.” The reference picture |ist my be
a pref err edcunes gfchtasonghikef telephancs efreare poencpi diguzlentdis pikryors, saitiem baxdSPB
frame is engbl.ed, ejther of two identical reference pi.cture lists. A

e orence BEHEPEs iSSPl oy Fogr ) S SR B ey e derpuldy diaiihe
frame |ist cofol@Npéridlc SarmAPdevicésNof e likase of a bidirectional prediction
node, video encoder 20 nmay encode one or nore video bl ocks of a GPB frane

with two nd@025 Iy dke exasmnifle oinfilio Li shavied daica &3 arcduflse apvidequpaurpd $8.svidemd
joint ly enceggoede% E%, t% ({lﬁ?a'{tlor err\lloed(lzlliacl?or1rs%fooc{ernﬁaff'ar?dc ttpa%sr\rlﬂt%?%4bl & L%'a‘ii Elhe two
notion vectofs may’ be oM T he Sane’r Bt erice p|c9ure Or*Sdbst ant i 4 ?y
simlar reflevieande ifulededaasceiver[26028odBRCHS, ¥ etidcd@lcodded 80} dndad digplagawice 14
receives informati on over channel 16, and npdem 28 denpdul ates the

i nf or mat i oR2- THeothar examRlpHL i tweRIASHE] apd dvdsstivaiignndaviceemanynglvdq other
synt ax i nf j i Vi d i i : vi deo
decoder 30 0FRbht, SFHHRRRTK L AR RERE ShpeD ughol 12 shiy ReoRe NaRA e
and/ or pr odessamgxtofnapyidde edurcn1{isutisad #Uernelodintegn, uniid fdbls) aohivother

units of coded video, . e.g., video slices, video franmes, .and vi deo sequences
or groups GPMBHE @F?’é’?lcéé%li’?f’z_o S ity Geb1e %—?Ha%%oa i%cet ﬂ%n&@dw i deo
data to a Usgfan &RdniBNs Vi RCraAY t1Rh iﬁclM@ilhg%hYnteéraQHElPs ?a)ﬂzdé‘%iéb.ces such

as a cathode ray tube ( Yy, a fiquid crystal display ( a plasm
di spl ay, an0®oddiiccillustrpted eysitann i lgoidFKalel (<OnERy dins pixampleor Tactoidqiss foype of

di spl ay devi.ce. .[0Q30] In accordance with this disclosure i deg decoder 30
of “Heat i natTHCHEONDS ofaPtrls b TR0 Bk S LSRG ERops BeideD Fo)
reduci ng a de@sl vidko cREldNEL MIBSH Edcb@ng idatios. Mt @thhRicy/nde alsb R GPesforied
exanple, in the case of a unidirectional prediction node, video decoder 30
may decode bgne vadeorpreodsydrcastere tentealys riferakd 49 s e { RODEGRSE Weawove dek i s

coded usin e LI |.0 redi cti i I ec a
et orence SiedRGRE ob s MR EMLEGALTNG P B B TG e nip hee
predi cti on devide 12samigddseifstidnhddviéem ard merclhexamples eficactpicediug elelicss iy be
a preferred gne of two different reference picture lists or, when a GPB
frame is endbtiegoures Whrice o2 geftsratere fpdedaridpe fdatie eI HISENHA [ desdinatign

anot her ex el f qa,:hi.dbr I r-edict .90 I
decoder 30Q%g§gf%iﬁ%%€&3%%o ggtﬂﬁ”ﬁ%ﬁ?bﬁf%%§?g§é #ggsg%%ﬁﬂgpygﬁgn%ﬁﬂﬁgre

vi deo bl ochsannfr auciPBhdtr eavh, ofinldvidec d@e ldadithafe wviieo vérmdedingl ack slcvaditg t he
two notion vectors fromtwo identical reference picture lists. The two
notion vectors may be fromthe sane reference picture or substantially
simlar reference pictures. [0031] In the exanple of FIG 1, comrunication
channel 16 may conprise any wireless or wired comuni cati on nedi um such as
a radi o frequency (RF) spectrum or one or nore physical transm ssion |ines,
or any conbi nation of wireless and wred nedia. Comruni cation channel 16

o, o e N o o



stations, or any other equipnent that may be useful to facilitate

communi cation from source device 12 to destination device 14. [0032] Video
encoder 29oaotk/mscdeo decoder 30 nmay operate accordi ng t @eca/vsceiem44732
conpressi on standard, such as the emerging H gh Efficiency Video Coding
(HEVC) standard or the ITU T H 264 standard, alternatively referred to as
MPEG 4, Part 10, Advanced Vi deo Coding (AVC). The techni ques of this

di scl osure, however, are not limted to any particul ar codi ng standard.

O her exa j u 1o Fl G
1, in sorremglg%gfééthg%' \flili% gégég%%%g?@?m gggg%ﬁﬁ V?ﬁgaﬁg&%é—?ﬁ%& ?r%oflt}eac Hk%OeIF

i nt egr at ed beivdenanideaidievicenctitiet4,angd., docoddeq sarammgy videl pheybagkpraopea at e
MJUX- DEMJX ynits, or ot h(%r%hlarlgmre and software, to handl e encodi ng of both
audi 0 and \PIRYGASIRE AT, A% stream or separate data streans. |f

appl i cabl e,[oddFX-VREM-Bubt 1850 EBYrcE ABYi0E M hidytihGudeTdhided bl del RE.8X%EH as
protocol, or other protocols such as the uSer datagram protocol (UDP).

[ 0033] The aHEY® samgrdat dideatardnvetérinmgaprevionsle dapmred wdeslandfor a videteo

ding devi ferre he HEVC,T d . The HM
cover o “addre BRE A odfaferti a5y Ale” bulRhhatiies G SHHBLIR AR

exi sting devh&es @wgtd depties-bBed datal akUhe Hodd/ s, orar caxiinmicn ofies eas
H. 264 provides nine intra-prediction encodi n(% nodes, the HM provi des as
many as t hividop. pehized videp sandreeaipstarganepied §idey. Abornae casopahyidaneowpd Hef er s
to a block:of wvide a I i EBY:-E-

bi tstream r%’gﬁ %llg I (r%%rqgllar 5@38%9%@%%@&%% ﬁx{/\iﬁ??ﬁd@gga aggg&g e(%:odi ng
unit in tercamenf phdresnoimhélcoophguiexel as mentipaireér @ovea hGhletas tlee sédtihlgats
purpose to a nmcrobl ack. of the H 264 standard,  except that a CU does not
have a si 26CHOeT AR (i isclpiyrs may @uamig?a‘ble 9 pidep Goding g snesal and inggebier al |
ref erences hmiddoSwitdSG! D8I Svitdd BpfkhttRY. LEERH dale, dhd IR, FOLhSredni t Of
a picture o ﬂé sub: QU of an LCU. %ﬁ LCU may be sp Tt %n 0 su’blfrCUsI%} and each
sub- CU may obeomputehgencsgied videmoy hetenChied Bynitdexerdatier Z0orThee dicbddd aden may
define a maxi num nunber _of .tine LCU may be,. split,. referred to.as CU
dept . Accol QTGS M iR e HANE L aneibm na Setidig & LOBMHBiaRoT
(SCU). [003khddrdChhd Batsntified ) ddsHhAthR dSRdd 14 TRrdnlbktHd @40 N6 m MR Bay
prediction units (PUs). In general, a PUrepresents all or a portion of the
cor r esponditfgudsUyarzgng infresiru dielécrsl aanaplifoars rost othery femgpencpist designed fonrsnel f or
the PU. For_examl e, en.the,PU is .intra-mmd ncoded,. t he PU may i ncl ude
data descr MBINGRRR; AEPEMtAGREvrR hObEE IROR, FRRERtor NGp TR bl e
when t he Pﬁhdl&dih@hﬁﬁhﬁﬁ@ﬁil&ﬁg@d@dne bh@oRUnf@yas.ncl ude data defining 10 a
notion vector for the PU The data defining the npotion vector may descri be,
for exanpl d0028]naracserdinae widhibordrmlosre. SO PBEdSH 20 aE sarce deviker ki gy be
conponent %Bnﬁélﬁ?&%té ] Ml%%&{ni% s%&%%hﬁﬁ%g cb roftct?&ing!btré QiohGfifMhafiéh 9- -
one-quarter pixel precision or one-eig I xel precision), a reference

pi cture to fahvidbo bheksmFoooxangdt,on thoicmesnf amddvect@nilefredietiee nidet video | 1 st
(e.g., list 0 or list 1) for the notion vector. Data for the fjning
the PU(s) BSPUT 28 YsTICPERONG o malcatyiiay, clgarnts idirifing ot t@%‘él%gfoﬁlﬁés one
or nore PU%ncd%ﬁthsiﬂéO@ﬁéTgf MRAGS dBNiotlll hRlicheh ekl Wﬁtrggjs’é_ctt {3€a (eicicSki P
or direct node encoded, intra-prediction node encoded, or iInter-prediction
node encodedtufe00 36k feAercl) pheivicrigst ené ther bidoeaioRuspradiytion swde nisingdessghan or
nore transform.units Us). Foll gwi n redi ction using a PU a, video
encoder - may R ASuI I Ea Pas oy s PR Do aro Fpfer@prettfoe

cor r espondipi@ureQists"6, Riden 2HEPE ERhURlenMAL U ShE06 @RPRBRkidaP rdbréRle Sikcfuter ence
val ues that may be transforned into transform coefficients quantized, and
scanned t o lissoducefcrsaes picture tistt manbe eltemaidedy rafereet o dsor refgrenaspyaneobstng. A
TU is not necessarily |limted t i.ze..of PL... Th TL rger
or smal ter "R Ebrpishat 5 0k b B RS itk B dsied e
maxi mum si Zgayodncadd bhérey ndec tileo dlacks of at GEB deinice®tbnebngot{dd. vebkurs from

di scl osure uses the term"video block” to refer to any of a CU PU, or TU.

[0037] Vi déyo adrabigarreterengp apiciirg distsgaechigailyzmeade the g mriiannyscione it ¢dcths any
Of a vari ety qof ;g 151891&? ﬁf%ct%%ot?dnr\%ld{o% Mra %g ﬁle%gﬁﬁ%fef&Eg icture or

m croprocessors, digital signal processors Y %si, application specific

i nt egr at ed sabstantiatlyg sinABl @frrenéd pkdirggr ogr ammabl e gate arrays ( FPGAs),
discrete logic, software, hardware, firmvare or any conbi nations thereof
Each of video encoder 20 and vi deo decoder 30 may be included in one or
nore encoders or decoders, either of which may be integrated as part of a
conbi ned encoder/decoder (CODEC) in a respective canmera, conputer, nobile
devi ce, subscriber device, broadcast device, set-top box, server, or the

li ke.



[ 0038] A video sequence typically includes a series of video franes. A
group of pictures (GOP) generally conprises a series of one or nore video
frames. AvG@P1I2mayssoncl ude syntax data in a header of thec@OR0m@ohgater of
one or nore franmes of the GOP, or el sewhere, that describes a nunber of
frames included in the GOP. Each frame nay include franme syntax data that
descri bes an encodi ng node for the respective frane. Video encoder 20
typically operates on video blocks within individual video frames in order
to encode tfifroyiRdROEASRof é‘esvlha%  RVARKARYIER! PESRANGY bOuiARALING, LR |
(CU) or 11 a partition unit e video bl'ocks may have fi xed
or varyi ng ngadees?8 dﬂdodrﬂgfcesdﬂfefleformatlm zéhaotomditiog comnasgesi évcedhaod! ng

st andar d. ch vi d inc | u allt of, sl s. Each slice
g el udd S G BE CYBE RO T RhyY M HeP st copp i R B e 50)
As an exanmgligo &é%@dé‘ﬂEB@ thes tnchRide lsyhtiM el SHERO ia® RE@THCEHaBRtd R tiVRh@YS CU
sizes. The size of an LCU may be defined by syntax information. Assum ng

that the sipreccsfingmoppieticion anitOP Vs, andamnumitshé Uvios athso pnigs oheadgd pidedi ct i on

in sizes of 2Nx2N of. NxN, ., a i nter-pr dlctlonlns e 2NX 2N,
NN, Rz o RS P e FhA SIS Shbihet Pr 2T, £ Figfipofudhy
inter-pr edlmtplwyld@flc&maﬂsblagzd\bheIaecdde&meoamh taI%xL%Bk ahdlna@mﬁ@hm gny of a
splitting, one direction of a CUis not split, while the other direction is

split intov2Royfadiydes deviecspBichiasm %th@%ra@:uu%u(%%dhbﬂlﬁ@ arystal HlsE0,

"Dt t o RPgnE DHRaAoifl UL Rt ooy BPUORR bR ok B9

split hori zgrtatldigplay ddvice. 2Nx0. 5N PU on top and a 2Nx1.5N PU on bottom

0040] In t | N "N by, N' N PU on bottom
Eo re%c er r]t &843%%?3‘;@% %}rcgre‘ﬁ%hr %dgsgﬁwgu + g ﬂeg&\é b.’@ éf(?esé{lj{] q%[ﬁ ang% y
terms of vegt G@'coﬁ’ﬁglrgﬂ) id %ﬁg%athe %dﬁﬁﬂﬁle S re%u&ng al@g%%f%ﬁﬁksp@éhcﬁ& by 16

pi xel s. I n géneral, ock will have 16 piXels in a verti cal
direction ( nyo:matﬁjn E)md/ldk:@ l]docxlel sFarnexamipd, |1lzd)htft edsc dif raewtidioectioralprédiption

Li kewi se, an N bl o rall has N els in a vertical,.di.recti and N
el Th Hads MR R o AEU R HeCiR o i Fer? sl LTS aishling St i 205,
val ue. The videsedisck R RJI& QQK%'&E&/obﬁleadtﬁ@ﬁ&@i@ndlfbrédi&fﬁorﬁﬁ@d@ wlmrfe@eci\%r@over
bl ocks need not necessarily have the same nunber of pixels in the

hori zont al r@ﬁere@é@ Pistiragn pacterpacy gicture élBt mdrfé@tbwbwct@ml péf;dacﬁwmemoctﬂ GRS may
conpri se N>fes bk {wd bit erl"ﬁe reflefsenneOt ichf S I l ?err fd ong’ of{ 004&'1% t

Fol | owi ng i AL ra predrctive of Tn eb™ pre |c i e co 0 produce AP for a
CU, video eﬁ%ﬁ(ﬂ% pﬂzﬁlréfﬁyts oahdichat@PB G@hﬁd@bmﬂﬁé@eﬁ&r@fﬁd@f&nﬁm réfercies e
transformunits %ﬂfor the CU. PUs nprise pixel data in
the spati a|plcdwehsw (& ywthearsppaly, trbtha§a%6rféf %Plﬁ%fPCt%ﬁjaPrﬁ?hCU%moéiemée%f t he
CU may CP”Q{"e&fa%r 8§66 % g?l'nﬁ td%cd thvB eIt ANSERE Tot Q4 dPong of n}oré QJd%%QEs
application of atra suc as a discrete cosine trans , an

i nt eger tr afiaf@@Brframeyandedeebdd cahsifoliayides blackowak phaiaid mosemvdcasrs fioansf or m

to residual 0. data. The residual data may .correspond i xel
di fferenceéWBég icpl f??%‘P%e FtUFs Stﬁné‘ﬂ‘é‘otéf’é?deP% yPeo rf?}%ﬁjé(f? it S48 ues

of a PU of &rfddce McHRO ol &ibSRRGARS sidflar@Yer&REMi@MRs Or nmore TUs including the
residual data for the CU Video encoder 20 may then transformthe TUs.

[ 0042] Fol I[8431hdn dreyexamatesdidrifis llqmnpnmdcamntqhammﬂ o6 mayowhiprise emy wireless
guanti zati on af transfor%r)p coefélm en é?é) II;})3erfo T?ﬁ% ntization

general |y PEAEFE CSMBUHF GRS T H Y ast? ¢ SEArese R SEFUMLPROYGSht i zed
t o possi bl yndre s sichiN@ariRsstn Ahesd @l ainyS@BiRatioBPsEaaRless ARd AR hielRnt s.
The quanti zation process may reduce the bit depth associated with sone or

al | of the (pounpiieationt chanidrl beRayrivrer parh oh 2 tilagkadases mﬁwom spdurdedocdbwn t o
an mbit V%{re%e ngt rﬁ' 9 YAt ln%g‘t ﬁe?wbrkmc?rr ] Elo‘bgl HeRAR" s&clﬂ s The Internet.

Communication channel 16 generally represents any suitable communication medium,

or collection of different communication media, for transmitting video data from source
device 12 to destination device 14, including any suitable combination of wired or

wireless media. Communication channel 16 may include routers, switches, base



[0043] In sone exanples, video encoder 20 may utilize a predefined scan
order to scan the quantized transformcoefficients to produce a serialized
vect or thap 20mmib&oent ropy encoded. I n ot her exanpl es, ecdas2@noedsz 20 nmay
perform an adaptive scan. After scanning the quantized transform
coefficients to forma one-di nensional wector, video encoder 20 may entropy
encode t he one-di nensi onal vector, e.g., according to context adaptive

vari abl e I ength coding (CAVLC), context adaptive binary arithnetic coding
(CABAC), synkidXs, Qﬁsa%g_cﬁﬁ’é}te%;ﬁhm?éﬁ@%dt ‘fﬁa;bbé‘ﬁfe)fulafo' faBiTRlt ComRAnRGEmROM »  OF
anot her entropy encodi ng net hodol ogy. [0044] To perform CABAC, video
encoder 20 somye detiect? o domanwn devdell4t o apply to a certain context to

encode sy be transmitted.. The conte may relate tag, for ex | e,
whet her - nenSHRenHE shirer oLkl vighe STt ot ofsied Srting B0 VPt hen
assign a vabh@rdsSioh 8RMESANEudthEs SenhRéSindYHIA Bfficidhgy tvides ekabigl (HEeS)
assigned to the synbols based on the context. In sone cases, a value may be

a fracti onatangard orjthe ITUFBdE26hatandard, dliamativglypesi¢rordmioGeVMEEGH# dBart dcoder
20 may sel ect a vayiable |en ode for a s |. t.,0 be transmtted.
Codewsr ds. PRl ol c odBe (R Bisy S B pRoBFy L RER 8 a0

cor r espond lingitedab @np hakizblae c6dinP elafdardhiOteer] xB@PIcs Gdiede NIPERS pANUTUI | ess
probabl e synbols. In this way, the use of VLC na¥ achieve a bit savings
o

over, for &kawpl &lthgaghpotedeam. et H . dbaene rarecksp videg crcadaiizgl andovigeo

t itt T, L i ): i . f
the synbot CrbE AT RGP AL b huhed Fitl ! AldRYoRE RBEHAE ITMEARUER, O o
for noti on appegiieti MU XdDEMUKonstsaodotitet hadweecdndr soiftifaes, athiodic pnowtiite d

when encodi?a?vide . bl ocks, In accordance with the techni gues of thi%
di scl osur e XU GUEIRCBRE VI Hay TUBTER Rt SHEABOTC HRRKE giﬁ@d?t&%n £
'nfOF”BF'OQpﬂﬂkb%LﬂﬁgxngﬁﬁﬁKuﬁR§n%&%%ﬁhﬁmwbﬂhéT?UQ¥§§39&ﬂ@%Hﬂ#Qk6ﬁ&M!Ona
predi cti on node, video encoder 20 may encode one or nore 13 syntax

el enent s i mdothat pragpdohsatuch hetheiudealabigoak pragoah C0D€Y usi ng one of the
unidirecti edi.ction de. with respect.to a referenc icture j.n a
ot er ence JPERUREE MEVCRATRan PERH iabhBHau bu PO s Nt B o
than two bidegice TdTerréElotls SRCEENCC T R1ddeBHMRYTREHM pregifés Rder@ngidaionano
different reference picture lists or, when a GPB frame is enabl ed, either
of two i desepabalitioseff eideacedipigaleices ralafive to Axisting dendecseaceerding, 0i qigs hEUcase
of a bidir i rediction, mod Vi encoder .20 . encode one,.or nore
Vi deo bl ocke g 6Be FPark TR Rt R TS AR ER BN RGP Rty
reference phddeblrtbe HVG pfovideeds jmahphl thignaaeeintigrédetisidncodiny @aides.s for each
of the video bl ocks. The notion vectors may be fromthe sane reference

t
pi cture or [4Q3K (ThsthM re;fe@n%ai block of sidepcdthpe pusoding Pobs6Y) visgesxgtdépder
Bo rat . it _ . g
20, "For o artif b 81 TANREL JSRRATKH A RN (XD, whitntil8 lonller ifPuRRCOCST

r epr esent atin wernof ofinhemaoted o€lpixdlncl ndpergraneaodeld hidJaasiohildt) pdgioae tdhd s
recei ved data inclu nt a | enents for tion prediction. directions
and ot | on WEEIECK §f @Pﬂi@%ﬁwﬁﬁ%&@@mﬁé aé}@o&eiﬂ%@%%eﬁ %aéepgﬁ%%wg;

Vi deo decodgys 30CMaay@hS it &Y 8- 10N gBherSIORifAGnRE e HEL RN LRE @5 ety on

for video blocks. For exanple, in the case of a unidirectional prediction
mode, vi demajectuér a Bogevhyodieg odie obmpicture opa suls (it afkanel €he dinsLC Hdhayabé ng

that the video plo i.Ss encoded i-n ne. of the unidi.r iQnal prediction
ode wi th FRCHBG PSS A ar e G e g’ B iR SECE Sape RS o
the bi di r egtyigiédm Ria§dicEihé @ haXRAEM hahibar beSHied AANCUWRaPDE $lit, R ricaft@RENCe
picture list may be a preferred one of two different reference picture

lists or, WHédenpthGheedrdinghy,  Siterrabl may alsp dpfere psmaligst ¢adan: yrak(S erence
picture |i LNt f i di rect|
predictionﬁg%%%?égﬁgg%ngé@%ﬁggagghﬁggyFgﬁ%(ﬁégégggﬁ%g%%%%§%%#§%6&§'tg}s for
each of ongemdralyamre) wpasentdhboka pottich B toraePonding CIE aad énchalkeb dafa fohe
video blocks with the two notion vectors calculated fromtwo identical

ref erence pFEEVIRE 4 rederencerTaploubondici g Viiut Sraniayvise g FY s id@-Medin t he
sane refer i Sl r | LGt | encoder
20 and vi den ReBogEEpR AT Bl GELERANCE PhiiHERSicd P4 I thoBR, o

sui t abl e enoottier exampdke sdde thePU cuintarymodesenapqd, delitlé mag wodiudesdatnédeforingror e
m croprocessors, digital signal processors (DSPs), application specific
integrated circuits (ASICs), field programmable gate arrays (FPGAs),
discrete logic circuitry, software, hardware, firmnvare or any conbi nations
t hereof Each of video encoder 20 14




and vi deo decoder 30 may be included in one or nore encoders or decoders,
either of which nay be integrated as part of a conbi ned video

encoder / deo@der01§630DEC) . An appar at us i ncl udi ng vi deo emrcodsr012@4482/ or

vi deo decoder 30 nmay conprise an integrated circuit, a m croprocessor,
and/or a wirel ess comuni cation device, l?uch as a cellular tel ephone.

[0048] FIG 2 is a conceptual diagramillustrating an exanpl e video
sequence 33 that includes generalized P/IB (GPB) frames 36A-36B and 38A- 38B.
In some casesoridi $6QosS RFURLGR). B%hgvéatéoaeﬁlﬁﬁgrtﬁeeﬂmhen%c@rgﬁ Besgfindigf ur es
(GOP). Video sequence 33, as Illustrated cl udes franes A, 36A, 38A,
35B, 36B, ESBnpland lBE@pntahdorhpolwnt fof dhe nﬁﬁlonnvedtos,pa a/yrtmaﬂeompcﬁtwtmf e is a
final frame in display order for uence occurring before sequence 33.

F G 2 gandrairy el dsShfiion, 86 48 BRE VEfeSee! Bh Sl Pinch PROIG BF oo
sequence anpgelefihtppRdgHcQ0bY), taOrdféIJeﬁ&t pRhfe theawhitRRe MEftReNERS psiad, f or
encodi ng different inter-node franme types. An actual video sequence nay
cont ai n noraedier afrefgeancy pudwe flishires, bt 0derf fissrle der ﬂlpamtmy\g@é@ramta forghe

di fferent orde 0049 ock- base ch of the
i deo 11 amed BN nEUE v 2 et M T SRR FetERafit e GRS Biocks
or codi ng Wwhinidic (P@lsJS)Panﬁa;ﬁllinngioaés @ay doee beivasdl wityhdr nied GURIsGRB @ difdet €
predi ction units (PUs). Video blocks or PUs in an intra-coded ? frame are
encoded usimRficspaeded) infraurdietionimods wcpé%dpe&tntétrd)r%va%@jws ks in the
sanme frane. 0 %} may
use spati al[ Mﬂ? cti g%}%\?\% '(taﬁ rggbdégt@oﬂl%?fﬁﬂgg‘gﬁ%ggﬁ oc sréﬁ?\raﬁ@%g@?ram
or tenpor aI(TUs)echﬂtommg pictifctive sipiagta R, otilder cicetiermag ealpmlatteuez&@al VOIRBO]

\/deoblocsmanr y be encoded using bidir, ctlo rediction to
cal cul ate t R YE0E 6113 CPREWPDYIBE & fccrdnt hedpaiucal “ﬁ?& HEopd & s,
traditionalpiy ‘aﬂ?er&ﬁ%tvaﬁde@rfﬁatarﬁ% BQ%aﬁé{BHﬁé‘d {3 FBnsfbith SOMBCLARGRani}HE0
bl ocks in a B frame may be enco using unidirectional prediction from one
of the two addfstamedito pejdacen@mllpﬁtttmnﬁoﬂm sodlicivhiddor bhogiyscadmga R TWasne may

be encoded u |n uni di.r ec aI. redi ¢fion.to | culate a sin ion
vector froRPanEriy HBFER ehds pPt Bhed- dnus Tyl Bdes” o Sl Fbite. 1
accor dance crbdpohllige B firnBe EIRYCCH . andasde cXadlpes,the Gk ithimasisF 6 & mae may
be encoded usi ng elther uni directional prediction to calculate a single
noti on vectddy §a bmseeofdhe @WSp@Iéhltlg €41 Flap diselosercpiset thedenm syidegplock”
bldlrectlonahﬁgQS%hc% Oﬁlf%tf ?ﬁlate two notion vectors fromthe two
identical re erenceyplcture S. The two identical reference picture
lists may qOB7RIVidgRasicodef 20 end eided ebtddes 30 cdéh [A9DE]inmplensan® Sag8sef ahen a
GPB frane is fuIIy enabl ed for a given video slice, video frame, or video
sequence, (VETIBPT PRikIbY NCORR GICHITAPEFhPSTaNg 96 MO MiGiPRIosessers, dipitalsigabar d P

frames may rm ne
to encode |p2(§\cee%5f0% f?%&ggaééh%@égﬁeﬂgg%gﬁggﬂﬂ %@C@P?‘%E@é{ogﬁ cgg%gee when
a GPB fr amgaicsarpgs (F%Ay) disatetebgicabbftwieckardwber fipnedicairiang condbémtiony be
used. Inthis c a video enco Y. et rmnetoe e i.nfer-node
frames as H9rolrosich P)leg?ﬁeﬁn‘i?rde aﬁ?%@@ ToeE230 Myt em%l%g?ﬁtrlbom °F| G
2, final fraie A%dess Qﬁaé&aatseatﬁe?rof'vvﬁlem{w% 50184 8§ paf Jf o EGHBined N
other exanples, final frame 39 nay be coded w th |nter-rmde coding, e.g.,
as a P frawecatict/HeqodtetGORECH ¢ 04 msa¢ct1fvna:me®40@hpmthle nmbele @dldiing wbspdnce.

Vi deo fra 35A- 35(@ i(tcol J ect vel.y "vi deo fF [TFS 35") are designated for
codi ng as eerc%frFE%a & rﬁiﬁwﬁ?cfe 0P OE NS Pr ¥dP et Fon vvlth reference to a past
frame and 30638 W &idcbasRuedR tyPRally likghdat £degxaoPheicof framiBs. 324 g éﬁBﬁOdEd
as a Bfrane with reference to final frame 34 and frane 36A, as i ndicated
by the arr oWEUrs (AOP) generaly eameprisesmscriBAitone oF dwse idgadraBBA, AFEQRe8a35R
and 35C ar lLy;.enca c |y
"video fr a?r%cgu({?éy?{ax da? % 3%%6%0;}3}2%1}9 \g 9%&5{6%18@26 %ﬁrﬁ %ﬁ%s gsn éﬁ%bp\ﬁfr anes

or GPB frameslsusherg, uhm dhsbﬁ‘@dslaomﬁhbdi)l’oé(ﬂﬂaﬁiels (i)t[bh‘sldetihn tief @OPNEach Gragncpasy
frame. In the illustrated exanple, frame 36A s encoded as a P frame or a
GPB frane Wl Bpge syblax gty th%hﬁewla%amncoa%ng AYde o theipsRasBva i\ f r om

frame 34 tqyid &Rofi&aﬂﬁyﬁﬁp‘lly ob&dkes RS SoBld Rhi¥ iERCREEvideo frames in

order to encode the video data. A video block may correspond to a coding unit (CU) or



[ 0054] Video franmes 38A-38B (collectively "video frames 38") may be

desi gnated for coding as GPB franes using bidirectional prediction with

r ef erencewb@otaseane past frane. | n other exanples, GPBcTnamms/oneyg2 be
encoded using bidirectional prediction with reference to substantially
simlar past frames included in the sang;reference picture list. In the
illustrated exanple, frame 38A is encoded as a GPB frane with two
references to frame 36A, as indicated by the two arrows fromfranme 36A to
video T ram Ao AP hSCEl MieAlibd HBARARE ndR4ARl diviiyint difcahi ok
diagramillustrating an exanple of video encoder 20 that may 1hpl enent

t echni ques niayr digfef iiciseatdcyordogi tega ppedict cahng stapdardt i achfvodeoy frdme héycks

of a video.frame. Video oder 2 erformintra-..and. jpter-codi ng of
Dl ooke w o ARy obBles OTRECT itk Miedhe! il & itaursh ¢l ubERa e
relies on spatdedncRiresire PN to reduce or renove spatial redundancy in

video within a given video frame. Inter-coding 16 relies on tenporal

predi cti on [N eduaecxemple iy HEMVE et Modeé tdMd ssnporfsrpredicieen ini tamions &3] acent
frames of a.vid sequence. l.ntra- [, mode). refer to an f .several
spat  al _backica s SEEER AR T o R et iy TR AR AR b S e RS

pr edi cti on s{zR offageiticuli diV 8 ANxONR kheBudb o intB pi@ti&jon i0kizeeoeINkIN6e P/ B
predicti onﬁ\gGDB node) may refer to any of several te}gﬁoral - based

conpr essi oAPH Y. infeopawijctiag 18 wymmatic Heey oR2NyiNeNENc DN, ooNxMeellies a

current vi 0 L& i ' - - - 0 : e of
FI'a 3, vi dog Drtahuths g SR abE Al ARG ] SNIBIERETRAT G1
ref erence phdnBx@Nmdmagymodtricsaphitting, bk dir¢cains fobnr@Wind hotSplit, guiairtthe atheon

unit 54, and entropy.encoding unjt 5 Prediction unit 41 includes tion
esti mat i ond&FﬁFtﬂon41§,SPHb‘cnit%25 g’cﬂﬁ’ggré/at i%?\ pation Ozfztﬁe SRACQT RSP G ) Fi2590 uni t

46. For vidpm Rl QakalcBARNSE FHEhBEWed bieR RRRIEST ofOURP SaDbRRludes: i pver se
guanti zation unit 58, inverse transformunit 60, and sumer 62. A

debl ocki ng “Right &r Thnotfors¢rampld, N2RkE” 33fersaty alNp2N& U tlot usd sdit thorizontalér

bl ock boundar,i es, .t ve. Dbl ocki S jfacts fromreconstructed video.

| f desi red,Wl{lhaeig’é(g?g?E?%mfplq@&iﬁmﬁﬁ{/ﬁﬁzﬁfﬂ filter the output of
summer 62. (64 Th tHX! HisBBskBE MNCOHIYN BY OCEHSy b LSRInRAGAHEI bRO0BREIY ES A
video franme or slice to be coded. The frane or slice may be di'vided into

mul ti pl e Ctke pelfligeeasiondeks. vidasdelogleegt (hhiRU.A0r ey ins tarms tof oigeticef anche
codi ng nodes.. intra qr..inter, for a. current videg block based (rQr
osul tsandriphB dplhibl e 2% PSR LEFReR, B ErbRRNE 1 g cpod

i nt er - codedvililhaek 1¢ pixslsimarvehiat dir@eoe(REA6) esd Oeipixchlinahotadalatigctiéh
summer 62 to reconstruct the encoded bl ock for use as a reference picture.

[0058] I nt (& “pkAdilekevane. i N plogkigsnerally day BYRigels dmp verticahgiyedyen pad M
i ntra-pred g)%{)epsgglkg Bgﬁf@ﬁﬁfdife@ﬁorﬁ YWHEON yelspfeﬁ&tpla E@Jti%'i?(t%%érgxfag%g Phe MOr €

nei ghborin S In the sane frane or ce as the curren to be
coded to ppdxidm spaickahayx bapresgidoin. roMstandncobghnsraModeovenitilock? rend nodt | on

conpensation unit 44 within prediction unit 41 performinter-predictive
codi ng of REFSRIHY BAYC (i dage BrBIORT Plenixels e%theﬁﬂoaﬁentalr difgstign g5 shherietisabl ocks

in one or MRLEIGET BHRRGRPRI Bidtkesnal LoRpPit &M BIRRA! AhcfONPE €98 hQRssafifie One
or nore reference pictures may be Selected froma first reference picture

list (listcqyala@Nand/ or a second reference picture list (list 1) 68, which
include ideptifiers for. reference pi.ctures.stored in referen i cture
romor'y 64 TDOHEGP RBIRRES T Lo GT-D e s TR L & AFIYGET B4 U Brdet Br i ne
the inter-RiRAI Glcb@i 10EBy cllcuRteVicdRall dAdT BRRIAECbAY of tioe RaRISIE LATtned
pattern for a video sequence. The o ' ' '
(TUs) for the CU. PUs of a CU may comprise pixel data in the spatial domain (also
referred to as the pixel domain), while TUs of the CU may comprise coefficients in the
transform domain, e.g., following application of a transform such as a discrete cosine
transform (DCT), an integer transform, a wavelet transform, or a conceptually similar

transform to residual video data. The residual data may correspond to pixel differences

between pixels of the unencoded picture and prediction values of a PU of a CU. Video



17 predeterm ned pattern may designate video franes in the sequence as P
frames and/or B frames. In sone cases, a GPB franme may be enabl ed such that
one or nowe 2vixdassshr ane may be designated as GPB franespcirusedthess7sases,
when a GPB frane is enabled, notion estimtion unit 42 nmay determ ne

whet her to encode originally designated|® frames as GPB frames. The latter
case may depend on whether the GPB frane is fully or partially enabl ed.

[ 0060] Mbtion estimation unit 42 and notion conpensation unit 44 may be

hi ghly 1 nt eEqEdo dl! fotinSorel drURbLANETiR RRRTAME LG0T d6QNGRIIUEL. PHERPSES.
Motion estimation, p rforrreg by notion estimation unit 42, 1s the process
of gener at iengpderof orayvkeat toansformttheiUsst i nat e noti on for video bl ocks. A

ti t f | e, i ndi cate the djspl t of a, PU. i d
Dl ock i ¢ hif042! QU Brasamr e @ drafucy drbloamy P Ty aUEER I Phi n o
reference I@ﬂaﬁ&f_@frﬁ cobFrRIRH rﬁ&jl M@Féﬂf&’ﬁ{%di SQ@anEkélfo'ﬁ geh@qtau'y $effe1%bt8dl ﬁr@cé@k ‘ﬁﬁ_e' y
mat ch the portion of the CU'including the PUto be coded in terns of pixel

di f f er ence,whigli ednsfaay deefleraenss arc meantiped senessiblatsdutaithe amiophierfalatreuscSAD) |
sum of square difference. (SSL), or other difference metrics, lLn sor
cxanpl e, JEGT LB R st uilEh oGk irS S R ST b Rsglrhs e

posi tions afith &gy @uteoffthe todfBisichtsOIFed ckdmplef £ £ B &aRicGhay & fRABY IS For
exanpl e, video encoder 20 may cal cul ate val ues of one-quarter pixel
posi ti ons, ®A_UEPigKIHC Bysig qyptEratiognyhergy ipgrater thandh.i onal pi xel positi ons

of the ref 26@%%} g#)rgl% E&ﬁngll@%&fooﬂnﬁ?d%bgﬁ% &ﬁﬁﬂe%ﬁﬁ%&’éﬁnﬁ&%&an‘l 408 G form

a notion sear ive to’the f pi X positions an ractional pi xel
posi tions amdqeastiped transfmin oscflieiehtono wrdduce naetialined| vepiox ehat pae bt hvopy
[ 0061] Mbtion eati rrat'%on unit 42 cal culdgt a noti.on vecéor. for a PH or
video bl ockneRdedn I thsr.xamelyst Yidre cBgP bﬁﬁmyn@erfq{@ BUMPYF SERS ofich

reference @bé}ﬁl‘rﬁgethb gﬁ?ﬁﬂiﬂcehqgangﬁrﬁi doRfcidntSto Rrfb: Ole-Hintthsibn88vecto? viBER ”Z |2 €,

when the inter-code rane conprises a P frane, notion estinmation unit
may use uniedeadec 2D ongl enpropgli entodenthf @ne-aliméebemab vetdr, . tdgeor@ingrtarmentnt

cal cul ate a single ion vector e one,of list .0 66 and list.1l 68
Chat | ncl udeD dererp el Beth g RiestCATLG SoRFR s draniaf Py 1S iose oo,
When the i ntaBAONehthx-BaRd CORRKI-SRPtide Bink hmb@¢ cEKATPBACH,i ¥tanBth€p and
list 1 68 will include identifiers for different reference pictures,

t radi t i onalehiyopagicogingmgteerdodony. f uture pictures. Mtion estimation unit 42
may use bi g} i ona redhgtd on, far vhdeo bl pck of .the ane,and
ARy TAPEG PRl el B RaEl s Ry nchel BRI B o

calculate t t1'on vectors from|1s n

mot i on est icoMiih WonteRt to 4dcotBysytHBIsUtdl 6 fresdnmiaod! Theadnedkt ainyfelatd kg foi deo
18 block of the B frame and cal culate a single notion vector from one of
ref erence prenRicewhetiernesghboypg symbols are non-zero or not. Video encoder 20 may then

assign a value to represent the symbols by referring to probabilities assigned to the
symbols based on the context. In some cases, a value may be a fractional bit, i.e., less
than one bit. To perform CAVLC, video encoder 20 may select a variable length code
for a symbol to be transmitted. Codewords in VLC may be constructed such that
relatively shorter codes correspond to more probable symbols, while longer codes
correspond to less probable symbols. In this way, the use of VLC may achieve a bit
savings over, for example, using equal-length codewords for each symbol to be
transmitted. The probability determination may be based on the context of the symbol.

[0045] Video encoder 20 may also entropy encode syntax elements for motion
prediction directions and motion vector information produced when encoding video
blocks. In accordance with the techniques of this disclosure, video encoder 20 may
reduce a cost of coding prediction information for video blocks. For example, in the

case of a unidirectional prediction mode, video encoder 20 may encode one or more



[0063] In accordance with the energi ng HEVC standard, when the inter-coded
frame conprises a GPB franme, list O 66 and list 1 68 includes identifiers
for identwoabiymabfanence pictures. Mre specifically, thecmusben/oef73pictures
included in each of list 0 66 and list 1 68 are identical, and a picture
indicated by each index entry in list 0;§6 is identical to the picture

i ndi cated by the sane index entry in list 1 68. The reference pictures
included in list 0 66 and list 1 68 nmay conprise past pictures. In this
case, 1D i QPn @St LIERER@NirdNlating TR SRl IBAC 1 OBRDARY GRirAhEof Gfe 3

vi deo bl ock” of the GPB tfranme and cal culate two notion vectors fromlist O
66 and | i stunidigstiondbpredivtios notgtwitinragpédt te}2 refasenad piotwis &1 andfdienecpicomnal

prediction for the video block.of the GPB fra nd .cal cul ate a si.ngle

ot 1 on vecdst i GpElEE G RECiPs Mlego AT HOMES. [HoEdrreHercOfS of

the referengemby 6¢ Upeefbirsd Snd & tRORfiEEE R RY&Ice PRRuR IR or [ WG £LOPB fRirkd Ur e

list, it may be nore efficient tq(;;l Qy default, use the preferred reference
aer

pi cture |i g% ehabledygitherr elctwooidgnti nEo picturpilistsradys beotherecxaampde, hdhe

i %)fzben%yerfo ned based on

uni di rect| %Qsael £ B%q(zg%etcitionalfp(%ﬁiigti% ];nro madeso JUARIRR encode, one Or more
one of the F&f & &nt pi SPURESTIF s "EVer VRS BtHer SRS exahpl €

uni di rect i et Hoedi 6ft & WPH Gfanit With tAGEMEEYh VyRbSakd the dendar refdrdaased on
past reference pictures fromlist 0 66, simlar to a P frane. |n that

exanpl e, nwiGtel ltmeaddeintlpeneaticr tha 4vaeyotinmn ¥ectrhdoy each qfj the videgeblpakst he
preferred ref o] i I a,.1 hat
et 0 66 ans TPafipRofbihemul 86 o8 bl rEERaLL SR B SRSOh BN el e
ei t her one rokrdncspicir& and |ist 1 68 interchangeably for unidirectional

prediction j of, sel ecting between the two identical reference picture
lists. [ooééﬁ]f%e\?lg%d@@ff Q iy WA 42 as@hl&ger@ﬁ%neglﬁsem@s@c 9 it BEct or
to entropy vaReodich@r. t FRbe 3R AN LBIRETE Al Qi Entfhpy MPEdeANata
conpensation, performed by notion conpensation unit 44, nmay’involve

f et chi ng oncrgesvetasive of ah lemcpdeddCdt incidmgmetcolded 8 anl Thedatot iThs weaved

det erni ned by noti. timation. Vid der 20 f. i dual vid
ol ock by sdir Bat PR EReiRetrees dOomeER: ol ERe EPp st Tl bedhk

bei ng codednfoHiR paduéRPHESE BiddIMEthe CNBQNBIBLKD! VEBPantent:s36 ey Ags form
this subtraction operation. [0066] Mdtion conpensation unit 44 may

cal cul at e pedur @t ¢ashof pedingrrddaniiongpfogmplipmo foravidesr blepls. Apmexammle, By t he
predictive cgsleogé( a iudfacﬂf[eictfioin%ij Pey Cttlh i o c&e' Qb tc(o){ierfﬁf tahedelgyde 169 J pneore

predi ction I'nformation nay i néillué?e, Por exanpei & T oY on pre%ltilc?i on
direction, spmthk oflctests Ofndidafing Mabi Qhe | vidéddilogk MOt énebddr adingt ohs, ofankke
reference picture list information. Mtion conpensation unit 44 may al so
gener at e syftdiseciionahpradictiga masdsdvithhrospgst 6 aaefcichec PicBue Bt # BICICAFOPIFEES on

cal cul at ed fs08, AnE H{d"ir%@tfion‘él ﬁn%gic%f?%dg ruﬁiﬁg'les AGwoiRd ﬁ'he i TRYe %il?fél% _
encode the syntax elenments it ndicating the“prediction information and signal
t he synt ax lst magbt 8 prefenedec daoodifferdnt refddfad pidture dissairdainnes GPBHranhe
techni ques .of this djsclosure, video encoder 20. may reduce a cost .of coding
predi cti on i N B 9 ﬁwowda%cag refereace Pt‘}Fur%g]éWpl A3 Sofhgrgcamilis iBNE he

uni di recti epal ophegiuftdtRRalMBLfictih 480IENGRICHRHeBY RAF FIBRIPRAl FRS €
syntax el enents indicating that the video block is coded usinhg one of the

uni di r ect i enzlonpreetirs for sachoienowrtthoncesgrchlotls o ar @PBrieamae apd deende caeh a
reference pi.cture |jst an he bidirectional prediction node.usi | ess
han two- biof 0 Viee PFisT R R TR it sy BUE Tt P RERigH ¥ren i

di fferent pefi@canR&e ThcGvH nfbtlonSiestoRy mayVbe Baldul B filhale shidic stalh&dpicRird her
of two identical reference picture lists. As another exanple, in case of

t he bi di r e®f siotilr rfesascricofesnode, vi deo encoder 20 may encode one or nore

vi deo bl oc L hams Wid b ' ctars. f. i dent
reference gﬁ%ﬁ r\éd?%lagl%cs? d andg’\%l%i\llr(lit% Weéerolr)\(%%gg e%{%e&]t%%goer%ohﬁ)?%%&@eéfc%o%é' (ffg?lr each
of the vi dearibtyostksuitallRecricatern®mt d@odstecit@iitsy, myappticitlonsucheass@teeor afogs ence
pi cture or substanti al I(){‘ sim]ar reference pictures, | ) )
microprocessors, digital signal processors (DSPs), application specific integrated
circuits (ASICs), field programmable gate arrays (FPGAs), discrete logic circuitry,

software, hardware, firmware or any combinations thereof. Each of video encoder 20



[ 0068] The techniques for reducing a cost of coding prediction information
for video blocks in the case of unidirectional prediction will be described
first. MowDani2oasg@ensati on unit 44 may generate syntax ecermspdis/ofas2 a
notion prediction direction for a current video block. A conventional
syntax element, inter_pred idc, for a nggion prediction direction of a
video block in a B frane includes a first bit to indicate whether
unidirectional prediction or bidirectional prediction is used to encode the
bl ock, and ,fig SREQNLBId J0omhN 8L GRIGINR EToR TRIE EnfidhitiCddcbles UG, bPT
unidirectional prediction. I'n the case of identical reference picture
lists, thevdedondy bitintogratddeasqartvagat mmniahectyudb(axncwldeﬂéerwdcm(ﬁ?(ﬂéE@)adlAIdant
as either of the reference picture || erchan eably for
he uni di r BRIl TpRAGRCT OB b dEGRAPT AT dFet oo HEY T SERRG b o
this discl Q&B%r@tedrﬁﬁfch@rh FTERBEALH0 BB & WAl YodRNATAti6h devitd)Shé & 4
syntax el enent for t he nmoti on prediction direction by elimnating an

i ndi cation Cglﬂulﬂm‘félepwllﬂ ence p| cture list used for the unidirectional 20
predicti On %f ?soaecncé)ed fal 9&1 }an? les?r%'[c’de%naeggms gvnﬁl > the csI J[ G DI t
synt ax for o] on prga RtoON T ecton & ong- Wi ]ﬁ PSRN Vetfbr

i nfornmati Onncflﬁx[es%%ﬁétal\iiddGWB fafmdstBs AcBbBeamt 38Ad88Bf I’Iﬂmnb @ases ddfeo
decoder 30 at the _video blaock or PU | evel. [0070] Wien the current video
frame is dEeIUsRER 33 may be wobiradytams a giouRof @HEweRfGOB) s Vifcesserraice 33685 and
list 1 68 n dant r or ed
in referenég%gﬁa%ahﬁgiuggén%%ﬂ& jdﬂﬁg% ggﬁ st (; 6?25%]%(1; Iﬁﬁac % (ggﬁ{lllrﬁal I

i dentical retdepeycedai cErumes34 ot findd fmmﬁndlapllaprmrdﬁmfbr 44eqmylc¢lsecuemmgler of

the two id ical referen icture lists interchangea for the
uni di rect i g’ﬁfﬂre ﬁwam onﬁﬁﬁegen?}iaﬁ%epéﬁ%@é‘iﬂ %W@ﬁ%bﬁ‘ég%tﬂ%s%‘%wﬁﬁrf%f %i deo
bl ocks of the,QRBdnbaikl HShir8dddEny ﬂlu@ﬁ’&t& &M&m@?&@eﬁéés%@ed@ﬁ%nw&ﬁg

respect to a reference picture in one of the reference picture |ists.
[0071] Mot |ddiﬁercmrtp6rrsmdﬁ cﬁmnwnypemﬁmgtu@eamoastequ@cn glay dontairsynoteaocr fewer

r epr esent i |ct on directi.on r video bl cks of the GPB frane
encoded usP’h 'ﬁﬁ’ép f@ffeé%qt @Hbﬁtyg?seaﬂ’ldé?ﬁg#?méjd ‘encoder 20 may al so
signal a GPgy49) 3. bidcRBat@ Mu&ﬁ&d@k@gc Q8 of3fe VRIch rﬁ‘ihfé@-‘i&lﬁd&@tm khpichty 3Nt
video franme is encoded as a GPB franme. The GPB frane flag may be used to

expl i ci t 1y mayfbsrparijiiensd 1@@0@@mblgd<smaepdmggmvéﬁcwheliﬂ0h f thiClﬂOrfr?Hne
sequence i s_enc d as  a GPB_ f t the | 9Np redl ct
directions OF lflglegw 20 %Prec{f{s&%rloen lél}llcsg )a V g{nsalkng e 4y m COdedI'he
explicit si(predohdgerByodzdaking Sph’tﬂeﬂ@rétﬁ@tﬁdﬁ%t@@esb@ctp@h&@hbdﬁﬁlgsﬂ)lﬁg{sanbhé
syntax to determne the notion prediction direction. In _sone cases, video

encoder 20 SRy g eYsiep dilqaky osiPdfsain amitesmaded dher B eigCPBUfranepnRY: juss y
si gnal thats Ridp¥&RC Jnaw&h'r%slﬁegg%(ﬁ%g ngqﬁﬁ el TR Vﬂ% .gﬁkge o?ft@fh

plcturellssael entlcal ag I's descri |nrmedetall
bel ow. [OOZ)Ze]dldtmn@mdlexparptoeotham&pfafcaq)&:tmymt ax may be def| ned for a GPB

BE? i”ﬁefjhta f) ﬁ‘fﬁﬁ r‘éﬁ %ﬁé’? %éf%‘d Y&eogrlp@%ge &' flﬁiag ’r@rCPaﬂ% I?fﬁ‘%éfﬁf b

usi ng the upjcHiafEGHd R8@In PEESS GohPRyITBIERQE réf&%n& @bﬁ?&ﬁét@ nakitRIhee Sﬁé 0“
node. Introduction of the single-bit syntax el ement na avoi d confusi on

with the coasteiimonad ogydutase Gherern,someecases, ividgo blpd@dml a8, frmas mnaybhfd
above. Motion npensat i.on .unit 44 may ener at.e t he

ol ement to PRFAIBRE TR aOT RS RTa Ry St PG BB E stk RHET deo
bl ocks of tRE CPRIbIAE:s M APOfraNe AT b @nddaea ﬁﬁ%olﬂﬁ&rédﬁﬁnaﬁ:gﬁ@dh@tl&i to

syntax el ement for one or nmore of the video blocks of the GPB frame to
i ndi cat e t [salculatrea vingleanefiasckectas fee edetlasifergnesnpclare hitetryhiionallsa pashal

prediction &?r%e I%ngccgrﬁgnc% vg’ t &gt In?e?&hg @fEe\% %Eah&aﬂd,@ggo bloEkg % 4'8PB frame

may be encoded using either unidirectional prediction to calculate a single motion
vector from one of two identical reference picture lists or bidirectional prediction to
calculate two motion vectors from the two identical reference picture lists. The two

identical reference picture lists may contain past reference pictures.



21 necessary to explicitly signal which of the reference picture lists 66,
68 is used to encode the video blocks of the GPB franme, because either of
t he i dentwoabiymfanence picture lists nmay be used for umcdiuseetioosvat

predi ction. [0073] In another exanple, a single bit node of the
conventional syntax element, i.e., intefs_pred idc, may be defined for a
GPB frane in which only the first bit of the syntax elenent is used to

i ndi cate whether the video block of the GPB frane is encoded using the

uni di recti gp@d1) B SELELARE WRIE @[’Btt{?ﬁn@ls%ﬂf%ﬁé &Efor 21§ nC\tlﬂéH"slﬁQdﬁdedVbt Ion

conpensation unit 44 may generate only the Yirst t he convent i onal
synt ax el edfeme, bovidepsapiendte, ttheamplaomtlmrs@dld@tdl Bfraghcr élmthls)casfsmll sachrdf the

vi deo bl ocks.of the B fr deo enco 20 then encodes I .th first
%0t "t e o My dere i 6B Bimf s dhadh 0 GaboBs SR 8 hibd g
frame to indisRt@tdrhddetfindd £eB BImGkod SPBNEAARI USHREr bkdiweet 4 ¢rs
prediction. Mtion conpensation unit 44 may elimnate the second bit of the
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illustrated example, frame 35A is encoded as a B frame with reference to final frame 34
and frame 36A, as indicated by the arrows from frame 34 and frame 36A to video frame
35A. Frames 35B and 35C are similarly encoded.
[0053] Video frames 36A—-36B (collectively “video frames 36”) may be designated for
coding as cither standard P frames or GPB frames using unidirectional prediction with
reference to a past frame. In the illustrated example, frame 36A is encoded as a P frame
or a GPB frame with reference to final frame 34, as indicated by the arrow from frame
34 to video frame 36A. Frame 36B is similarly encoded.
[0054] Video frames 38A—-38B (collectively “video frames 38”) may be designated for
coding as GPB frames using bidirectional prediction with reference to the same past
frame. In other examples, GPB frames may be encoded using bidirectional prediction
with reference to substantially similar past frames included in the same reference picture
list. In the illustrated example, frame 38A is encoded as a GPB frame with two
references to frame 36A, as indicated by the two arrows from frame 36A to video frame
38A. Frame 38B is similarly encoded.
[0055] FIG. 3 is a block diagram illustrating an example of video encoder 20 that may
implement techniques for efficiently coding prediction information for video blocks of a
video frame. Video encoder 20 may perform intra- and inter-coding of blocks within
video frames, including CUs, or PUs of CUs. Intra-coding relies on spatial prediction to

reduce or remove spatial redundancy in video within a given video frame. Inter-coding
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relies on temporal prediction to reduce or remove temporal redundancy in video within
adjacent frames of a video sequence. Intra-mode (I mode) may refer to any of several
spatial based compression modes. Inter-modes such as unidirectional prediction (P
mode), bidirectional prediction (B mode), or generalized P/B prediction (GPB mode)
may refer to any of several temporal-based compression modes.

[0056] As shown in FIG. 3, video encoder 20 receives a current video block within a
video frame to be encoded. In the example of FIG. 3, video encoder 20 includes mode
select unit 40, prediction unit 41, reference picture memory 64, summer 50, transform
unit 52, quantization unit 54, and entropy encoding unit 56. Prediction unit 41 includes
motion estimation unit 42, motion compensation unit 44, and intra prediction unit 46.
For video block reconstruction, video encoder 20 also includes inverse quantization unit
58, inverse transform unit 60, and summer 62. A deblocking filter (not shown in FIG.
3) may also be included to filter block boundaries to remove blockiness artifacts from
reconstructed video. If desired, the deblocking filter would typically filter the output of
summer 62.

[0057] During the encoding process, video encoder 20 receives a video frame or slice to
be coded. The frame or slice may be divided into multiple CUs or video blocks. Mode
select unit 40 may select one of the coding modes, intra or inter, for a current video
block based on error results, and prediction unit 41 may provide the resulting intra- or
inter-coded block to summer 50 to generate residual block data and to summer 62 to
reconstruct the encoded block for use as a reference picture.

[0058] Intra prediction unit 46 within prediction unit 41 may perform intra-predictive
coding of the current video block relative to one or more neighboring blocks in the same
frame or slice as the current block to be coded to provide spatial compression. Motion
estimation unit 42 and motion compensation unit 44 within prediction unit 41 perform
inter-predictive coding of the current video block relative to one or more predictive
blocks in one or more reference pictures to provide temporal compression. The one or
more reference pictures may be selected from a first reference picture list (list 0) 66
and/or a second reference picture list (list 1) 68, which include identifiers for reference
pictures stored in reference picture memory 64.

[0059] Motion estimation unit 42 may be configured to determine the inter-prediction

mode for a video frame according to a predetermined pattern for a video sequence. The
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predetermined pattern may designate video frames in the sequence as P frames and/or B
frames. In some cases, a GPB frame may be enabled such that one or more video frame
may be designated as GPB frames. In other cases, when a GPB frame is enabled,
motion estimation unit 42 may determine whether to encode originally designated P
frames as GPB frames. The latter case may depend on whether the GPB frame is fully
or partially enabled.

[0060] Motion estimation unit 42 and motion compensation unit 44 may be highly
integrated, but are illustrated separately for conceptual purposes. Motion estimation,
performed by motion estimation unit 42, is the process of generating motion vectors,
which estimate motion for video blocks. A motion vector, for example, may indicate
the displacement of a PU or video block within a current video frame relative to a
predictive block within a reference picture. A predictive block is a block that is found
to closely match the portion of the CU including the PU to be coded in terms of pixel
difference, which may be determined by sum of absolute difference (SAD), sum of
square difference (SSD), or other difference metrics. In some examples, video encoder
20 may calculate values for sub-integer pixel positions of reference pictures stored in
reference picture memory 64. For example, video encoder 20 may calculate values of
one-quarter pixel positions, one-eighth pixel positions, or other fractional pixel positions
of the reference picture. Therefore, motion estimation unit 42 may perform a motion
search relative to the full pixel positions and fractional pixel positions and output a
motion vector with fractional pixel precision.

[0061] Motion estimation unit 42 calculates a motion vector for a PU or video block of
an inter-coded frame by comparing the PU to blocks of a reference picture identified in
cither list 0 66 or list 1 68. For example, when the inter-coded frame comprises a P
frame, motion estimation unit 42 may use unidirectional prediction for a video block in
the P frame and calculate a single motion vector from the one of list 0 66 and list 1 68
that includes identifiers for past frames, traditionally list 0 66.

[0062] When the inter-coded frame comprises a B frame, for example, list 0 66 and list
1 68 will include identifiers for different reference pictures, traditionally past pictures
and future pictures. Motion estimation unit 42 may use bidirectional prediction for a
video block of the B frame and calculate two motion vectors from list 0 66 and list 1 68.

In some cases, motion estimation unit 42 may use unidirectional prediction for the video
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block of the B frame and calculate a single motion vector from one of reference picture
lists 66, 68.

[0063] In accordance with the emerging HEVC standard, when the inter-coded frame
comprises a GPB frame, list 0 66 and list 1 68 includes identifiers for identical reference
pictures. More specifically, the number of pictures included in each of list 0 66 and list
1 68 are identical, and a picture indicated by each index entry in list 0 66 is identical to
the picture indicated by the same index entry in list 1 68. The reference pictures
included in list 0 66 and list 1 68 may comprise past pictures. In this case, motion
estimation unit 42 may use bidirectional predication for a video block of the GPB frame
and calculate two motion vectors from list 0 66 and list 1 68. Motion estimation unit 42
may also use unidirectional prediction for the video block of the GPB frame and
calculate a single motion vector from one of the list 0 66 and list 1 68.

[0064] When one of the reference picture lists is preferred over the other reference
picture list, it may be more efficient to, by default, use the preferred reference picture
list for unidirectional prediction. This may be the case when unidirectional prediction
for a B frame is most often performed based on one of the reference picture lists over
the other. For example, unidirectional prediction for a B frame may typically be
performed based on past reference pictures from list 0 66, similar to a P frame. In that
example, motion compensation unit 44 may determine that list 0 66 is the preferred
reference picture list. When the GPB frame is enabled such that list 0 66 and list 1 68
are identical, motion compensation unit 44 may use either one of list 0 66 and list 1 68
interchangeably for unidirectional prediction instead of selecting between the two
identical reference picture lists.

[0065] Motion estimation unit 42 sends the calculated motion vector to entropy
encoding unit 56 and motion compensation unit 44. Motion compensation, performed
by motion compensation unit 44, may involve fetching or generating the predictive
block based on the motion vector determined by motion estimation. Video encoder 20
forms a residual video block by subtracting the predictive block from the current video
block being coded. Summer 50 represents the component or components that perform
this subtraction operation.

[0066] Motion compensation unit 44 may calculate prediction information for a PU of a

current CU by retrieving the predictive block identified by the motion vector for the PU.
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The prediction information may include, for example, a motion prediction direction,
motion vector information including motion predictors, and reference picture list
information. Motion compensation unit 44 may also generate syntax elements defined
to represent the prediction information calculated for a current video block or PU.
Video encoder 20 may then encode the syntax eclements indicating the prediction
information and signal the syntax elements to video decoder 30.

[0067] In accordance with the techniques of this disclosure, video encoder 20 may
reduce a cost of coding prediction information for video blocks. For example, in the
case of the unidirectional prediction mode, video encoder 20 may encode one or more
syntax elements indicating that the video block is coded using one of the unidirectional
prediction mode with respect to a reference picture in a reference picture list and the
bidirectional prediction mode using less than two bits. The reference picture list may be
a preferred one of two different reference picture lists or, when a GPB frame is enabled,
cither of two identical reference picture lists. As another example, in case of the
bidirectional prediction mode, video encoder 20 may encode one or more video blocks
of a GPB frame with two motion vectors from two identical reference picture lists, and
jointly encode the two motion vectors for each of the video blocks. The two motion
vectors may be from the same reference picture or substantially similar reference
pictures.

[0068] The techniques for reducing a cost of coding prediction information for video
blocks in the case of unidirectional prediction will be described first. Motion
compensation unit 44 may generate syntax elements for a motion prediction direction
for a current video block. A conventional syntax element, inter pred idc, for a motion
prediction direction of a video block in a B frame includes a first bit to indicate whether
unidirectional prediction or bidirectional prediction is used to encode the block, and a
second bit to indicate the reference picture list used for unidirectional prediction. In the
case of identical reference picture lists, the second bit of the conventional syntax
clement may be redundant as ecither of the reference picture lists may be used
interchangeably for the unidirectional prediction mode.

[0069] According to the techniques of this disclosure, motion compensation unit 44
may generate a single bit syntax element for the motion prediction direction by

eliminating an indication of the reference picture list used for the unidirectional
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prediction mode. Video encoder 20 then encodes and signals the single bit syntax for
the motion prediction direction along with the motion vector information for each video
block of the current video frame to video decoder 30 at the video block or PU level.
[0070] When the current video frame is designated as a GPB frame, video encoder 20
stores list 0 66 and list 1 68 that contain identifiers for identical reference pictures stored
in reference picture memory 64. Since list 0 66 and list 1 68 include identical reference
pictures, motion compensation unit 44 may use either of the two identical reference
picture lists interchangeably for the unidirectional prediction mode. Video encoder 20
encodes one or more video blocks of the GPB frame using the unidirectional prediction
mode with respect to a reference picture in one of the reference picture lists.

[0071] Motion compensation unit 44 may generate single bit syntax to represent the
motion prediction direction for video blocks of the GPB frame encoded using the
unidirectional prediction mode. Video encoder 20 may also signal a GPB frame flag to
video decoder 30 to indicate that the current video frame is encoded as a GPB frame.
The GPB frame flag may be used to explicitly inform video decoder 30 that a given
video frame within a sequence is encoded as a GPB frame such that the motion
prediction directions of the video blocks are encoded with a single bit syntax. The
explicit signaling may enable video decoder 30 to parse the single bit syntax to
determine the motion prediction direction. In some cases, video encoder 20 may not
explicitly signal the GPB frame flag, but implicitly signal that a given frame is encoded
as a GPB frame when the reference picture lists are identical. The GPB frame flag is
described in more detail below.

[0072] In one example, a separate syntax may be defined for a GPB frame that
comprises a single bit syntax element, ¢.g., bi pred flag, defined to indicate whether the
video block of the GPB frame is encoded using the unidirectional prediction mode or
the bidirectional prediction mode. Introduction of the single-bit syntax element may
avoid confusion with the conventional syntax eclement, i.e., inter pred idc, described
above. Motion compensation unit 44 may generate the single bit syntax element to
represent the motion prediction direction for each of the video blocks of the GPB frame.
Video encoder 20 then encodes the single bit syntax element for one or more of the
video blocks of the GPB frame to indicate that the video block is encoded using one of

the unidirectional prediction mode and the bidirectional prediction mode. It is not
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TABLE 2 44 may adapt the binarization such that the single bit binarization of 0 represents the
unidirectional prediction mode with respect to the reference picture in the preferred
reference picture list, a binarization of 10 represents the unidirectional prediction mode
with respect to a reference picture in the non-preferred reference picture list, and a
binarization of 11 represents the bidirectional prediction mode.
[0078] Motion compensation unit 44 may generate the syntax elements to represent the
motion prediction direction for each of the video blocks of the current frame. Video
encoder 20 then assigns the single bit binarization to the syntax elements for one or
more of the video blocks to indicate that the video block is encoded using the
unidirectional prediction mode with respect to the reference picture in the preferred
reference picture list. Video encoder 20 may signal the adaptive binarization of the
syntax elements indicating the motion prediction direction to video decoder 30 at one of
the video block or PU level, the CU level, the video slice level, the video frame level, or
the video sequence level. This signaling may enable video decoder 30 to similarly adapt
its binarization for the syntax elements indicating the motion prediction direction. In

some cases, video decoder 30 may adaptively binarize the syntax elements
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independently based on how often each status of the syntax elements indicating the

motion prediction directions occurs.

[0079] As another example, motion compensation unit 44 may refer to configuration

data that biases a probability that the syntax elements indicate the preferred reference

picture list to be higher than a probability that the syntax elements indicate the non-

preferred reference picture list. For example, the configuration data may bias the

probability initialization of the second bit of the conventional syntax element, i.c.,

inter_pred_idc, for the motion prediction direction toward the preferred reference

picture list. Entropy encoding unit 56 estimates the probability of each bit of a syntax

element being 1 or 0 for a current video block based context determined from the syntax

values for neighboring video blocks in the same frame. For each context, a state

machine tracks the past values and provides a current state as the best estimate of the

probability of the syntax element for the current video block. For example, if the state

values range from 0 to 128, a state value 0 could mean that the probability of the bit

being 0 is 0.9999, and the state value 128 could mean that the probability of the bit

being 0 is 0.0001. Entropy encoding unit 56 may encode syntax elements using values

assigned based on the probability determination. Higher probability results in shorter

values used to represent the syntax elements. In some cases, a value may be a fractional

bit, i.¢., less than one bit.

[0080] When one of the reference picture lists is preferred over the other reference

picture list for unidirectional prediction, configuration data may increase the probability

that the syntax elements indicate the preferred reference picture list in the case of the

unidirectional prediction mode. For example, motion compensation unit 44 may set the

state value for the second bit of the conventional syntax element to 0 based on

configuration data such that the probability of the bit being 0, i.e., indicating the

preferred reference picture list, is 0.9999.

[0081] Motion compensation unit 44 may generate the syntax elements indicating the

motion prediction direction for each of the video blocks of the current frame. Video

encoder 20 may assign a single bit value to the first bit of the syntax element for one or

more of the video blocks to indicate that the video block is encoded using the

unidirectional prediction. Video encoder 20 may then assign a fractional bit value, i.e.,

less than one bit, to the second bit of the syntax element for one or more of the video
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blocks to indicate that the preferred reference picture list is used for the unidirectional
prediction mode. The higher probability that the second bit of the syntax element
indicates the preferred reference picture list enables video encoder 20 to assign the
fractional bit value to the second bit.

[0082] In addition to the modified syntax for the motion prediction direction, described
above, the techniques of this disclosure may also include signaling flags to video
decoder 30 to explicitly indicate when GPB frames are used and/or when the reduced bit
syntax is used for the motion prediction direction. For example, if a GPB frame is
enabled or allowed for the current video frame, video encoder 20 may signal a GPB
enable flag to video decoder 30 to indicate that the GPB frame is enabled. Video
encoder 20 may signal the GPB enable flag in syntax at either the video frame level or
the video sequence level. The GPB enable flag may be defined to indicate that the GPB
frame is disabled, fully enabled, or partially enabled. When the GPB frame is disabled,
originally designated P frames are encoded as conventional P frames with one motion
vector for each PU. When the GPB frame is fully enabled, originally designated P
frames may be treated as GPB frames with one or two motion vectors for each PU.
When the GPB frame is partially enabled, the P frame, B frame, and GPB frame
concepts may be treated as distinct concepts.

[0083] Although the GPB frame is enabled, a new slice type may not be defined for the
GPB frame such that GPB frames may be encoded as B slices and/or P slices. In this
case, video encoder 20 may need to send an additional explicit or implicit indication to
video decoder 30 to differentiate between standard B and/or P frames and GPB frames.
The additional indication may also be used to notify video decoder 30 when the reduced
bit syntax is used to represent motion prediction directions.

[0084] For example, all GPB frames may be coded as B slices with either different
reference picture lists, in the case of conventional B frames, or identical reference
picture lists, in the case of GPB frames. This mode of encoding GPB frames may be
preferable when the GPB frame is fully enabled such that all inter-predictive frames
may be encoded as B slices with or without identical reference picture lists.

[0085] In some cases, video encoder 20 may explicitly signal a GPB frame flag, ¢.g.,
gpb_pred flag or slice_gpb_flag, to video decoder 30 to indicate when a video frame is

encoded as a GPB frame in order to distinguish between a conventional B frame and a
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GPB frame. Video encoder 20 may signal the GPB frame flag in the syntax at one of
the video slice level, the video frame level, or the video sequence level. In some cases,
however, video encoder 20 may not explicitly signal the GPB frame encoding. In those
cases, video encoder 20 may implicitly inform video decoder 30 that a given frame is
encoded as a GPB frame when the reference picture lists are identical.

[0086] The slice header syntax for the GPB frame coded as a B slice may define a
reduced bit syntax element for motion prediction direction. In one example, the reduced
bit syntax eclement may be a mode of the conventional syntax element for motion
prediction direction of B frames, i.c., inter pred idc, in which only the first bit of the
syntax element is used. In another example, the reduced bit syntax element may be a
newly defined single-bit syntax element, e.g., bi pred flag, described in more detail
below.

[0087] An excerpt from the syntax at the video block or PU level is presented below in
Table 2 with modifications to define one example of a reduced bit syntax element for

motion prediction direction of a GPB frame coded as a B slice.

TABLE 2
prediction_unit( x0, y0, currPredUnitSize ) { C Descripto
r
if( slice_type == B && !isGPBSliceFlag)
inter_pred _idc[1i] 2 ue(v) |
ae(v)
if( slice_type == B && i1sGPBSliceFlag)
inter_pred_idc[i] 1 u(l) |
ae(v)

The predition unit syntax is defined for a given PU located within a video frame at
originating pixel or sub-pixel coordinates (x0, y0) and having a certain size given by
currPredUnitSize. The C column in Table 2 indicates a category for ecach syntax

clement that defines in which data partition of the current video block the syntax
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[0089] The slice header syntax for the GPB frame coded as a P slice may define a
reduced bit syntax element for motion prediction direction. In one example, the reduced
bit syntax element may be a newly defined single-bit syntax element, e.g., bi pred flag.
The single-bit syntax element may be defined to indicate whether a video block is
encoded using unidirectional prediction or bidirectional prediction. The single-bit
syntax element may have a different name to avoid confusion with the conventional,

two-bit syntax element for motion prediction directions of B frames. For example, the
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single-bit syntax element may be named “bi pred flag” instead of “inter pred idc.” In
another example, the reduced bit syntax element may be a mode of the conventional
syntax eclement for motion prediction directions of B frames, i.e., inter pred idc, in
which only the first bit of the syntax element is used.

[0090] An excerpt from the syntax at the video block or PU level is presented below in
Table 3 with modifications to define one example of a reduced bit syntax element for

motion prediction direction of a GPB frame coded as a P slice.

TABLE 3
prediction_unit( x0, y0, currPredUnitSize ) { C Descripto
r
if( slice_type == B)
inter_pred _idc[1i] 2 ue(v) |
ae(v)
if( slice_type == P && slice_gpb_flag)
bi_pred_flag[i | 1 u(l) |
ae(v)

The predition unit syntax is defined for a given PU located within a video frame at
originating pixel or sub-pixel coordinates (x0, y0) and having a certain size given by
currPredUnitSize. The C column in Table 3 indicates a category for cach syntax
clement that defines in which data partition of the current video block the syntax
element is included. The Descriptor column in Table 3 indicates a type of coding used
for the syntax element to enable proper parsing of the syntax element at video decoder

3

30. For example, the descriptor “ue(v)” indicates exponential-Golomb coding. As
shown in the syntax excerpt in Table 3, if the video frame that includes the current video
block or PU is considered a B slice, then motion compensation unit 44 generates the
conventional, two-bit syntax element, inter pred idc[i], to signal the motion prediction
direction for partition i of the video block of the conventional B frame. If, however, the

video frame is considered a P slice and is a GPB frame, then motion compensation unit
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44 generates the single-bit syntax eclement, bi pred flag[i], to signal the motion
prediction direction for partition i of the video block of the GPB frame. The GPB flag,
slice_gpb_flag, used in the syntax may be determined to be true when video encoder 20
explicitly signals the GPB frame flag at a higher level to indicate that the video frame is
encoded as a GPB frame.

[0091] In some cases, when the GPB frame is enabled, a new slice type may be defined
for the GPB frames. In this case, no additional explicit or implicit signaling is
necessary to indicate that the current video frame is encoded as a GPB frame. The slice
header syntax for the GPB frame coded as a GPB slice may define a reduced bit syntax
element for motion prediction directions. In one example, the reduced bit syntax
clement may be the newly defined single-bit syntax eclement, e.g., bi pred flag,
described above. In another example, the reduced bit syntax element may be a mode of
the conventional syntax element for motion prediction directions of B frames, i.c.,
inter_pred_idc, in which only the first bit of the syntax element is used.

[0092] An excerpt from the syntax at the video block or PU level is presented in Table 4
below with modifications to define one example of a reduced bit syntax element for

motion prediction direction of a GPB frame coded as a GPB slice.

TABLE 4
prediction_unit( x0, y0, currPredUnitSize ) { C Descripto
r
if( slice_type == B)
inter_pred _idc[1i] 2 ue(v) |
ae(v)
if( slice_type == GPB)
bi_pred_flag[i | 1 u(l) |
ae(v)

The predition unit syntax is defined for a given PU located within a video frame at

originating pixel or sub-pixel coordinates (x0, y0) and having a certain size given by

]
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above, motion estimation unit 42 may use bidirectional prediction to calculate a first
motion vector from list 0 66 and a second motion vector from list 1 68 for a current
video block of a GPB frame. Motion compensation unit 44 may then generate syntax
clements defined to indicate the motion vectors for the current video block.
Conventional syntax elements for motion vectors include a first syntax element, i.c.,
mvd, defined to indicate a difference between a motion vector and a motion predictor,
and a second syntax element, i.c., ref idx, defined to indicate an index in a reference
picture list of a reference picture from which the motion predictor is generated.

[0094] When the current video frame is designated as a GPB frame, video encoder 20
stores list 0 66 and list 1 68 that contain identifiers for identical reference pictures.
Since list 0 66 and list 1 68 include identical reference pictures, motion estimation unit
42 may calculate the first and second motion vectors from either the same reference
picture or substantially similar reference pictures. The first and second motion vectors
for a video block of the GPB frame are, therefore, highly correlated. Generating syntax
clements independently for ecach of the highly correlated motion vectors may be
redundant and it may be more efficient to jointly encode the two motion vectors.

[0095] According to the techniques of this disclosure, motion compensation unit 44

may reduce bits used to signal the motion vectors by reducing or eliminating the syntax
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elements conventionally used to represent the second motion vector. Video encoder 20
then jointly encodes the first and second motion vectors. For example, video encoder
20 may conventionally encode the first motion vector relative to a motion predictor, and
then encode the second motion vector relative to the first motion vector. Video encoder
20 signals the jointly encoded motion vectors along with other prediction syntax for
cach video block of the GPB frame to video decoder 30 at the video block or PU level.
[0096] Motion compensation unit 44 receives the first and second motion vectors for a
current video block of a GPB frame from motion estimation unit 42. Motion
compensation unit 44 then generates a first motion predictor for the first motion vector
from a motion vector of a neighboring video block. For example, the first motion
vector for the current video block may point to a predictive block in a reference picture
from list 0 66. The first motion predictor may, therefore, be generated from a motion
vector of a neighboring video block in the GPB frame that points to another block in the
same reference picture from list 0 66.

[0097] Motion compensation unit 44 may not generate a second motion predictor for
the second motion vector from a neighboring video block, but instead uses the first
motion vector as the second motion predictor. Video encoder 20 then encodes the
second motion vector for the video block relative to the first motion vector. In this way,
the second motion vector may be encoded as the difference between the first motion
vector and the second motion vector. In some examples, motion compensation unit 44
may not generate any syntax elements for the second motion vector. In other examples,
motion compensation unit 44 may generate only the first syntax element defined to
indicate a difference between the second motion vector and the first motion vector.
[0098] In some cases, video encoder 20 may only jointly encode the first and second
motion vectors when the motion vectors point to the same reference picture or
substantially similar reference pictures. When the first and second motion vectors do
not point to the same reference picture, the first motion vector may be scaled according
to a temporal distance between the first motion vector and the second motion vector
before using the first motion vector as the second motion predictor.

[0099] In some examples, motion predictors for motion vectors of a current block may
be generated from multiple motion vectors of neighboring blocks. In this case, motion

compensation unit 44 may generate the first motion predictor for the first motion vector
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of the current video block from a plurality of candidate motion vectors of neighboring
video blocks. Motion compensation unit 44 may also generate a second motion
predictor for the second motion vector of the current video block from a plurality of
candidate motion vectors that includes the first motion vector. In this case, the second
motion vector may still be encoded relative to the first motion vector, but not
exclusively based on the first motion vector.

[0100] A motion predictor for a motion vector from a given reference picture list is
typically generated from a motion vector of a neighboring video block that is calculated
from the same frame in the same reference picture list. When the current frame is a
GPB frame, however, such that the first and second reference picture lists contain
identifiers for identical reference pictures, the motion predictor may be generated from a
different list than the motion vector of the neighboring video block. For example, if the
motion vector of the neighboring video block points to a reference picture in list 0 66,
motion compensation unit 44 may generate a first motion predictor for a motion vector
of the current video block from the reference picture in either list 0 66 or list 1 68.
[0101] In some cases, a motion vector of a neighboring video block used to generate a
first motion predictor may not be available in the same reference picture list, ¢.g., list 0
66, as the first motion vector of the current video block. According to the techniques of
this disclosure, motion compensation unit 44 may calculate the first motion predictor
from list 1 68 when the motion vector of the neighboring video block is not available in
list 0 66. This may occur if the motion vector of the neighboring video block was
originally calculated from list 1 68 and then not stored in list 0 66. As an additional
solution, motion estimation unit 42 may store motion vectors calculated from each
reference picture list in both reference picture list. For example, when motion
estimation unit 42 calculates a motion vector from list 0 66 for a neighboring video
block in a GPB frame, motion estimation unit 42 may store the motion vector in both
list 0 66 and list 1 68. In this way, motion compensation unit 44 may always generate a
motion predictor from the motion vector of the neighboring video block from either
reference picture list 66, 68.

[0102] After motion compensation unit 44 generates the predictive block for the current
video block based on the motion vectors and generates the syntax elements to represent

prediction information for the current video block, video encoder 20 forms a residual
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video block by subtracting the predictive block from the current video block.
Transform unit 52 may form one or more transform units (TUs) from the residual block.
Transform unit 52 applies a transform, such as a discrete cosine transform (DCT) or a
conceptually similar transform, to the TU, producing a video block comprising residual
transform coefficients. The transform may convert the residual block from a pixel
domain to a transform domain, such as a frequency domain.

[0103] Transform unit 52 may send the resulting transform coefficients to quantization
unit 54. Quantization unit 54 quantizes the transform coefficients to further reduce bit
rate. The quantization process may reduce the bit depth associated with some or all of
the coefficients. The degree of quantization may be modified by adjusting a
quantization parameter. In some examples, quantization unit 54 may then perform a
scan of the matrix including the quantized transform coefficients. Alternatively, entropy
encoding unit 56 may perform the scan.

[0104] Following quantization, entropy encoding unit 56 entropy codes the quantized
transform coefficients. For example, entropy encoding unit 56 may perform context
adaptive variable length coding (CAVLC), context adaptive binary arithmetic coding
(CABAC), or another entropy encoding technique. Following the entropy encoding by
entropy encoding unit 56, the encoded bitstream may be transmitted to a video decoder,
such as video decoder 30, or archived for later transmission or retrieval.

[0105] Entropy encoding unit 56 may also entropy encode the motion vectors and the
other prediction syntax elements for the current video block being coded. For example,
entropy encoding unit 56 may construct header information that includes appropriate
syntax elements generated by motion compensation unit 44 for transmission in the
encoded bitstream. At the PU or video block level, the syntax elements may include
motion vectors and motion prediction direction. At higher levels, the syntax elements
may include a GPB enabled flag that indicates whether a GPB frame is enabled for a
given video frame, and a GPB encoded flag that indicates whether a given video frame
is encoded as a GPB frame. A video decoder may use these syntax elements to retrieve
the predictive blocks and reconstruct the original video blocks encoded by video
encoder 20.

[0106] To entropy encode the syntax elements, entropy encoding unit 56 may binarize

the syntax eclements into one or more binary bits based on a context model. In this
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PU i s consi i : : i satl i g : t he
conventionggéhﬁgb%gi?ﬁ%§%§%¥£ ﬁ£ﬁ£§§39?%%@?§§9e§&?§%ﬁ#? %géﬁ?gﬁgﬁ&?%§§

nmot i on pr edbuipeosation neit Yoo lihbra gpagle bititomrizatdén tohéae \siyotes chinmrks inflicatueg

conventional B frame. ]f, however, the video fra i s considered GP

ol oo 1 homSRKEREEBHp BIEPB e 14 B bih dETSHEe Shgeot PrSphtcx

el enent, b!re@fe%@e_fﬂcﬁﬁ{a.UMér@ov%r,gé?ﬁﬂopg Qﬁcdmﬁ% ORit Bb Qﬁugcéﬂcgﬂle dlibitesttth® Byt
partition i of the video bl ock of e GPB trane. [0093] The techniques for
reduci ng a ckwwmtsods & ddttipapbédiabicitascd o emiehabdiy fiwtialdaden obitheckis biased he
case of bigérq%%jgggh,gr eggééﬁgg\m |1 now be described. As described above,
motion estiMatrom unt ﬁay use bidirectional prediction to calculate a
first noti qon0gdhwisd lqintlzasén Qndd 58Nghda iH&ERN dandPbin® Nunvte 60 Oiply aRvdrkst 1
68 for a current video block of a GPB franme., Mdtion conpensation unit 44
may then gduaitipEoRond Hcricdrpmsiosmaan. e chhdp deroastiusd thiptcsighahdeslor s
for the cur VAl t] Vi tN Q3
vectors 1 nat epier Bitndh 36 AR d RABNEHIbEL o SRS T iBlen,
di f f er ence cbeipeesation unid il amyveddudate ancfeseno®biook bpraddingttivs resaindl EHodewond
syntax elenment,.i.e., ref idx, defined to indicat n_index in_a reference
pi cture | Sy bﬁ%ﬂﬂ%?ﬁ%%t)%@&f@fﬂé@ﬂf? SRR c‘fﬁt%_% Stﬁ%éﬁ 6h Tt bt dption
gener at ed. LABRKL et P GHNr 8RR X%ﬂ%oo&JQEﬁnb§34ﬁé RaoRd fifsrs Atk
frame, video encoder 20 store$ |ist 6 and list 1 68 that contain

i denti fi er sedonstriatiahtrdschikl bifckrtencécybite tsub-estegSi mige Vilsts raGeandmbiizt 1 68
include identical reference pictures, notion estimation uni may. .

cal cul at o RIS SHETBECERG Bt Fon VRR IS el Hork e tEggbtion
reference Rpbal Hﬁs@te@rpré&i&%rﬁﬂkb@bkdﬁ@éd’%* aotloff RIRRESIBh Glnkr £Sto pri8ude 4 St
and second notion vectors for a video bl ock of the GPB franme are,

t her ef or e, réfeeghry blosk der sowge iGaieicaed pigtusy peamene béndiegcienenep dlatérmay f or
each of the hi correl ated nmoti vaectars nay. be redundant and. it pay be
more of 1 crgted 87 ERir R TnRta i 2 AT S SR B0 Melsbe g

to the techidtuesntofpribicsa biosk IS sib8equent video fampensati on unit 44 may
reduce bits used to signal the notjon vectors by reducing or elimnating

the synt ax [8108}|FGqemisa Slaslichagryndllnyratisg gn eyapplsod sideo doseds SO5hd H®t i on
vector. Vi : t Qi : SN ' : ion
Voot or s.  ForSEAEEhnighky Bk} Ly RERARTh Mokl BPOIUEERIE, BPL Py
not i on vectvideorfednad. i netht exampio toif &G p4,eddat dacodarid inbladessacadept hlecskepnd

notion vector relative to.the first notion vecgghe Videosgncoder 20§§ignals
9| Y 2

the joint | Y00 BEdIHBR V81 & e BYVESS A4FEIF3UN tHT O BHRCTBHOB VAL AR f or
each vi deo sphatk f ahllGcfdRBict [AfEr! MeMoff92depRARYIR A 81 Beci¥ddenoRbpCck or
PU |l evel . [0096] Mbdtion compensation unit 44 receives the first and second
nmot i on vectcompersetiom uolir2eamtd uitdeprethicoak uoft &4. GPBlebrdogeddrr Bhmapt inospme
estimtion unit, 42, ti on compensation.unit. 44 th ener at es firs

ot | on pr edF LB TISFOTR e SRE R B PUE T B PR BhiP A r g Bt P o

nei ghbor i ngyii @dgcPlodtleo dRbd&@?dNPIE,3)t he first notion vector for the
current video block may point to a predictive block in a reference picture
fromlist (0HY] Duimef thesdecagingopropesedivisicor dagager 3hapesivsean [gacegedevideed
froma noti V. [, - nej or.iyn i b (o t B..f t

boi nt o to MSroaF Bl R B ShOR e PR Y S sty vief FFeihe

[ 0097] Mot icoding Gnfpenstedn BHem unvitlecddncrayr, Aath genidioadneoder 2O¢ Aidrofp tdecitling
predi ctor for the second notion vector fraom a nei ghboring video bl ock, but
i nst ead us@9ite ¥ ofj video deqdsh Peertenpyadecores disc SHHTGHRY o rRepsali gvantizedsi deo
encod_er 20 cB%@ie C ﬁ)nt\t%%to?g%ﬁdotﬁat %@H'cﬁgﬁss\gﬁta;(.orﬂ{t%? Vd6&in !Lfﬁ‘f‘tKSO
relative to the fitst motion vVector. In this y, the s dond motion vect or
may be encdoedirdsstheheottinf fetenaed bétonpesdittha fyintaxt tonptdictionv et 81. avided he
second notion vector. In sone exanples, notion conpensation unit 44 may not
generate any syntax el enents for the second notion vector. |In other
exanpl es, notion conpensation unit 44 may generate only the first syntax
el enent defined to indicate a difference between the second notion vector
and the first notion vector. [0098] In sone cases, video encoder 20 may
only jointly encode the first and second notion vectors when the notion

e b o o Y .=



be generated fromnultiple notion vectors of neighboring blocks. In this
case, notion conpensation unit 44 may generate the first notion predictor
for the fwogbizmséson vector 32 of the current video bl oektfuseemasgbural ity
of candi date notion vectors of neighboring video bl ocks. Mtion
conpensation unit 44 may al so generate gssecond notion predictor for the
second notion vector of the current video block froma plurality of

candi date notion vectors that includes the first notion vector. In this
case, the SEGARASTRRAORMSCUR! SR Abinbhe Beugnae _gloEE'o?tPU’I%V@l?tﬁehﬁd&%rSt
notion vector, but not exclusively based on the first notion vector. [0100]
A not i on prkdi levdr theondea framia lonchaadboothefviden sqgincetevebf er ence picture |i st

is typicall erated. froma potion .vector. a nei ghpori .vi deo bl ock
that . calbUaEG bigicbRand T it ding] clvathdrbruniiion 68 £Foc
When the cuid@mdlodd efMci tir@nGHBed HAMR, baRQWBY Al sigrat@hintrl Frediftonf mb&d agnd
second reference picture lists contain identifiers for identical reference

pi ctures, tdae feminsevipesédidecoded ipekpef genarwnedameonYlatiel fdrapamatian it t han
the notionegt or .of the. nei ghborin i.deo (bl,ock. Far exanple, if the

ot on vectargnes o iy R GHRREy Ml Ron RS se T 3p oF& PRI E skion’ BRLy i e
inlist O ?&diéﬂlﬁﬂ Hftag aoREnsifromentdpy dd<bdivay ugieBer athe prediétivet bloEksi iy

predi ctor for a notion vector of the current video block fromthe reference
pi cture i n bgiproficed frem gnegy mere|of atfirgt rgfprence peefyre ligt dish®) Uhauskior aserprg on
vect or of I i VA : I t LIS tJ .

o edi ctor 1aehd PRLIEHSONE o) REItn SRGC RARIEC BE Sofbrebbe FlonfR S iny
list 0O 66, rafsrenbepicturstnemoiy ® vect or of the current video bl ock. According
to the techpj of this disclosure, notion co nsation unit 44 m

cal cul ate Ak ﬁﬁ%ttowwrim&rl@ag Bibr8% B 13l ﬂf?fggn_w}%ﬁ“p?%eo Raseh Yect or
of the nei ghboolM8n LR MLAGK chipaRhtiGVaiil 8PhRy!Re ﬁﬂt?%gf%ti@@ﬁlt@ﬁ!a%,u@@d’

occur if the notion vector of the neighboring video b was originally
cal cul at ed biyrvadnol dnsodet 208luaing chémtingof ths tvalcedlodk thicglculdtGidterpdatad values

addi tional solutign, motion estimation unjt 42 nmay store notio ctors

cal cul at ed 197 SR (RGP cica ftatasrblocks Ml pomBrsp i e ¥ 0pd i st
For exanpl geteyifiR tABihtSHoRSibh TRickOised Nyt viddo eaAddelet 2D Sfond tHBcL &Ry S@Eitdr from
list O 66 for a neighboring video block in a GPB frame, notion estinmation

unit 42 maylomatseandhse thstingrpolaondiltantoqseduceipsedigivgdlegks. |ist 1 68. In
this way, i conpensati on._uni.t nay. al ways..generate. a ion
oredi e o ATHATMERIDERIRRLARp oML feEMlnf WRR IS T RS GEMTRmrst i « ner

reference piddowlieckl bysparéifg tHeGnotidhh2{orPdddefrediotidrosyneypRN SRS it prodictiont 4
generates the predictive block for the current video bl ock based on the

mot i on vectBPEMaRR (gavietuse die pRdicymblagksefos tenqusronb videp plosk beingdeardedi on
I nformati oRydifdn Ldhipdnitlontinit 85 GRs oot th HERRAGIRRL Rndn® BPaderhfifd dual

sizes of CUs used to encode the current frame, split information that describes how each

CU of the frame is split, modes indicating how each split is encoded (e.g., intra- or
inter-prediction), an inter-prediction slice type (e.g., B slice, P slice, or GPB slice), one
or more reference picture lists for the frame, motion vectors for each inter-encoded PU
or CU of the frame, motion prediction direction for each inter-encoded PU or CU of the
frame, and other information to decode the current video frame.

[0113] Motion compensation unit 82 may parse the syntax at the video frame level or
the video sequence level to determine whether a GPB frame is enabled or allowed for
the current video frame. For example, motion compensation unit 82 may determine that
a GPB frame is enabled based on a GPB enable flag received in the syntax at either the
video frame level or the video sequence level. The GPB enable flag, described in more

detail with respect to FIG. 3, may be defined to indicate that the GPB frame is disabled,



33 video block by subtracting the predictive block fromthe current video

bl ock. Transformunit 52 nmay formone or nore transformunits (TUs) from

t he resi dwel2ofdasdso Transformunit 52 applies a transforor/seehoass3a

di screte cosine transform (DCT) or a conceptually simlar transform to the
TU, producing a video bl ock conprising Egsidual transform coefficients. The
transform may convert the residual block froma pixel donmain to a transform
domai n, such as a frequency domain. [0103] Transformunit 52 may send the
resulting t ot 0 I QR unj t- . i i uni t
54 quant | zen T Ra e e Par KRy SEpPIeLr A AR oL B B P B Y
quant i zat i epntpx ectbs sidrayplicekudertievided frampidyehmstptdratimdrefir¢dre porreredist al |

f th fficients, The degre izati be modified by, ..
g ueti ng. drpaARREr e R g e e D Rt RemmieeS i B div ¢ sa
may then pardeomm @nisaeafifitk Gorfeididnte ipRerddlial thdibiRe ObiaMkisgRex t paRsiRe m

coefficients. Alternatively, entropy encoding unit 56 may performthe scan.
[ 0104] Fol Icowemigvidemtameatsi 7Pk dtanspylise Ac¥tiang lishilt 9% Gortatr sleptiliadder t he

quanti zed transformcoefficients. For.ex e, entr encading .unit .56 may
or for m cof ANE RS B eF oo PRRIRARIBAS ny P Qs SRS IR B ket ve

bi nary ari tofinet 0 04 andliisg CABAGIntical, abd @ pltdire 8iiditA8Y b bEhdhikk rENiRilGUe.
Fol Il owi ng the entropy encodi ng by entropy encading unit 56, the encoded

bi t st r eam P ipedonigH dorfherpetuicgngicyted by theeBgdpdexsanén B disth Yoo decoder 30,
or archive h L SR i.geyal: . En i ng
ani ¢ 56 may? L gh BEErahl AR 8L R RIauEe oF s RIS Mg D UERRE: SORRE 07 on
synt ax el emedhics af @t dbheoding pesdictiondeforinhoek fdretide blodied. Féoexampderph ehe
entropy encoding unif 56 may construct header information that includes
appr opr i at éa%eyﬁf? 3 USRI p&‘ém)atr@aéwl t SSRILODBIE LF A O OF B4TE o
transm ssi QpnthQ [ RRNANASELEHhNLEHE S8 ekl iB@oldd Rinbitlesr Rt AfKik&YRlal the
syntax el enents nmay I nclude notion vectors and notion prediction direction.
At hi gher Ipeadedt®n mhée sythtraspeet tnemefsremey pichot ude rafe@RBe gnethiceldst fahddghd hat

i ndi cat es whet her GPB frane,is.enabled for.. iLven.video. frane, and a GPB
encoded 11 JEIRAP AEH L AeBITrebE 3 GNP ¥ S FTEIRcT Bl JRaaTa o arp
frame. A vigdpercfeg eaesr RYdidsRnt RESEn@WItEK 1RSSR WhEn h GPE G VEedaBRd,
predictive blocks and reconstruct the original video blocks encoded by

vi deo encod@eher2ef twaidgslicafgetomince pyctuiechde Yveansyiinr sxamplenintthe casatafopy
encodi ng uRit. 5 i nari ze, t he synt enents.nto e Qr .nore binary

bi t 5 baged WsieRtelhPust ARhatec Pief ¥Rty S G b Red SRR IG o BBl st se
may apply dobédeardfzaiki dinmadapgiedblyksot b GPE tapensad desdvdyrhth 44 tHeovilénk a
single bit binarization to the syntax elenents indicating the . )

uni di r ect i dfegks priddhe twomofea acdpisiralcalyrdciromdwy idetisplagicaense pictie lists: a
preferred r o)) odi [ 6 sencode
BBt of tnee ey Bagid L mdf e OH Bl PR FRRRED iR or kP
probabi | it yeferunt¢ pictizest i on of the bit biased toward a preferred reference

list. [0107]. | rse quantization unit 58 _and inverse transfaorm_unit 60
apply i nver{é]elgj]@ﬁttf?glﬂq%ﬁ fomntrdpipe iseost TRRATN RERSHon inBepation 1 yided o
reconst ructydde hedicdudle BF AflditdRibhe PledRlioflONR Bef QlschBLUSE Mtich

reference block of a reference picture. Mtion conpensation unit 44 nay
cal cul at e aomptmatoic entl88okapyparacddhagr tivec swgixdalaimehisdok a trootmnpprediceen ve

bl ock of one of the reference, pi.ctures within list 0 66 or, List 1 68

vbti on_compaian BF srrdan vieh bkt Ay Suweb Sy Qrfite it atioic
filters to fhhe Mepanstdibedediré@dhdfal viabe 6lock On Gab Fktndd Michides bTregsiE tdi xel
values for use in notion estinmation. Sumrer 62 adds the reconstructed

residual bligdigate whether thetunishircetdonsé nisdicsien praseios thedridiseasioralmredietéandmpge
motion coMENeatiy MeHlY hhe éﬁock,?.ﬁtpd Qgéf’c%%d %itrtsfiﬁ&i‘éigl% ?h?%ege%‘éné‘eo 'ct§¥e fi@95ed "
reference picture nenory s e reference bl ock may beée us y notion
esti mat i on foinididdéetianal predictioh. conghe rss@t dfddertithl refideras pactuef Bte figesdobmtk to

inter-predict a block in a subsequent video frane. )
bit of the conventional syntax clement may be redundant as either of the reference

picture lists may be used interchangeable for the unidirectional prediction mode.



[0108] FIG 4 is a block diagramillustrating an exanple of video decoder
30 that may inplenent techniques for efficiently coding prediction

i nf or mat iwo 2bwo1vésdeo bl ocks of a video frame. |In the erpampiseoafos4fF85 4,

vi deo decoder 30 includes an entropy decoding unit 80, prediction unit 81,
inverse quantization unit 86, inverse tgansformation unit 88, summer 90,
and reference picture nenory 92. Prediction unit 81 includes notion
conpensation unit 82 and intra prediction unit 84. Video decoder 30 may, in

some eX&WP'[ggIg] RRLHRAD %Cf%%rﬂgué%a%th%egﬁﬁ%k&r}é, ﬁl%ﬁ.bf?rcgﬁf%%nstaﬁoﬁ hgiegieodi ng

pass descri W th respect to video encoder 20 (FIG 3). [0109] During the

decodi ng pmoyessse aiedeceddat oatbng 80theesyriay enamteindwdea thedeatidn prsdiceam t hat
i ncl udes an.encoded, vi deg frane and synt.ax epents that represent.coding
i or mat 1 oA RO 8% 1 em bRNG nd &k, Floch Teircetibn WY ERERGPI
decodi ng upiddi@Rdnotvith i dgRORE QUBFerd e GIRPH HeERASSe thQuRI fist! M RABH ke
generate quantized coefficients, notion vectors, and other prediction

synt ax. Entcpopyt daoodi dgeumned 80b¢ ar GBBdgand esuahb thapdisy 8 Morsl hsidl 86 laee
prediction.gsyntax to prediction unito,8l. Video,35 coder . 30. ecej ve
Phe synt ax ‘Srlraneigl ERirShiGl Moy bEudert TR i T eSS R ves
the video fpicu® liseMelerohagiddablytbetheivabres@sHae padidiion @lode] 0110] Intra
prediction unit 84 of prediction unit 81 may generate prediction data for a
vi deo bl oc HOBK7] Metiqn gangensafionewitti2aney Befswding whathst Hivaquagny videafipmeds ct i on
node and d | e : faldiss Te, ion
conpensat i %hgou({r??g %?@lﬁgﬁgﬁ?{%ﬁa f‘o%ﬁa‘iilue%p '? élgilg%rnglggces %?@é?@%l é/e(rg gc S based
on t he not irespestetot KIGs 3andlopbe dboipemsatisy nhaXs2r eagirvetve tho BB tframy fldgaodi ng

unit 80. The predictive bl ocks may he prodyced from one or nore_ of first
reference ﬁite%r_ﬁ%wdfg #1199 lﬁgéi L) V_gié_o APl Sdbondor SFBIRTRIEV i abg F%Bf i st
(Fist 1) 9Gapphhgh rﬂa@%é@&d'tgeé}%liéi'ﬂ?riﬁf&ﬁrviﬁ@(f QEQIUCL 301 tRHURESuREAr Bed N
reference picture nenory 92. [0111] "Motion conpensation unit 82 nmay al so
per f or m i ntfienpob an¢osled bas & Bofrainn serhptbhtathe omwtibn IpreshaionMotectoonsed thpevided | on
unit 82 may,use interpolation filters as used by. vi deo..encoder dyring
encodi ng oPI4oKe A rEB0E Skt yhels Pl | FECrpYicth LERyER 88 Shusble Vidbo
sub-i nt egerdeiddee 39 Of correb} ParBGEe RINEK bit Mphia@ 16 ad SRtdrRitnUHet m8RorTaY
determne the interpolation filters used by video encoder 20 fromthe

recei ved sytdistion] éieatiog rgaerdlese of Hehdnnderigso ther viggo fcleace dego@ng dtpets.
predictive Jl ocks ion . conpensat{ on unit 82 determ nes.prediction
i or ot 1 o of ST he Gt Flmt HiecBg SETRIIEY By thidls PR a s BRGELRHRY ane
predi cti on aYPB &smcand cHp&s td fesdd €ifile bitapntak ferthekiofon heedpvtiod déectidns.
predictive bl ocks for the current video block being decoded. Mbdtion
conpensat i dW1AShile offer cases QiR OMPCARLPR BRIt dnag omparelig Pett and:list 4 Soer ni ne
si zes of d r i+t o i E
desori bes s SEAhERRERAIRPLaHE PGP TR wRBl It 0,1 SLATRL ) A ol

split is endatied efergnce pidtures- The twvorefercpeeictiré dings, haevien tvatl-qui e dppeht on
slice type.(e.g., B s]ice, P slice, or GPB.slige), one or nore reference

pi cture T g, o w@ef)r%‘@sie_rnééi%ﬁh%fgwglgf 8 té%é’ﬁpePn§eélP§%’?ch‘cf8’ET BY or cU
of the framgr J¥pt ifpAuRE et Cldiod i datiofudiyr d6@Rthd Ntigk- enardedfikr CU
of the franme, and other information to decode the current video %rarre.

[0113] Mot itharcioonpeas atliyoenablei ¢corB2t pansingaofs thet dvegle \onit sputaxt cletentyifdeded r ame
| evel or the vjd equence | eyel to.deterpine whether a frame .i,.s
enabl ed or SPIhal FER GHaTBEAY Sif DHTELE PF Uer SRgretikafiol PIeRERRORS0
conpensat i QRcdel BOBIINRY wlelvareitne thhahma iRReddedn® o SPBNRhethPaskdopn a
GPB enable flag received in the syntax at either the video franme |evel or

the vi deo s&PEséHrRarbeyEngle PHsymeR ferrthp metipn pepdidessliteptéansi n nore det ai |

withr eSpe(ﬂ)l 1t9? T'flle%xpﬁcit g?¥m8|?019 Eétﬁﬁ%%goﬁ 9 idﬁiil; ?r%%n% etngg&iné rilf‘?ay(%)eBnécreg‘squ I's

di sabl ed,
when the GPB frame is encoded as a B slice or a P slice. In other cases, motion

compensation unit 82 may determine that the current frame is a GPB frame based on a
new slice type defined for the GPB frame, which makes any additional explicit or

implicit notification of GPB frame encoding unnecessary.



36 fully enabled, or partially enabled. Mtion conpensation unit 82 may

al so parse the syntax at the video slice level or the video franme level to
det er m newoebheymamse picture list information for the curcents2miideasirane.
Vi deo decoder 30 then stores list 0 94 and list 1 96 that contain
identifiers for reference pictures, as ggdicated by the syntax. \Wen the
current video frane is a GPB frane, list 0 94 and list 1 96 contain
identifiers for identical reference pictures. Mire specifically, the nunber
of picturesying! i h, of.,l.i, &t 4nﬁ@d i r eph i.cal., and
a picture ﬁ?\%ﬂ%‘ﬁcé{#gﬁg&{h@gﬁﬁ ?gsgg%(&%n%}%% n i ts)% (%hg%ld iggr i dggtB??g%{et gia% he

pi ct ure i ndbmatiess ayynglhbit spmex cleoext, emt,rby pred |flagt defin®é to {ndiche] whather the

accordance with.the chnj,ques of thjsg disclosure i deo .decoder 30 y
educe s cableodiodaifECPtEs Rent bR S eF Ginay PRaBHBR G6 R reRgpaT
exanpl e, i prédi@ionadfir@ductiol dif dhd 861k BRAyn@k @inkdnt ARuyRER) confelesh daaarler 30
may decode one or nore syntax el enents indicating that the video block is
coded usi ngooyratiopalt sgntghi ¢laneat.i disal ipleedired idn dotteibed t Rbevss pedylotien a
reference picture.in a.rgference pictur i st _and,the hjdi.rectional
bredi ot on REaER PR aRiteB TR AEe TR sl bR Rudhe bl NS R sy e
a preferreduabg wfled Wockiof tiey 6RB fiaheisearied pidWntditdcibsal Predivtadn Sin&PB
frame is enabled, either of two identical reference picture lists. As

anot her exafptreol the idgnéicyasErgice Pigugi lissc ¥4, cWamap bedised @ rheaWirectioneb

i doo bl oo L ks B AT R R BN SRRSO RO sl U e

two noti on fyewntidrstiondl puédattea. f rom two i dentical reference picture |ists.
The two notjon vectors may be cal culated fr the sane reference picture or
similar refdinde aB?@%?’@é‘?Pl?‘f’@l%B%le'hﬁtemP%Hﬁ%&@@?%’ron?le%}’&&xn%er&e o5 of

codi ng pr e@;zt(é}tjp?éy i H{a%%ideﬁrll&gfor Vi ARG K SVhidh dndetHeaRe 13 of the syntax

uni directional™ prediction w e described first. tion conpensation unit

82 may par senmme isouscdte erdssant whketbirethe nidofbdockaofrtbe GHIB framdiscencodeddusiegt i on

for the current.video bl ock. .A conventional .syntax el enent, inter red
ac, Tor  a heormiirenial crORiah Ao o B it pRsTREoh mod: £ Yrler

i ncl udes a cbinpehsalbd uh® SRNHLEpIrSe WREkABK d&iBerldTodbiIfahd ARRbitRITaRd 6itdn node
or the bidirectional prediction node is used to encode the block, and a
second bi t clasndnhdiat andicaterethpetheradeoeblock i prcodpd using egidiwetionsl drgdécttononal
predi cti o (6, 688680, L ANLcalyd SFarenes RLAULE i SkRuniiS.aagpnd
bit of the conventiona syntax el eren may S Feddndant as ceithero he
reference pir&fi¢tion. | i sts may be used interchangeable for the unidirectional
predi ction npode. 37 [0116] According to the techniques of this disclosure,
noti on conp@BLAdn sAMGfiapesg Makigy GORIPSBSAAOR alifced Meytdcsedn Agediced he vk ax

el enent s i ndi; i t] {:Cld i i i: ngi: . t the
current vi gg%grge}d o@%h%ls}? gﬁgoﬁgﬁeﬁéﬁ%gﬁfﬁg% ?g(?tﬁ)nn ]i%d%pg%ldéﬂt%?%(%p\%& magtgs pect
to a refer dhmks pifahyrnegpd of mterefoded ficmepincdbdisdeuding uiniditbetionah erediotive ntitf r ane
is determned to be a GPB frane,. such . that list 0O 94W%nd %ist 1 96 are

i denti cal , "BEFION & SHSERSQINGWCUR § TESREy PIWCeditheVhst hh¥ideRo Bt i cal
reference plGbii&d st B8 Hae! flanRgSaRlY picllre G Y Bk repidrQnal of editgd i on
node. [0117] tion conpensation unit 813 may det erm ne whet her the current
vi deo franmecfcenenpotied lat escdrBodt odie fonseidirostioanl pedictiont IWhei theatideb GPB

f flag,. descrj bed with t to FI 3. ti ti it 82
oy T ecer AT ABBETHENE L SEmen BRGrCIRES DD TS TRLTY UG OURE A doo

frame | eveligen@italtrBRroficélRugedgNCce | evel . The GPB frane flag may be used to
explicitly informvideo decoder 30 that the current video frame is encoded
as a GPB f d8k8] S\ichint psamplpe mastono Aoppaspider omitdiS2estayorscht theadiped

bl ocks are b?&?%‘t?% o n%éx”&'e%e{)ﬁstma%&ﬁ@x%%T&‘Sﬁg% @%édgdttonsdi%{&%ﬁ@ Y
enabl e vi deo déecoder 0 correctly pars e single it syntax elenent to
det er m ne tshetagdiohOnidps enldocict 2N didtatdoaipehagat dh 2 iy wheRe thy adagtithe

vi deo sequence, decoding starts. Based on the GPB frane flag, video decoder

30 may al wRysriggionaracgiehe viisofhlegkeor BU devepphe (e vahdhekider sliscolepelr se a
single bit i L CLI directions. [0118] In other
cases, nDtf%%ag%ﬁ%gﬁég%?%ﬁpﬁﬁpﬁ&§§&ﬁ%§ﬁ%%§%5re list 0 94 and list 1 96, and
determne that the current frame is a GPB frame when list 0 94 and list 1
96 contain identical reference pictures. The two reference picture |ists,
however, will only appear identical to video decoder 30 at the begi nning of
the video sequence before any reference pictures are added or updated
during decoding. The inplicit signaling, therefore, may only enabl e correct
parsing of the single bit syntax elenent if video decoder 30 starts
decodi ng at the beginning of the video sequence. O herw se, video decoder

o ~NENS L,



38 [0120] In one exanple, a separate syntax may be defined for a GPB frane
that conprises a single bit syntax elenent, e.g., bi_pred flag, defined to
i ndi cat e wibaebtransdshe vi deo bl ock of the GPB franme i s eneodad2msiongs?2
unidirectional prediction or bidirectional prediction. Introduction of the
single bit syntax el enment may avoi d confgsion with the conventional syntax
elenment, i.e., inter_pred idc, described above. Mtion conpensation unit 82
may parse the single bit syntax el enent that indicates that the current

vi deo bl ockypiy thgo i [d I ebdvELARRLIYS bR o, kifioh WM poRL.ARh Gk Ofp
Since either of the i1dentical reference picture lists 94, 96 may be used
for the unindiyralepiicatalink cedi sttuonf thedentareidnmmtciodivetisathcomnotiom pre@iz2tiuses
either of the refer.ence.picture lists for unidirecti.onal .predj.ction.. [0121]
' anot her RPN avina Sl IHAtRR UK koS BBt RO DB hUSHEidP Shbni
i.e., inteqynRfiRetiddd¢ pré@tiddendat i wrll tectttd BB cfdraim® pibturdliie RhOprdfelrbie
first bit of the syntax elenent is used to indicate whether the video bl ock
of the GPBréferamec ipscteiscbgied Fasicrgmplee motiodi eeupdnesiain priediZc magnadaptishor t he
bidirectional predictio e.. Mbtiagn_conpensatd gn _unit .82 may. parse fhe
oynt ax el ot S e dny il WRToGRTRRER X DB e Hih oL ot s
that the vipaefictdnagkdd &itkrepdettoubs Rgerdhdddpiced (romalpréeeed edftrence plotur®On
conpensation unit 82 uses either of the reference picture lists for

uni di rect i dishale Prastrten oh10 raproents the wpjdcinaalspredistion Mode MABHSSRECHEP uni t

82 may dec?gt%reﬂc ?ijc‘t‘&r%qnbché n%éﬁ{;)g&aﬁéé ir%@%ﬂc% gichﬂg é%% ’Ltélﬁ’éac Elsn \g?aﬂfoﬁ of 11

i ndi cati ng e notion predic irec rvi any type of

i nt er - codedefresns teadbaliedtiami pegdictiodinieiet ilosaine paed) mbiiomn cowpdnsattapadt to a
ref erence %icture in.a r%ference picture |ist W?en t he viﬂeo f;fne.is

desi gnat ed SasMaY BApRtel DIREZF dheeputive cfsmenfiy for| the mmoRgp Bedictigh HISFHRY one

of the ref %(&E%eﬂiw‘tﬂ%@d bh Ho%v HREH cABSLtal (8NhE QniHR AN &E (if@ling the
predi ction. en the video frane 1s designated as"a GPB frane, the

ref erence maagtonr predicsibn ndiyechenseiochies. oBagddeon whe i alleptive dlinaregateore nmetign ct ur e
lists. [0123] As an exanple, nptiopn. compensati.on. unit 82 nmay receive an
adapti ve bIREPPTALTRA G ey odhenE RN DL AEHe A PHOVRBE et
predi ction gdiin&rtd lidate R tBy RUA¥nt ¥ia8d WIERO0is RO udfs tMLuhRectional
conpensation unit 82 may receive the adaptive binarization at one of the
vi deo bl ocloreshictpy medeavith taspeatty ¢ eaferienca Hefutd igdle picfeswdirefpesnce tisfe vi deo
frame | evel the ﬁ{deo sequence |l evel . .. 39 'Q%?4L According to the

. 0125] As another ¢xXa ., MOotion compensation u ‘[t may 1eCevg A vatue assigned
recei ved adaptive Bnar r2ath on, oot Fon conpensation unit 82 ey adapri vel y
link each séatpes@it thBeconyeitidnaklsgnetderhdid] ¢al i ingrted md,i R fheedoGéd on
directions wth different binarizations such that a single bit binarization
is |inked teedigtionydirestion @fi tha aursnietide? ibderkno dotint spmreapdion it 82 8%r ence
picture in p e i el 1 I i
Compensat | SRgisr s S8R ELohSHRgd B Khiti biElor etk Wi g,
bi nari zat i emdicdte @hatethe esehs videe hlodkdis etoided alsingr thd i wetidiesetiond epradittion
respect to the reference picture.in the preferred_reference picture list, a
bi nar i zat i &% %ﬂ%mem@nm Uriey Hea sl %?Cél&fleltehlbwl%aéélaﬂ?@ P
respect to g (&LRAYHCEE ReClmbk &1BmbRCIdHRRA R ah&ibsdndiherROERPLOEMEE: | | ST,
and a binarization of 11 répresents the bidirectional prediction node. In
sone cases pigwrilshisosapérghe bodirpetionaBpredmsiomamde. Fot yrabiiomat bit eatukeised/ nt ax
el enents for the notion prediction direction independent.l sed on, .how
of ton each (S ISTTEMGNe SSRGS & RisehP8 o maraly RgTelatnber B 5ra 61 on
di rect i ons yREEdMSwaidasRdpRferkdierdeanptd YRttt Nk i #8bidaly tdRbh@gure@sPeRGat i on
unit 82 may decode the single bit binarization for the syntax el enents
defi ned t o Higlkrasetabiliarespheincihortenlengthdabicp hessldo irepressabidie dynfex algments.

uni di rect i gial hilh %géq%})lg?? R qRe Wdofld "85 RRftatds And prEERLE PEFERES bithfte 1l L he

preferred rerer
enables the second bit to be represented by a fractional bit value, i.e., less than one bit.

[0126] The techniques for reducing a cost of coding prediction information for video
blocks in the case of bidirectional prediction will now be described. Video decoder 30

decodes motion vectors for a current video frame from the syntax received from video



[0125] As anot her exanple, notion conpensation unit 82 nmay receive a val ue
assigned to represent the conventional syntax elenent, i.e., inter_pred
idc, for wbeommtisesn prediction direction of the current perdseoloecB2 Mtion
conpensation unit 82 may decode a single bit value assigned to the first
bit of the syntax element defined to indpcate that the current video block
is encoded using the unidirectional prediction node. Mtion conpensation
unit 82 may then decode a fractional bit value assigned to the second bit
of the syntgx, Rl egentodehii Prak NUAALE rdNAbg D S AERTIREREY o GLLRAEE

pi cture Iist&?s used ?or fﬁ%gﬁﬁigirect?%nar prédic%@on]nnge.aThg %ﬁgctiona
bit val ue whketnt,ol.¢.epndsdefinadh® seomtedablifferrage betweas edmotioa ywrobalndld t y
initialization of the second bit biased toward th referred.reference
picture | SORodurdieG 30 S0 GHPA COMeUaL A ¥4 hrele PG AR SR S BEEN t s i n
shorter | engtahrey@bi@SpibeRd1iktOoff ERERRABE pidiGreSiydthaxhith 8RE Riction THedibio s
probability that the second bit indicates the preferred reference ﬁlcture

| i st enabl esnerhiedsdcmmdhdiurrens viskeorfegprais algsigniatpy asna GPEctrimaeducihihat listl Gie,
i.e., lesshan o it. [0126].~-The techni qu for reducing-a cost of

codi g pr ed P TARTT Pttt B aF T BENR DR pRERELE%R §REHerf i ona
predi cti onmtldn NEstoEeEpdis & ichBek thél cene defeames pP&ufte 60 dabstamiall9Nsiteiat or s
for a current video frane fromthe syntax received fromvideo 40 encoder

20. Convent¢fsieare gishirase Ehe AEthrad perondunetm estrs e ¢ Hideaddock afithe GPB/nt ax
el ement, i. ' eToll LEf: tween a notion

vect or andfgmﬁ5#¥§%mg$%%?@§%$gmgﬂgkggégg%%§%l%ﬁ@gg&gpgﬁent, i.e., ref idx,
defi ned t o [01X¥i] cafcerdany fondexxamplaof tkacdmamepiof this distlosireofideo dedoderedce
picture fromwhich the nption predictor is generated. Wen the current

vi deo framiOPly deeqdsndicetirshand, segopd rpoitag, Veé?g{?_ﬁ e ERt @dgh%@ﬁg ¥t 1 o6
contain i deypp fla8fcShds@d oh IRNERA cleRlRIsCNAGhRI CAK Mstiont BfngehlionaRt econd
notion vectors point to either the sane reference picture or substantially
simlar refmmyerdecegiictused®. sigin td metioranettare by meklurotg @relvecitogsthé eyntax vi deo

bl ock of the GPB f are, t f or. i ghl | ated and be jointl
oncoted. [ OraAmoRRTTionay b Silndiabufttde R seeol ths s O MY
di scl osur e [0118] ahcARGAAST o cid? Inidy Be dlRE6@MES Nk BRtidhkIP baRBGnIRE ARE syib: on

vectors for the current video block of the GPB frame based on the syntax

el ements. Ilckemant.d.onaiyd, Hist inshcagesripdfisenrohctern Aot iedorinds iskd t o
signal the tion vectors. by reducin r_elimnatd. e _syntax elenents
convent | ondiyLetBh A R <ERY P Bhmih e R IS abIdndiERLed BSER e
first noti ot 9e®s of ankyerbecedpicaEe drod® MbedH tHenflst yndimepredidtdrhie denéatedsynt ax
element, i.e., nmvd, that indicates a difference between the first notion
vect or and MoHqry eempgsatam pRik L cgperatesny firHematirio pepdigior fox the dinenmotion o |
ref idx, t . pej i i i p : ge) from
whi oh the 5t BLERLESEALLTABH: HanlL Mol 3o, o BER R Bl | °F2
gener at es ahd vidsd framikiidmtifice by chosccond syrex élemsht. Motthiowayeeitles dafodehz)

current video hlock fr a motion vector of a neighboring vjdeo block in

the video R4 eqoggﬁg? ?{p%dmagwrt fectee an@les‘g}ﬁ?oagﬁégé HY' q‘P ﬁh? E'F% RAYO" vi deo
decoder 30 ,uRNcigeGREEA AR At ShtaNRidnrvector for the video block relative
to the first notion predictor "based on the first syntax elenent. [0129] The

second not i[@RN ddeotecondy ntotien zetodevaddbnr bd dtdoded trolatihe t6 iths tfirstompaon
vector. Mdtion cpppensation unit may not generate a second tio

b edi ci or SHOE hAIBEBSRETIBR R “YEILATHY POnsSHET GRSPE VRGBSR bu
instead usege §@nd ihSton™XkANfrYACE AEigABoriMeyides BMtkMBLI ARtcRA /EEL RS first N
this way, video decoder 30 may decode the second notion vector based on the

di f f er ence NiRtoReesstarhes thicrsseontbirioian visedieler. add thikewvanpcdfiep feraden 30eator. In
Some eXamplyeseoTRE LOME HTRERSANLAR ALY 182 P Ao L EGEHY fr MY U AK:

el ements for e Second notion vector. ['n other exanples, notion

conpensat i and thy dec@ Wdtyor Reiry €n Suthy ctdngpléd, hdltiod yoipansatieneit 82afymed t o
indicate a difference between the second notion vector and the first notion

vect or . receive any syntax elements for the second motion vector. In other examples, motion
compensation unit 82 may receive only the first syntax element defined to indicate a

difference between the second motion vector and the first motion vector.



41 [0130] In sone exanples, notion predictors for notion vectors of a
current block may be generated fromnultiple notion vectors of nei ghboring
bl ocks. Iwothizois@se, notion conpensation unit 82 may gecensbt@ibobesfirst
notion predictor for the first notion vector of the current video bl ock
froma plurality of candidate notion vegjors of neighboring video bl ocks.
Mot i on conpensation unit 82 may al so generate a second notion predictor for
t he second notion vector of the current video block froma plurality of
candi dat e ' (I W Tel fi j : [
case, the gﬁe)%:jc(ﬁ:gn \rérgtgnlg g%aggg%or?&% s?i?tlofrp%é %%%d%@%ﬁ%?%g{tg ldtc%eﬁlfk&i; rst
not i on vectbergendrated Hoim exidtipls imeion veeedoforeighberifig béicksmoin tms vaset motior] 0131]

When the current frane iis a GPB f ~. such.that .the_.firs nd .second

Fet or ence §PEPGIEIPY SEL B3 SR Pisalt i dnaliohgredirdh fareh g RviaR sror

pi ctures, toRendBirtRn vides $ilsdkofroBYplRRIigeHEERMIRMS MeAb@ veltbk dFeRlchbbShg t han
the nmotion vector of the neighboring video bl ock. For exanple, if the

nmot i on vectvadecooblocke Mdptdrbseimpgnsatioe omil 82 ko iatios SeNSTaiC reeBegoad crofiTt ur e
inlist 0 94,.notkon,conpensation unit nay. genera irst_not.ion
predi ctor PGTEHEEE STRBIIROG iircor e TR ARECEP R bl RHBYNERE ence
pi cture incehdifige nidtivh Rcbs Bt Inchidesl thRirstShbGen Véddr. AnQMisangk, thsSsecdnd6

i nclude identjcal reference pictures in the sanme aorder, the index of the
ref erence POl Beqtoiomayhpitlh kendeepser orelgsivedioc thsr firs werer afcetr. puemerf fi ed
by the sec I ion vector, refers to the sane

ref erence %?%P%%@g’?)ﬁsegoot%h%gg{%%Or?{gg%f)&g%'ure lists 94, 96. [0132] In sone
cases, a mjo1xinh Weeat the cofret frengioGPR dranied eachithactke fise dnd secgad esfatecaca
first notion pr?di ctor . q&ﬁt ?e .gvaj | abl.e in the sagre reference picture
list, e.g. ,P“Iti_“@t 15§ cgptainicy P Gs crisl TGFFTQ}EEthCrMSf’t %@OEE@P {CQi &0 _

bl ock. ACC%%'eH&aﬁe& foAa Hﬁ?e!ﬁ&itqlfé%aﬁ’thetrﬁb%rpéze%%r%%‘tﬁeeneig%ﬁiﬁg viREMERAL | ON
unit 82 may calculate the first notion predictor fromlist 1796 when the
nmot i on vectfor epdmplhgifities globon ivegonofithe nelghbaring vided béchidoaiss & a mefeieste 0 94.

This may occur i.f .t tion vector of th ei ghbori png wi deo bl ock,.was
o i nat 1y PrwsdasT o pon $55hnPn s AGIGREral i oy it 4
addi tional £§04 HokioR vedtBt b0Mhc COABRNSA B1BcK b tBE rdTB¥n&d FICRIrOT differ UGQT OF S
decoded from each reference picture list in both reference picture |ist.
For exanpl &4 aiHish L 6t i Yac byifedrs and st LAG incdedsodentical radercess Riewrarinfthom
list 094 fsgrlil aora]éari %]eb%{ .eggofv %h%er%fet%lcn%%k 1|cr1]1 & 1rC0;PBv&}c rl% ¢ m%?ii)l? & 1n"[§1(ra rllsati on
unit 82 may St o€t AE” Mot oh Vector J1n ottFl 1’5t 61 2 End st 98"
this way, nphdreadcoomemiEaby e eoorid SAtdxedlcrabmais tigemefiat ecdor, ddel¥b ithd

predi ctor fromthe notion vector of the neighboring video block fromeither
ref erence pPrEE eferepsepicyne indwth rodergmge nigfyesrlists WadAt i zation unit 86 inverse
guanti zes, h1®1; - i . hZ: i Ci

rovi ded | AIRLIpEFAL £RRrigh WEciBLAEL haRMAANTIA oaeicd 6 GRkSg

i nver se qudinttimatidnoprehicne sy moa e iandlabteinube sofic scfepansit piztatd ian, gt dsed er

QPy cal cul at ed vi deo. encoder .20 for each or .video blqck to. determ ne
a degree 034qwﬁ¥ﬁ£§m%lﬁnaﬁ&tpr Py fileﬂng%t}t Vil e éﬁcqrﬁvgﬁ% e IERPT on
that shoul Q'hi@%is%%hfe?%oti'oﬂ%%%n&a‘ﬁ%ﬂ_SufnﬁrS‘E HAL tcaRB18PRI B3¢ MdAVRERSor

transform e.g., an inverse X an inverse integer transform or a
concept ual Ifsons iisti | 2 whew thegrotiqnavesfos ofnther eegdbering videhdlackan sdtorvailable in

coefficients, \n,order to produce residual blo in. the.pixel in.
[0734) “Art 4Rt hot ol oBeRar i, A8 Yognar ane SciehBrifioiice ISRIBEK f or
the curr ento_rﬁghﬁﬁg» Rberdd Pasaekt anod Aed i fit ¥&Qed of ise0D4pr adimt ddiishunt ax
el ements, video decoder 30 fornms a decoded video bl ock by sunm ng the

resi dual blselekienf meten so@persatiom it d2ningnistorggnationhvacknss deeaded gemuicaeh
predictive Kk ner at.e } o satjo ni

Fepresent s TRETSoHENER A0 STBHERACE IR, Ottt ity S CRotoh

oper ati on. cbinpeiesatioednit decabd o adotiog vEetbt omtiy 034 Sor Hacighpdringd/ille Blotk er

t he decoded bl ocks in order to renpve bl ockiness artifacts. The decoded

vi deo bl ockia 4B frAwg. BPHeEePNRENs o8 BHCE P slarethasiasiop vestor ibath lighrbyi des
f | .of 1 pef ' i i on.
reference hlogks;Qf b6 %efgﬁgsl@!d%&i Sc&ﬁﬁeélgééto :%Hf;l@%edga]{ %@g?%gl?&%aé' on

Ref erence picture menory 9 produces entation on
a display device, such as display device 32 of FIG 1.



[0135] FIG5 is a flowhart illustrating an exanple operation of encoding a
single bit syntax elenent indicating that a video block of a GPB frane is
coded usiwg 20tm1s6s0di recti onal prediction node. The il psrnat@d/oeqrsz ati on
is described with reference to video encoder 20 fromFIG 3. [0136] Video
encoder 20 receives CUs or video bl ocksyef a video frane to be encoded. I|f
a GPB franme is enabled or allowed for the current video frane, video
encoder 20 signals a GPB enable flag to a decoder, such as video decoder
30, 101 ndife Bloidk NorR: hioRER Jebio? %@Qh@qefgﬁﬁarm VLAEO LERROAGH lhcry
signal the G°B enable flag in the syntax at either gne Vi frame l[evel or
t he video se‘htwn@pictle@/hiit%]'% GPB enable flag nay be defined to indi cate

that the GP 3 zne is di ﬁaagl ed, f% enabl etd or parti al Iéénabl e

the GPB frame i STYHY JHagHaI8 N b‘%’ﬁfflel%}‘aﬂé@lsgh%t AP FZEEC APUge 43
treated as t{ghBofh 20BFiclntshhroPide®in tHADif¥REIR AnY @6@&1"@& b@%t@%ﬂeéﬂdﬂ@(umy\hen a
GPB frame is partially enabled, the P frame, B frame, and frame
concepts néj. Bhictinecssceqaat zatiostriroesss maneeqiucée uS[eonf:a?quaml@élon@ﬁ@@@éqr lef t hen
determ nes t de _the cur |de 10 g Some
cases, noti oﬁuﬁpet%ob%ﬁdg% Miliea 29% i d{egaoern\(’:l@%oeglo%l%o dRYT n%ongg% f 8d to

det erm ne tqentizatien apd.eksris@na dogec fdfrlnaery¢ demtizaase tm Cschbdldnlge bpplied.
predeterm ned pattern for a video sequence. The predeterm ned pattern may
desi gnat e GRYETEsr IrHRSFEMAHERS HMPAIREAN IYCERAra8sglBrive » a1 PRI GRed. INY$Sot her

cases, moti; zg@%&%}dn%hhogbﬁg%ﬁceﬁéaf‘?#ﬁ%ﬁ J&&etrééﬁ%%n%m%p%s Qﬁar%ﬁé&L”a' Ly

desi gnat ed ranes as atter case
the GPB f raneff’c&nfsuhloydemto padtéeadehiyua hdduke th the @B Hordpihi onal ly, the video

encoder nal a GPB franme flag.to videqg decoder i ndi cate that
t he currentlgﬁ%ch ¥ mgHon compRRsHan ULE $3 Septiics Hieerediesy eb% %@6%%@@ 20

may signal fqg & f4s8dBn tcdbotidh {diors ¥ BredlioR @?ntQ;f: efeﬂfcnié' 080 akdddtr

| evel , the video frame level, or the video sequence |evel. The GPB frane
flag may béOLfelems 1 gecorpd viceo by)ck h&@nrmun@l&m rdsdwetockﬁfmhelmasgtrwmﬁoﬁn anme
within a se. s,, encoded red| ction

h th
0T ect one aaRe Rk ong erEror e duetie BRES IO b Reln BhR e

vi deo encodgrt 20 nBymmet %Xfépt@bﬁtkmélmedonmeo@&n b RS em dlirfagm tHas t hose
cases, video encoder 20 may inplicitl ignal the video decoder 30 that a

gi ven framsumsagneopedtion. af dpBedr ade lﬂH@ng fier may erlsnbe apiliedupdiliardhe are
| denti cal . d-gpe e Wlﬁlll(gllt %{e]r Irflocvletbloc L fs's 4 1f4acqs ;1 Bdfe{i% eﬁ%;llo (i’(dl g ey
be necessary rant 1's encoddd “as @ B 1'¥ ane In

ot her caseshenaste fid asRrace Spittaee hydpeoriey2, behidef praetdcs Créfeiréiﬁe CﬂHBckfsr afe,
whi ch makes any additional explicit or i1nplicit not| fication of GPB frane
encodi ng urRPEEBSS Riciurey 1 3ohscopar MAenceRERtation d Bsfaeiaseictyredaedemi fed t o

be encoded i

o ctur o |1 <10 eoieth JOBER kO RR pRAEAARE &P HhBhEePck Fh of BRERGTse o
for the GPB2faf&ih@. t.hat cont a| n |dent| f| ers for identical reference pictures
in a nenor i.nc 66 and |i st 68 include identical

ref erence ﬁ?g%?rﬁg 9 ot | WC éﬁgrafe%ﬁn FTTPIa 2PTGR bgn epingls Bihy use
ei ther of tspﬁta;{ V@erhéiﬁ%ti&@ﬂm%%{a%raﬁ@%o%l%k"o? d IGPP flanie{C b@deaeas%g/ thor

uni di rectional prediction Vi deo encoder 20 encodes one or nhore

vi deo bl oc kiwidofectidral maldtlloammdasﬂﬁ@ illndteitadeantcratioalis gessdbed vath refictdmce éspect
toareferen e% e inlefélger of the reference
€0 from . 3.

[0136] Video encoder 20 receives CUs or video blocks of a video frame to be encoded.
If a GPB frame is enabled or allowed for the current video frame, video encoder 20
signals a GPB enable flag to a decoder, such as video decoder 30, to indicate that the
GPB frame is enabled (98). Video encoder 20 may signal the GPB enable flag in the
syntax at either the video frame level or the video sequence level. The GPB enable flag
may be defined to indicate that the GPB frame is disabled, fully enabled, or partially
enabled. When the GPB frame is fully enabled, originally designated P frames may be



44 picture lists (106). According to the techniques of this disclosure,

noti on conpensation unit 44 then generates a single bit syntax to represent
t he noti owopnediisésoon direction for each of the video blpoThs2€emoedst usi ng
unidirectional prediction. In some cases, a separate syntax nay be defi ned
for a GPB frame that conprises a singlegbit syntax el ement defined to

i ndi cate whether the video block is encoded using unidirectional prediction
or bidirectional prediction (108). Introduction of the single bit syntax

el ement may,.axQid GOEFFIQRWM bk bhEvE %Yi%ﬂé{eﬁg?sl fo? YRLRKIoEk € WeRktn 4 kAR

includes a first bit defined to 1 ndicate r unidirectional prediction
or bi di r ectfiaomals pargdiyc enabhed, sheiPefiame, Bnrade andoGEEk framadcoacges omy b t
defined to indicate.mgjch r?ference picture list is used for unidirectional
predi cti on TPHEA {ISRETOPHESsepar at e syntax el ement is defined for the GPB
frame (YES[Dremohd&f enkdddr 20Mich @RtceAMRE RS 8hdodB thinbdrrdd vERBEF A ESs 4 loPRsi ngl e
bit syntax elenent. Video encoder 20 encodes the single bit syntax el enment
for each offramee(0DHedn BpwE leesaso motidh catimatioraunit 4 ofi ddep bhapdrr ¢ neyceded
using unidireectional ediction (110). 1t is.nat necessary to explicitly

T gnal “whi RTUrRRad BRIt kb SIC Ry LSFER Bt aloiBey b

bl ocks of tphgictdiBidedditernbfee ausdotictiii@ice OfThe heedetiemincdalattef @EEdeggmitet ur e
lists may be used for unidirectional prediction. [0142] Wen the separate
synt ax el e®BAtOrHEQCnflet ddmeydp ithe dequspce e (B frmese Bir §3€h Bpliamg) |
notion co asat [ on -upht 44 . ge onl 11 I f

conventiogg s@%%h@ng?%%%?ﬁqégﬁ% ed&g%§%§8f95%¢%ﬁ§lgggﬁéﬁﬁ§&gﬁé)P?§§§a%it of
t he synt ax iR frembs.f Olic kacihcasé miah depéndem whahdeshd GPBrtimaiseuliat partigllyvi deo
bl ock is encoqqﬂlusing unidirectional prediction (112). Mtion conpensation
unit 44 may"®fHinate the second bit of the syntax el ement for video bl ocks
of the GPBH{@I®piRRRHTR GlEdEEcoREr 20Ray §IRLENEPBPhe fIg kd $iiSo ABYdRE used
for unidirectional prediction (114). In either case, vided encoder 20

si gnal s t hé0stbngllieatbithatsthe tcasteritoridech&amotis encquicd dis ct GBB fdame¢t1420n \atleng

with the notio ctor .infar iqn for each video bl oc f the frame to
the vl deo Bt PO Sted i Al bh Mot fa B the K0 Rieaht w8 sfiletilr
illustrati fg Ade&Ranple PRR1X Vidfo MqueR&aeidld Tac SiPHEEmbifthg Syt X used erent
indicating that a video block of a éPB frame is coded using the

uni di r ect i enplicihy adpian visigo deensler 30 ¢hatt b igien feaneadw Bhiaraateaence ¢s eweded #fedl wit h
reference t(g’l%/ %rd%% Sgl(elﬁ: %ﬁn 1(o)nf %e%ri]gtlléln i e4t'ions4?e Ltocloﬁéeul W\lffhd%guc%ﬁ%(i)tdser ta%o
recei ves a itstreami nc U(?I ngpan enco e8 Vi cf‘eo raneg an syntax Inem'ants
that repr egenbmeadsdsg hoWkodrmaidco rentd du28Nme P mive sRElNdil N gignhldte GPB#ahic such
as video encoder 20 (116). Video decoder 30 nmay. receive syntax elenents at
the video KrerdingInFihoscgases, videe cprertss 28 mayelmidighly. signed the vdep flecgrer $Qvel
and/ or thetP((j;itdae iv%ﬁ(}t'a%li?s LEbRkd a5 GRRY IGE QT AItHUNCE ré&eoéict\(lfedﬁ&s dgcoder
30 entropy decodes the bitstreamto generate quantized coefficients, notion
vect ors, arndknoichierThpreeplict orampsiyithatificdtionh od P Bifaad engding maBbe harcwarys t he

of predi ot PO CPRITYL B BROCDL SO drh 182 HERC ey fiREs Har
GPB franme ig$ sﬁér}ft?bgglawbe@ehﬁw&rfﬂ% GPBeTaHE, WaRth MbR&%Unk TalRIohdlekbliciMBE | on

conpensation unit 82 iy determne that the GPB frane i's enabl ed based on a
GPB enabl e ifphgt netdfaiatien oMGPB frdmec eyentiag vancasbsaer t he vi deo franme |evel or

t he vi deo | evel . The. enable fla be defi,ned | ndi cat e
et 't e RS AR BeSoumdl St N fubidied B vpgnfade s s ket B3ET0 3 4)
Vi deo decod@deodhcsd@®SstdRe affirkiSiefdr@fRMAAGR Xt Glistr® dd &ild { kdcdhd PofeRAcand

t he second reference picture list (list 1) 96 that contain identifiers for

i denti cal medteiedist lispile 08 festhe{sPB ahaideantpin pengfiepsder wenti¢ad refewaes f rane
| evel, in a. Ly ( | 0Q: t 1.ON;: Uni e r.od t hat
the.currendiraed! ¢ il B4k ofuf e TRPOSEARF UL by T RTINS,

Mot i on conpais@t,i stiecmedmBhsaiyn Get 4 f Relch hatoder POviaay hisasher 9 ahd D f r ane
based on an explicitly signaled GPB frane flag received in the syntax at

ei t her t he idended referaise pishiur lists iciphenesably dorrmidivestiond predi@ion; deo sequence

| evel. In aSe i i al ' t a

gi ven frangﬁpgﬂaﬁ%%b&rPgﬁékgﬁgﬁﬁgﬁgﬁgﬁﬁ??Hgﬁﬁk%égé% ﬁgggggﬂ%gﬁﬁh%ﬁ%ﬁ%
lists 94, 9Bidenti@iah pradiériioncaith respectetncergieretesr psturd e eehapldfaht referenogl i ci t
notification of GPB frame encodi ng nay be necessary when the GPB frane is
encoded as a B frane or a P frane. In additional cases, notion conpensation
unit 82 may determne that a given frane is a GPB frane based on a new
frame or slice type defined for the GPB frane, which makes any additi onal
explicit or inplicit notification of GPB frame encodi ng unnecessary.



[0146] When the current franme is determned to be a GPB frane, notion
conpensation unit 82 becones aware that the notion prediction direction for
each vi dewohkbalsésn t he BGP frane encoded using uni di reeCrasad1ipaged: ction
may be represented by a single bit syntax. Since list 0 94 and list 1 96
include identical reference pictures, nggion 46 conpensation unit 82 may
use either of the two identical reference picture lists interchangeably for
unidirectional prediction. [0147] In sonme cases, a separate syntax may be
defined for,; fh : i a2 Sd i n{.ax i ned
to indicatguaﬁgﬁﬁgﬁlt éf%?g%%&%?@% ﬁggm’H%%ggggG@#&Sﬁﬁh%gﬁ?ggﬁﬁgﬂgﬁgﬁ{
predi cti on uait 4dithiér gancratesal siggle Hit cyitex to kPAsent itht moto piedivtion dirbaiosifogl e

bit syntax el.e t oid confusion with the conventional syntax el enent
Dhat ) mer e aF fhe Tty NS Rttt Mukitel Hial BRAERh o et on or
_bi d! recti OQ%ar@cE% hﬁkirﬁzﬁ}y iofé deE88H & @M@ra%ebﬂhﬁﬁkomﬁﬂﬂsisaa §i_ﬁ§l@”&it E)jzﬂtap& 0

i ndicate which reference picture list is used for unidirectional

predi cti onclgneEpagpfipgete trisdicase phcthre theynidax bédckms rancpdeddesing edidirgetianae GPB
frame (YES branch of ,124) . tion co atign uni-t 8 arses the single
b T eyt e PEABRER, 8 pkfrtbriofR i S0 SaTR RS IRbiOlidn BF RE"Hile qlGHLRE,

uni di r ect i @foahenp b a&bidaddnfubz) witlkiCenethttimbl §intdxhdehagnhitdadludsfefignce
picture lists may be used for the unidirectional prediction node, notion

conpensat i & dined do in@iease ovhsther unitlireetionsl errdictisincerubidgeqtiogplkpregiction is
uni di rect | %@?ﬂhtgp@g&efﬁ bRk, %gsrefgﬁgdnﬁigp@@ge%% %%g%l X ol R REedR8$idi0k [REEN

defined for rame ( on conpensation unit 82
par ses t he isysetdur elidinnvndlgrediction. t he first bit of the syntax el ement that

indicates t he video block is encoded uysi uni directi onal redi ction
(128). Wbt i[gﬁh& M%@aﬁﬁwta ARty Qlea@g‘swé#eﬁﬂ%f %6Fhet ﬁgiBBrféefr%er @ﬁ%%gﬁpetf af es

lists for 1) ynbid 86hpQR&oPLER AL LAR ARG iRl Bil §YniE@Rmdtt. degqdecoder
30 then decodes one or hore video bl ocks of the %PB frame using

uni di r ect i eneddepe dnaideothefsimgh biheyntexedlememdor efck o€ Heevigiochlocks to irsticated 30) .

[0149] FIG, 7 s .g flowhart illustrati.ng .an ex | e ration of encoding
bne or o i uesbBHE R s i Rt s T iRt BB s b BesaSHE g
the uni di r egtinaly ﬁ%ﬂ il dhUT thOREerb i QIPidufcaisey SNSRI Bichtdeqhd VRIbo BRIcRY | €ss
than two bits. The illustrated operation is described with reference to

vi deo enco®éthe2@PB fmma-beause ciflpt §ojhevigpigakistsense prautedistsi masbowedder vi deo

bl ocks of a vj.deo fianﬁ.Qo be encoded. Video encoder 20 then determ nes the
. uni1 1reFt1?nr_ai1 predicton, . .
encodi ng node © etcurrent video frame (132). In sone cases, notion

esti mati on [0md2] WRerothe éesteste spatad efemdt hayndd ®cerodfingd rfedtht GRIB Framd (N t he
inter-prediction node for, a video frame according to a predeterm ned

pattern foPrarchifeld deqatipr €omprrsapeR dBit et nimis epaittcePHY iy fHeishiyRathe vi deo
rares, | KORASEHERER ATl B AR BRI CASRE AT,
as GPB fr arkspenoformnich offi the video blocks to indicate that the video block is encoded using
unidirectional prediction (112). Motion compensation unit 44 may eliminate the second
bit of the syntax element for video blocks of the GPB frame, because cither of the
reference picture lists may be used for unidirectional prediction (114). In either case,
video encoder 20 signals the single bit syntax for the motion prediction direction along
with the motion vector information for each video block of the GPB frame to the video
decoder at the block or PU level.
[0143] FIG. 6 is a flowchart illustrating an example operation of decoding a single bit
syntax element indicating that a video block of a GPB frame is coded using the

unidirectional prediction mode. The illustrated operation is described with reference to

video decoder 30 from FIG. 4.



47 estimation unit 42 may determne to encode originally designated P
frames as GPB franes. [0151] Wien the current video frame is determned to
be encodesoasi2a1§&43B frane (YES branch of 134), video enecdars2@Q/0%478z es a
first reference picture list (list 0) 66 and a second reference picture
list (list 1) 68 for the GPB frame that gontain identifiers for identical
reference pictures in a nenory (136). Since list 0 66 and list 1 68 include
i dentical reference pictures, notion conpensation unit 44 of video encoder
20 may use |§{ 48 ddddfed Wrééé%%'acﬁi'tst{e%eihgﬂﬁﬁﬁl RBICidto8ed VRS fRin@and
preferred reference picture Iist for the unidi regtl onal prediction node.
[0152] Whenytthe dememntthei depefentmeding debematione froto ape cemespdedingsvided
frame or a B frame (NO branch of 138) id encoder stores.a first

ot orence. ShEtdPenienats IR o6 k6] oSMRAtRERE: S CBRpirERiNte YISt
(list 1) 68dmntd hethbrad® bldak of Pt &ival, itReRtdehisaes 1dver, tHE MRbemdmé efel ence
pictures in a nenory (138). Conventionally, list O 66 contains identifiers
for past rehédpeHeeigiccicgrenseaangl.| Estropy dgodivanait®§ daf dedeoideredos 3P gntropit ur e
reference pCdll Goe il SOTR0 GARERe TR0 SOTRENSAL hPRioiN it Y other
determ ne P one oF e ' wo re%ee%nce pi eeure™r % COYT%)I’I %e¥'%
preferred mpeddstRMCEnpixCt Bhopy décoldiiy wiit dDrfosidrandic Motioh Gttors 4nkB8her Thi s
may be the case when unidirectional prediction for a B frane is nost often
per formed PEBHIONSHE 63 mefion eerapaeiEonuBkt (e of jrgedictipe pni el - otetion For
exanpl e, unj.gdi ! redi Ggti i I or med
baced on pacyPPERLbERR o8 EH ShkARabClhafs S BleTn bl ELAdAPEREA ©) T
t hat exanplcerremoiid@nfremo eIy atv etiv rucunhpohdativayunite® 22 mal metciate thatsthe GPES | S
the preferred reference picture |is 0153]. Vjdep encoder 20 encodes one
of ot e vi dBGN SEHCERPHEN B GITE RS efm%la Wﬂgiﬂﬁg“yflﬁé a4 R Y Fehal

predi ction fmpde| e br 'ﬂf‘éﬁg& s%%m‘ﬁcé ¢hR1 enaR BPBL 4HaBId Nad *?ﬁay%;{@‘;gii%fgﬁ&gto

reference picture list ( ). According to the techni quées of
di scl osur e indruit¢ gt thergpih Samicandisatiled, 4dllyt ¢rabledeorepaatiadly ambledr nore synt ax

el ement s indj 1.0 he ion predictian direction for h of the vjdeo
bl ocks. -vi AL pe e Tl I ) ratedrrthisn T 0E0T 3t iy o <
for the notérnbs pRtes iGN 1isH IN©GithARonYindaentERePRRIdcAlcdl ReRrept OpRhiges BE

val ue assigned to the syntax elenents for the notion prediction direction

al ong wi t h indieaterbtin oficveerasr at thorvigo drnfcolevehcht vi Bemony dékd)of Mpgon
current vi %(oar% fergsaa 10n {ncl)it %??he\llll ({je?e?’m(ijne %(%ga% I:[heac%urtgegl vf%i'eS’ .lglrn%ris Igr%oldgg % a G[ﬂ-jg
[0154] In SO cases, ‘entropy encodi ng uni nay binart Ze each” syntax
el ement i ntfan@ @RY).0In SHnXEEHIES)Geotdh ddiniRAYatidhtuSit SDRag dBéahine ahala Syed ax
el ement for the notion prediction direction includes a first bit to

i ndi cat e wHEiels aHPH fFaee baiedlonprestinticityrsighalet GPPtamofae rercagrddaiteh i s
used to e.“%?ﬁ’tgx g ot ?bw A ﬂic% §GRNAn LV fach ‘Prgh{%qbs%@,tcﬁ é}(’)l\é‘bf‘d'eo %@i&ﬁf‘@fé@el.
picture list I's use or unidirectional predictron. nventionally, a

bi nari zat i dnotder Gaseep@antosnensitioa chit@ahaypdeetinnd tat a givbn framicaat IGIB of 10

represents unidirectiaqnal prediction fromli st g d a .bipar.i atfj on of 11
representsf@med‘wﬂf‘é]c F ol fang perend F1eines Bitiurs @%t_s % Sf%%wm} niighd r6fe1C0€3 1 at ed
exanpl e, MO dt@Rs. CORPEXI R R TPt ndkidXBYn afepl rghy ellld_o'ahlg%% Gghé‘ceg’éalry

binarization to the syntax el enents indicating the unidirectional

predi cti on whedehaVGPB fraspecincodusl goreelB dramecbrrael romcdn pilditiona chiest mptiarp) .
Mot i on conpensation unit.,44 adapt the binparizati ased on how often
bach st at uBoBPALYHPAIRL R2 BRI 1 EhESR 0y biPB CATEPFSH At | ons
occurs. Wigpnnbralice & peOdidiine @ F&ding (G fibheMyvicRIBilRs had abgtishansplidt 6f ur e
list is used nore often than the other prediction nodes, it nmay be nore
efficient t@pli¢ihrotiicstipgpeGBBtirammencodmeivsncasssagy-wi t h t he uni di recti onal
prediction [ r e. Pj Ee rr I ef ce.pjcture
ot “For A MAATHE o B0 RERRTRIoRh R § ob AGME il BO0D8 LALRORERL

pi cture |i sihit YIdidcomes awpenhatthe motioh tpretictivaydiadapd fdrrachivivee ibtakiianhsuch
that a single-hit binarization of O represents the unidirectional )
prediction h%&ametqw@p}@&g wdigectignad rapdieliq pieybe represaniad by, a gingle bit

bi nari zat i 19 e Nigdi i : Lclhlon: e
respect 1o LRt crneane et pal o AL ARGCRE ECtbEhe O RiRRAS bhch
represents the bidirectional prediction node.



[ 0156] Video encoder 20 may then signal the adaptive binarization of the
syntax el enents indicating the notion prediction direction to a

corr esponsiongimils@e decoder, such as video decoder 30 ( péd)us2ibioiors?
conpensation unit 44 may adapt and signal the binarization at one of the
video block or PU level, the CUlevel, yhe video slice level, the video
frame level, or the video sequence level. [0157] FIG 8 is a flowhart
illustrating anot her exanpl e operation of encoding one or nore syntax
elements | ngipehdiitn (A 88 HhyIGReDLifeK dfSHEHRH iashind tGohtY Bidietiional
prediction node with respect 1o a reference picture in a reference picture
i st using 1ﬂ1te1$bang¢abﬂytfmu1bdnr®tlofﬂd@rq:dl(ctumtrat ed operation is described with

f to M der 20 fr 0158 d
recet ves. il T5RerBh Chr e Pl Vbl i heiled ik GREGHEE: B GRSk oder

20 then det,&ifp|dBR sytiex SRARAH NIinERULInAfcat NEhARETBOYid¥d %@kflg aBdédleig I'n
sone cases, notion estimation unit 42 of video encoder %t,‘hbe confl gur ed
e

to deterni neiditgetionsd eredmtleﬂ|ocb1d@n¢ctnmméplfedrctlan\mﬂéo Ilitr@ﬂmetlm disinglet byt a
predet erm ne ag #e enprnaoraval con OlOIsleW erlcec enl Rales I?tt er € nfjthpﬁl ﬁld
desi gnate V?I eo ranes }, ?H élauence ag BIl\F g 373rm§ g Fn SOITE

cases, a CREBirkttEm® indiatbevietRbuedirsethal lblaalcﬁ@eopusldﬁedtﬁnw Hediclisraidrisemy be
de5|gnated as GPB franes, or notion estimation unit 42 may determne to
encode ori ¢¢ §B¢A% adeleslyriad édsepond hinie ingdcatpphichagtcsencp mca@t]e I\ énused dor
current vi A rmned to be encoded as a GPB frame (YES branch
of 152), %gg%lfeéncoég%dggggtores a first reference picture list (list 0) 66
and a seconjdil48Véhanite sppacitasenthx semchi stdeﬂijlecﬁﬁbr filor GPBer4aRB(Y ESbentihaf

contain |de tlflers for identical_reference ures in a nmenpry (.154).
Since | st Ig4banelifd SAPGEnTalEs YHCH AR SFURRCT IR }te%/@ﬁaéﬁé%nﬁt%ﬂ%écatﬁ%u on
conpensat i Q,t W $idésbigkk i e%@&de%%ﬁl%q{mcﬁ%cﬁ@ﬁ(al B?e%l&foh*(?%)OfSlﬂc'% &ith¥Wf the
identical reference picture lists as a preferred reference picture list for

the unidir e@&tmtloatialtequM| witiuon listsdeay [06]1664 futhére mmélrmmlondnpreductiem nfgdgme i s
determ ned t

b d P f f 15
OF oo encoditiodcroRttnggon Witk ueek PO sh s et e e TR 0f CPIEEIAY o
second ref grQAGRNPI Whe thel depirafe! dyfitax Tlerht fh@§ néthiech ldefiled mtthecgpgqmne
identifiers for different reference pictures in a nenory (156).

Convent i on&NOybrap¢hs of h22H6 modian sompeisgting juhijtS2sparsps tb%lﬁifnt@%ﬁ]@ﬁ@ﬁt@rmnbt ures

and list 1.68 t.ai ntifier t fu fer i cture |l n._sone
ohees. i (o aED Mi@irife sARRE Lehfh ol Indidlhall faf §6 SIRBTTOM K oHeGR bilnd

reference pintditdt@oral Siredicom1=9s Mcmoaf esmhpehsaedre AN CE2 pised @ither bBithd or
unidirectional prediction (157). This may be the case when unidirectional
predi ct i on refgrenge BleﬁlsrsﬁélSﬁszom%q u@‘ﬁtréﬁloé‘élr PEAifian BBeEd & cBpRE Gsc.t Yideo
reference 'Te&;dé%e d 1B AU&Test Bk %hﬁior RRGec® ?JHRL eofb‘ﬂ% mcﬁhr%'aum
prediction for a frame may typically be per or ned based on past et®rence
pictures f nmrdﬂectsdnaﬂ)pﬁ:&ctlsn fiiolathe tpocterré fefaomee pidtutetiat (180anpl e, rmt ion

conpensat i ni deter e that list 0 66 is the preferred
et or ence WKL R Tiga oS! Ry i eI P BB TGN B O BOUS deo
bl ocks of t a§ B VihdRalS AR HSiBEh s dobiaptispRatnuRRietigH mode
with respect to a reference picture in
prediction mode from a reference picture hst using less than two bits. The illustrated
operation is described with reference to video encoder 20 from FIG. 3.
[0150] Video encoder 20 receives CUs or video blocks of a video frame to be encoded.
Video encoder 20 then determines the encoding mode of the current video frame (132).
In some cases, motion estimation unit 42 of video encoder 20 may be configured to
determine the inter-prediction mode for a video frame according to a predetermined
pattern for a video sequence. The predetermined pattern may designate video frames in

the sequence as P frames and/or B frames. In some cases, a GPB frame may be enabled

such that one or more video frames may be designated as GPB frames, or motion



preferred reference picture list (158). According to the techniques of this
di scl osure, 50 notion conpensation unit 44 then generates one or nore

synt ax elwoeni2isesdi cating the notion prediction directipomusestieac2 of the
vi deo bl ocks. Vi deo encoder 20 assigns a value to represent the syntax

el ements for the notion prediction diregtion. Video encoder 20 then signals
the value assigned to the syntax elenents for the notion prediction
direction along with the notion vector information for each video bl ock of

the currentyhaas [ifiea® Igl% B |ndER Qﬁ?&’é’%ﬁ%%ta%[ai%sighﬁ% POfrafibd hEYHIB

[0162] The conventi onal tax elenment tor t on prediction direction
i ncl udes affamest bit to indicate whether unidirectional prediction or

bidirectio redict.ion is used to encqde a bl ock, and seco bit to
i cate wAPEHTEREY BB b iR o™ 8°Gulin®t &F SonupIaLEs Grar® rame
predi cti on(YESIHraRGHABY), vRRbARILNO ARkt Rt fof@EnRJittIRLIBS (11s70) 66 and
probability of the bit being 1 or 0 based on the context. Hi gher

probabi | ity sceend resereneeghesntedist ((esido 198 tfhethgpRIB Srameetbiat eonéave adbatifibes feynt ax

el enents. | .0 ases t.he value nmay c i se a fractional. bj q..€e,., |less
Chon one piert EUTEERERR itfrel th tenMRbnGOERL S i 840 SRElisd] s ihafiedn ¢
44 may ref edentioalcefthdr@y padtires) Maich ddhdenbitiagamitt 4ueofviddndidodén2(0mal hise

syntax elenents toward the preferred reference picture |ist (160). \Wen one
of the ref itbeiced the Evqidentigad referegeppistuse fisly appdrciered sfprence piplre Hetdor

picture 'i?ﬂe&ﬂ&%%%%ﬂ?ﬁﬁ&%ﬁﬂﬂﬂhﬂﬂ£6diCtio”’ it may be nore efficient to

i ncrease the pro t at the syntax elenents indicate the preferred
reference pOEIINEhdn i curnrchthedeanfemofis titerminedia Bethcodad ape @dirahe ona®de.

For exanple, noiion co tiopn unit 44 may set. the_ state. valye for the
second bi t Tiyma @%‘9 éwg%?«ﬂ??&@#oteacweéﬁr@wt%ﬁ% B &eiSFISaBITYEySbilist AL bi t
being O, i .68-andiaNdsiAltefigerlch %ﬁctlgre s8¢ ﬂg&gfogﬁfeoﬂiﬂh@ﬂl& SodtdIf iGQRFERUbAL | ON

data. [0164] Video encoder 20 assigns a single bit value to the first bit
of the syntdafkcrettersiarendeopictunes motiroempiryedi3@).i dPordienteatailpnlistod 6dacintafis t he

video bl ocks to indicate that the video bl.ock |s encoded usin h

i i oct s RTBalr oG A et (TEH “GRUY Enb sBRaTD stfhde dobunue
fractional rffefen¥@biéturtd Ih@nxeeRBH ndtfonQontpRBstitudk £l RRE QbtehRine tWifcHDt i on
prediction direction for each of the video blocks to indicate that the

preferred rafa&fdhedvpirefcranec Ipicdre Jisédcanaprisgiadpreteeted opgerense ad¢terei bt fabde

(164). [ 016%1dir%'ct§na?g{eﬁic%t0£ l(g%h%ﬁs rhall I‘tl)JStthre %Elsienvgh SN %(i?‘ergglol(laalo ee({i%}oin%r of
] Ol ntIy COéli ng a tir notl1 on vector na a second notl on vector or ‘a video

bl ock of aa@PBrahicaildEndynoaee deifisinitd tised beoht ondlc Rfeicetpi@te [k over the
illustrated operation is described with reference to both video encoder 20
fromFI G 3thehdFoi eres e coifiiccaanat pesdiotipefog B frame may typically be performed

based on past reference pictures from list 0 66, similar to a P frame. In that example,
motion compensation unit 44 may determine that list 0 66 is the preferred reference
picture list.

[0153] Video encoder 20 encodes one or more video blocks of the current video frame
using the unidirectional prediction mode with respect to a reference picture in the
preferred reference picture list (140). According to the techniques of this disclosure,
motion compensation unit 44 then generates one or more syntax elements indicating the
motion prediction direction for each of the video blocks. Video encoder 20 assigns a
value to represent the syntax eclements for the motion prediction direction. Video
encoder 20 then signals the value assigned to the syntax elements for the motion
prediction direction along with the motion vector information for each video block of

the current video frame to the video decoder at the block or PU level.



51 [0166] First, the operation of jointly encoding the notion vectors wll
be described with reference to video encoder 20 fromFIG 3. Video encoder
20 recei wee 2003018650vi deo bl ocks of a video frame to be ecrasee/o¥i7deo
encoder 20 then determnes that a current video frane is a GPB frane (170).
In sone cases, notion estimation unit 44gof video encoder 20 may be
configured to determne the inter-prediction node for a video frane
according to a predeternmined pattern for a video sequence. The

pr edet er m gk pah \&hE ARY, HESHIBRRIRNRICG AR BinifleOh SATES clofchiifio o
sequence as GPB franmes. I'n other cases, notion estimation unit 42 nay

det er mi ne Witevthersefeenencddanayi isnallhy adesdgioaslesynaxf elrnmest & GeBnbriames.
The latter case. may depend,on whet her the.GPB frame i.g. fully or partially
enabl ed. [ GTEHIRLRFCTE MR AT e g MocGEr whifinen P BECEAL Bted as
a GPB frampdidcHem pRERERn 8Qissd & efcodefa BIStk, Tt QR68d BitGhUhdicatt Sthiéd 1 St
0) 66 and a second reference picture list (list 1) 68 for the GPB franme

t hat cont airefeicent piffues slist ois juskshtfor ainidisgesipadlc erasiicionr esCprveatippsipr ya
(172). In the case of -bidirectional ..predicktion tion esti ion unit 42
o v deo ooz 8L QI GRES AR BRI LB b Pty
second not ivafdinessml pfdd@dtiohi fidm 1is68, 4relr a aaHzafon0sTel 10fcprovtrts ihid@octidnac ks of
the GPB frame. Video encoder 20 then encodes the one or nore video bl ocks
of the GPBPreHEHONSEIMYSHE-di rectional prediction with the first notion
vector fro it 6 ond.: j - £ ' - 74) .
[0168] Acody Hhan P fh8RAcd AEaARE ALIER EbABERHE it 13 has Blaphy BT 1KY on
unit 44 maginggdut eifkrizatios e theosygitgnalementsi indicwagt tie urmidioscnahal girediotioreac h
of the video pl ocks encoded usi i directional ediction. Since list 0 66
and 1ist 1 7oK Gees durtrels eggi‘e@@n@%@%? et 0 82) VKoY Forgpenshchseibnd
not i on V?CMQr§m§ﬁﬁaﬁﬁﬂﬁuMﬁ&%ﬂmBﬁQ&%&iBHQ&»&Q@nﬁ%ﬁ%b%@%&i%P%?mﬁk@ﬁ&ﬁ&n@r
substantially simlar reference pictures. The first and second notion

vect or s f onndicatingele tmotck pofliciotidBeftranyecamre, Whee usefdarcetiorhi gredictionfioel at ed
and it is nore.efficient to jointly encode the.t notion vectors., [Q169]
Vot i on compateistieniciainte hbENal itsSTHOR phe il RS reletEEb et de
first noti emyVeehre Qlffitibg ©ULiAeRt siﬁ%lgeﬁt bimagikatfonost 8 WEk it uiREkeionaf a
nei ghboring video block fromlist 0 66 (176). Video encoder 20 encodes the
first noti eredidnonodefronhe rofetuge ek inehatreferred refpriened pturgrdisi. o for
predictor (478 ThanfiLst JRLL AR VPSL Ahe YRS GRROJRY convenil onalily as a
first syntax efehent defthed 1o 1ndi cate & oflrfr?erence bt ween the Fitst

ot i on vectcompamdtibi @nit 44 Stayafapothc PirRdizeicd suchmight 2 sHpt@B bahization &)
el ement defined to indicate an index in list 0 66 of a reference pjcture
f r om whi ch remesenfsthe upgirp@ionpl egdistien mpde yihapspeedo afrefenore RiclEd el Sder 20

t hen encodesy: : i for. i . i o, t he
o0, e S S SSR ST REnR Ml RCbAE AR RRE Ul AhAS %
el i m nat e tréfercayapatreirelisent sndcobweritationalf 11y repsedntsoha wdiregmntl prhdics@cond
notion vector, In this way, the second notion vector may be encoded as the
di f f erence ™¥ween the first notion vector and the second motion vector.

Vi deo_encoqgiseialRatdict 9. bk Ny $aAednIBh AR CY BRbEfioR! MNtharitaot her
predi ction syntax for each vided block of the B frame to the video
decoder at ctcmeenbd mdicabng Big metren prediction direction to a corresponding video decoder,

such as video decoder 30 (144). Motion compensation unit 44 may adapt and signal the

binarization at one of the video block or PU level, the CU level, the video slice level,

the video frame level, or the video sequence level.

[0157] FIG. 8 is a flowchart illustrating another example operation of encoding one or

more syntax elements indicating that a video block is coded using the unidirectional

prediction mode with respect to a reference picture in a reference picture list using less

than two bits. The illustrated operation is described with reference to video encoder 20

from FIG. 3.



[0171] Second, the operation of jointly decoding the notion vectors will be
descri bed. Video decoder 30 receives a bitstreamincludi ng an encoded vi deo
frame andweynixmsebenents that represent codi ng i nfor matrcenushomes2
correspondi ng vi deo encoder, such as video encoder 20. Video decoder 30 may
receive syntax elenents at the video bl ggk or PU level, the video slice

| evel , the video franme | evel and/or the video sequence |evel. Entropy
decodi ng unit 80 of video decoder 30 entropy decodes the bi tstreamto

generate Qqygyg) Z\fi@eoc&%&ércdoeﬂ&évesr@ltjb BPvMQG BR)rcﬁs ofDdideb %he%%@ c%'ar

synt ax. Entropy decodi ng unit forwar ds the notion vectors and

pr edi cti on \dgeut encotler 2otheo detennmem‘élatelnocmlng]modszf dfe quredi m’dmmﬁamm(tS(Bl
[0172] Mot |Ion cor’g)ensatl on unit .82 the tﬁBm nesdt t thg cur ntd i deo
frame is a GORTFrENES PFOT. CSTRatghunit 4 B EorphBary SRM U may

det er mi ne tihRtmmetthY 8htcf-pRAR tbR rﬁodépﬁrfef &ﬂi%o Fased . QRrdng @¥ Rl prebdtbimiatpnal ed
GPB frane flag received In the syntax at either the video slice |evel, the

vi deo frampaitenddr a gidee H@qu@n@m oTlmqgéet@r@ln@i/mttem mapdpegnatazideo fiaics on

conpensati on uni t that Lven

Che tirat b Qlutnsis Pl SuBU B RErtnE" | oY Elcts C0RB forf o n APl " e
vi deo framgudieviek dnendraimdrd GeIRbI ﬁaﬁhe rrﬂé;eberuéelgﬁatea Lk 6GPB | fRaraéldidri @e@dn
cases, notion conpensation unit 82 may determ ne that a (?I ven frame is a
GPB frame ISaé@aignURT dewingy dfisrBmespi @wods gegmally desienaed Phiarpnay GRRe.
[0173] Videg, fdecoder 30 stores the first reference picture list (list 0) 94
and the second reference picture list (list 1) 96 that contain identifiers
for identi ¢al59 éVeereticecpient wides, frase iindeteahiadd ith behenceyett ax aabPB Hearwé deo

frame | evel a me (172) e case_of hidirectional prediction,
vi deo decoéXFSQ%aItfé@gﬁéé oo 28 PoHSG %qsb@E%fe%PF s 66 ae
usi ng bi di ReetdRNakerBi@HiGhicaikt ‘(‘hstt ht) %Sffbf e (@PB'ffé&th%Qtt Qntdif eaBnbiksts B 94
and a second notion vector froml 6 (174). [0174] According to the
t echni ques iddnticdli refadérse| postures,in \aj memottecldéér S8@ejloit Ot 66y antk bstdb $8tihedufié r st

o oo RSS20 SSERE S BB BBl TR o

first notiepnhMastiRé twdidcRacHdesRaade prRME Ml AR al gryfeRas de@AcApibiutSlistynt ax
element that indicates a difference between the first notion vector and a

first noti e prdctivos] predietion edond syntax el enment that indicates an index

i 1ist 0 9 PnlEhETSCE BUG! LS QULMAL G hecfdohsh LRty Iy PLedipet or
IS generat tron conpensa |on Unl genera II’St not1 on

predi ctor ffamnd (INO bidnsh ofatR )y wldeeCetle@de@fZOtdttﬁew Ifi-@ it fevdnde @idakro ¢ist fliso0) a
notion vector of a neighboring video block identified by the secand syntax

el enent (1P6)andgisgeddetesense paurg dishidiss | x giefor thestra%thabw%eﬂ@ﬁnﬂﬁéts Phe

syntax el onngo bR R s MBS URST CHREn ARG, 21, § 28 e
not i on VECtldHntlf efs fdrepast deferdnlco glctumds adridv &istt @ 681eoﬁlar1$t 1dmmt1ﬁ@rm foeduire

(180). Mdtio ensation unit 82 may reduce or elinm nate the synta
el enents cé @HP? ITE1TPYy ﬁ’s%)c’jnet %S%@Hﬁént‘}‘?glp&&a&ﬁa “ﬁﬁﬂ oWaY/QE’FHPme Mg s

way, the sepong DL HRAEODIMRY 1R& ASRAURY bRS R AN fdig i iftBr-CIng Gor
between the first notion vector and the second notion vector. [0176] In one
or nore ex almdnastlottahpreﬂmuon i(bYYs. Efégamyblmthmysebghannpn@mnomi pradidimndwar e,

ft t th f
he Tunct i ot T bevet SR PRIC Ba VaRLH Brea: By TRes dra v op? b ©

i nstructi onshedr FEOS@mple, GAMREES T fRARBLE fé’@ﬂB%ﬁMa?Xﬁﬁéhﬂl@cbe@ért@rmed
har dwar e- based processing unit. Conputer-readable nmedia may include

conput er - r dasRarepast mfargécer@dtuaes fipmdist 8drtr espbmide athhirame adgithat expmpicum
such as dat o) i

t hat faC|IP@5f%”&ﬁﬂ%ns er O1Pﬁ4?8§£&$&%%£¢§g¥gﬁgpﬁg%¥0h§q)@%n@@%%”%%% her,
e.g., acconpiitmgliso a comruni cation protocol. In thls nanner
conputer-readable medi a generally may correspond to tanglble

conput er - r s8N %che}tca@%r ?rPe%ﬂCQ Hrenerer rgorg apdqoy '%lﬁ%liSthrt ¢ gyrrgngyvidgo frame
communi cat iygflMR! RGN A% BgREGN Fo ! whRTELEE VRYCerDBIR SrREAGE fiBdi &
may be any aviilab Ia t at can be access y one or e conputers or
one or nor rydcoeak sfarscd pictuet liste(ie 8). ndtccerdingotosthe cadhe@icans b6 thisldisalosure,
structures for inplenentation of the techniques described in this

di scl osure. A conputer program product may include a conputer-readable
medi um



54 [0177] By way of exanple, and not limtation, such conputer-readabl e
storage nedia can conprise RAM ROM EEPROM CD-ROM or other optical disk
st or age, wegoetdisssdi sk st orage, or other magnetic storagetdsweaes473il ash
menory, or any other mediumthat can be used to store desired program code
inthe formof instructions or data strygtures and that can be accessed by
a conputer. Also, any connection is properly ternmed a conputer-readabl e
medi um For exanple, if instructions are transnmtted froma website,
server, or ,of {a)%rcohﬁma%oﬁ Q48 (] Doy QARSI oRImdz @l flax Sl ARILAinE IRL ©
tw sted pair, digl subscri ber e (DSL), or wTeless technologres such
as infrar ednotmcprodlctmd direatiooviaw eacht dfethe tvideocldackisal Videdb kegodetr Bé rsogptsi ©

cabl e, tW|st alr | ess t oI01es ) as.infrared, radio,
Snd i or ouddBe aParpisrlata Pl SeaRR ot B roficReRetEor ST A pted

under st Ood,en&%e\a@r theh N@gn SO MRUL Bl r8agadld & HOsAA RRMALARG fhat ModéPr age
medi a do not include connections, carrrer waves, signals, or other

transi ent mexiiietiongditectior alqngtveléldt@ meeredeater mbrmeatiamdotesach vidgoegblptle of
storage mscéh rren% 1dangra the Rdo elpgc?l f{heé)lolcﬁlico(rggg ClorrpaCt disc (CD),

| aser di sc, op Ica glta fl oppy disk and

Blu-ray di $016W1Q%€bodveik1%nalssyﬁ{a]xyelérﬁ@ftCfﬂluth% hidich pragiotsn datdtion inblull® i scs
reproduce data optically with |asers. Conbinations of the abgve should also

be i ncl udedirgitih Orﬂnti%tes\&leﬁs@rdm%ﬁbmaéﬂ)rqdéé@amrélmrlanal [rgadzefjon is used
| nstructiong %%1851?%%%[)%@@81}(9&? 1@ hd‘%é"w%ﬂ&%%&?&ké é)l&ﬁ'r%nls@?s Q04 gf more

digital si gna processors eneral purpose m Croprocessors,
applicati omnamecmdnad: prodiegorat eBorcicachulibits ¢hASpLsncodingl ehiprivgestimabd ehd ogi ¢

arrays (FP or ther qui val e tegrated or discret i C c rcwtry
Accor di ngl ym'%ahélw tho- b Begdapr tba%e therropish g’é&}“ @%&Lﬁ %fn t he
foregoi ng ShéG U Eh e BWesAlsBE o éﬁJoH@ttl&br @yn%ekk' diahk@s f of sdiPlene 'ﬁi@@dlﬁ’@ of

t he techni ques descri bed herein. diti'on, 1n sone aspects, the
functi onal inay weyerst beédcherabi, mﬂeisehm@whmd wi t hi n dedi cat ed hardware

and/ or soft 0 ure for encodi ng and decod) or

hcor por at AOF3E 18 i et el o GOrRERAR b eEib ok dhe G P

i mpl ement edoh g @RorOdafiDEfit Odlﬁs%'s;”thé I%bmgﬂycoﬁltmpﬁﬁx E10hERL thhard the

t echni ques of %hl s di scl osure may ngll eented in a wide variety of
r

devi ces or Pa?:fplé@(htfﬁfﬁ@élce iPethgd 1ﬁg(1§0w hew oniga@id et refarﬁnwwguratleiﬂs ds r CU| t
(1C) or a setfel%

e. i nent.s ul e
units are Jl)escrl \éerl tﬁl t%eg rgfere c 1§u1)e th%r alrec%%ol }():redlctlo ?m é/cli)s 0 f

I'SCl"osure to enphasi ze tronal” as

devi ces comfidrg@ffegert @ pREa0E MHetprebabilis ltins @Kﬂ: $y@elndleess indidatcibic Ijb@éferred
necessarily require realization by different hardware 55 units. Rather, as
descri bed a®6Urace piyredist imihescanapt Hie etsrationali egicieniaod Rarf@heranplsi t or

provi ded b¥ncﬁ10%°éo'nﬁ%hka%n‘1fn 8%%{ el e RANAWRE theUlbbfd pit ¢! thd i, one or
nore processors as descri be ov In conjunction wth suitable 2ot twar e
and/ or fir rlemieat to 0 such that the probablhty of the bit being 0, i.e., indicating list 0, is 0.9999
according to the configuration data.
[0164] Video encoder 20 assigns a single bit value to the first bit of the syntax element
for the motion prediction direction for each of the video blocks to indicate that the video
block is encoded using the unidirectional prediction mode (162). Video encoder 20 then
assigns a fractional bit value to the second bit of the syntax element for the motion
prediction direction for each of the video blocks to indicate that the preferred reference
picture list used for unidirectional prediction mode (164).
[0165] FIG. 9 is a flowchart illustrating an example operation of jointly coding a first
motion vector and a second motion vector for a video block of a GPB frame encoded

using bidirectional prediction. The illustrated operation is described with reference to

both video encoder 20 from FIG. 3 and video decoder 30 from FIG. 4.



WO 2012/ 015650PCT/ US2011/ 044732 56 CLAIMS: 1. A method of codi ng video
data conpri sing: coding a video block of a video frane using one of a
uni di rectwonali2/ps@di cti on node with respect to a refererce/yscatiorgszn a
reference picture list and a bidirectional prediction node; and

coding one or nore syntax elenents indigating that the video block is coded
using the one of the unidirectional prediction node with respect to the
reference picture in the reference picture list and the bidirectional

predi ct] on (BT FiMNAFENARA HYSThAY RIATRANS nif B SRUEH WAl DIk GARARN 10

bits. thod of claim furt onprising storing a fir
refer ence pefetence td vaico ancbder £6 dooml Fﬂ@f ér édhd@ picotler 20 kdcstves Whér @i videde

first and cond.ref nce pi.cture I| are id cal .and t refere

i ctur o1t oegeage FEo TRk At onie e Ehsh St Mt GCatert ey
of the firsidnshietondpPBefifheCR)PIE kohe chics! MotieiNEstimation uiteresMyigasi ng
one or nore syntax elements conprises coding a single bit syntax el enent

i ndi cat i ng enéter 2@ gayi hte@nﬁg@r@ﬂ to det@ﬁml@@l tlwsmtﬁqptferdecttﬂnem@ie fohe video frame
unldlrectlonaI¢% dICt é%t rectlonal r edi

w thout i ndtcd S PR B LR P R T TR P BB e

prediction nﬁﬁ@ﬁ&mgn&e o]iB or idtdadc®framb@inith scquence as GPB frames. In other cases,
motion estimation unit 42 may determine whether to encode originally designated P
frames as GPB frames. The latter case may depend on whether the GPB frame is fully
or partially enabled.
[0167] When the current video frame is determined to be encoded as a GPB frame,
video encoder 20 stores a first reference picture list (list 0) 66 and a second reference
picture list (list 1) 68 for the GPB frame that contain identifiers for identical reference
pictures in a memory (172). In the case of bidirectional prediction, motion estimation
unit 42 of video encoder 20 calculates a first motion vector from list 0 66 and a second
motion vector from list 1 68 for each of one or more video blocks of the GPB frame.
Video encoder 20 then encodes the one or more video blocks of the GPB frame using
bidirectional prediction with the first motion vector from list 0 66 and the second
motion vector from list 1 68 (174).
[0168] According to the techniques of this disclosure, motion compensation unit 44
may reduce bits used to signal motion vector information for each of the video blocks
encoded using bidirectional prediction. Since list 0 66 and list 1 68 include identical
reference pictures, the first and second motion vectors are calculated from either the
same reference picture or substantially similar reference pictures. The first and second
motion vectors for a video block of a GPB frame are, therefore, highly correlated and it
is more efficient to jointly encode the two motion vectors.
[0169] Motion compensation unit 44 generates a first motion predictor for the first
motion vector of the current video block from a motion vector of a neighboring video
block from list 0 66 (176). Video encoder 20 encodes the first motion vector for the
video block relative to the first motion predictor (178). The first motion vector may be
encoded conventionally as a first syntax element defined to indicate a difference

between the first motion vector and the first motion predictor, and a second syntax



wherein coding a single bit syntax el enent conprises parsing the single bit
syntax el enent indicating that the video block is coded using the one of

t he uni diweebizansdsopr edi cti on node or the bidirectional pprageetiosdrsrrode at
a video decoder; and wherein coding a video bl ock conprises decodi ng
the video bl ock using the one of the unkgirectional prediction node with

respect to a reference picture in either of the first and second reference
picture lists and the bidirectional prediction node. 57 4. The nethod of

claim 2, whgneih e@cidng i ?igét@%qn@éx_t inSYR 036 &t £1E: emg/ei%&ig{uki%m which th&odi ng

a first bit of a syntax elenent indicating that t o block 1s coded

usi ng t he dmg modtianheedintodisrggottatdal predi cti on node and the bidirectional
prediction .and limnating.a second bit of the nt ax el ement
et nod +o PR NifE encoder 2B el ARG R SR Mol vPp! f RIS, B ona
predi ction rgRER to e ftEMOBSNOELA (18021 Mofion fcbipBfYati6® WR 1431 Mgy radieN of he

first and second reference picture lists are identical, signaling that the
vi deo framslimnaoded spstan dementalcoreantiphgly GRE) td represent ghe Ferondempoon of

glofr;)m gésm%&glir. nInSthg r\]x?alyi, ig stepo%[d r}lorheonvxifeg: o7 n];ary rgeenicosdecf‘ioacsj ?lge (?EfelraengeD etévregnrre
the first motion vector and the second motion vector. Video encoder 20 signals the
jointly coded motion vectors along with other prediction syntax for each video block of
the GPB frame to the video decoder at the block or PU level.
[0171] Second, the operation of jointly decoding the motion vectors will be described.
Video decoder 30 receives a bitstream including an encoded video frame and syntax
elements that represent coding information from a corresponding video encoder, such as
video encoder 20. Video decoder 30 may receive syntax elements at the video block or
PU level, the video slice level, the video frame level and/or the video sequence level.
Entropy decoding unit 80 of video decoder 30 entropy decodes the bitstream to generate
quantized coefficients, motion vectors, and other prediction syntax. Entropy decoding
unit 80 forwards the motion vectors and other prediction syntax to motion compensation
unit 82 of prediction unit 81.
[0172] Motion compensation unit 82 then determines that the current video frame is a
GPB frame (170). In some cases, motion compensation unit 82 may determine that a
given frame is a GPB frame based on an explicitly signaled GPB frame flag received in
the syntax at either the video slice level, the video frame level, or the video sequence
level. In other cases, motion compensation unit 82 may determine that a given frame is
a GPB frame when the first and second reference picture lists received in the syntax at
the video frame level contain identical reference pictures. In additional cases, motion
compensation unit 82 may determine that a given frame is a GPB frame based on a new
frame or slice type defined for the GPB frame.
[0173] Video decoder 30 stores the first reference picture list (list 0) 94 and the second
reference picture list (list 1) 96 that contain identifiers for identical reference pictures, as
indicated in the syntax at the video frame level, in a memory (172). In the case of

bidirectional prediction, video decoder 30 decodes one or more video blocks of the GPB



conparing the first reference picture list and the second reference picture

list at a video decoder; and determ ning that the video franme is
coded as woGPB/fi5a0e when the first reference picture |ipstr/mpaibgssecond
reference picture list are identical. 7. The method of claim5, wherein

signaling that the video frame is codedsas a GPB franme conprises signaling
a flag indicating that the video frane 1s coded as a GPB frane at one of a

video slice level, a video frane level or a video sequence level. 8. The
met hod of ¢l @ldMiging WiFcelidhad | HORLGRIwWERAE R EnYHAHE Pedib2IBm! BstGP98hndS, & CPB
frame conprises c&%lng the video franme as one of a G°B slice, a P slice

wi th a GPBstdoad maionayeBos fiooelistiltde 376PB flag. 9. The nethod of claim5,
further co | sing si.gnalin fla .ipdicate that, th B.fra i,S

enabl ed at BT RaEBgh fefuton & Bisi Rt s B doine 5 vl Eaags 1o
The net hod g fifsk @hdsdeondl WidtidAIvee@MPIdedith desddRIth®gido Tbldcks of @fceGRPBGRan Ct ur e
list and a second reference picture |ist, wherein the reference picture

| i st used fescdtarethanyetiax eleticotsatcqyasditdhe vdcorbldsk oo bl ieseds Thegisf mptied one

of the first .and second reference pjcture |ists; and rej.n.codi ng
the one or \RHPE eyt e e aranyeniamy PR otk bR clomeps NI FURNECE

t he synt ax deffapmet isstwidiethel fivsBmeodibhl & catss a@d adirbomoaph §s&idtol, Aad Siyscaxd
el enents indicating that the video block is coded using the unidirectional
predi cti on SH@e clgicht thatindicates gnangestia dish@® 84 of atrefeeenpe Pickie Hiogt whickdhe

reference pj,GtynRyl blsetdlc?&n}g réeﬁgﬁtédeSﬁottigﬁ‘r&ohl\ﬁgn@ti[)ﬁ unit 82 generates the first
motion predictor for the first motion vector of the current video block from a motion
vector of a neighboring video block identified by the second syntax element (176).
Video decoder 30 decodes the first motion vector for the video block relative to the first
motion predictor based on the first syntax element (178).
[0175] Video decoder 30 then decodes the second motion vector for the video block
relative to the first motion vector (180). Motion compensation unit 82 may reduce or
eliminate the syntax elements conventionally used to decode the second motion vector.
In this way, the second motion vector may be decoded based on the difference between
the first motion vector and the second motion vector.
[0176] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over, as one or more instructions or code,
a computer-readable medium and executed by a hardware-based processing unit.
Computer-readable media may include computer-readable storage media, which
corresponds to a tangible medium such as data storage media, or communication media
including any medium that facilitates transfer of a computer program from one place to
another, e.g., according to a communication protocol. In this manner, computer-
readable media generally may correspond to (1) tangible computer-readable storage
media which is non-transitory or (2) a communication medium such as a signal or
carrier wave. Data storage media may be any available media that can be accessed by
one or more computers or one or more processors to retrieve instructions, code and/or
data structures for implementation of the techniques described in this disclosure. A

computer program product may include a computer-readable medium.



11. The method of claim 10, wherein coding the one or nore syntax

el ements conpri ses decodi ng the val ue assigned to represent the syntax

el enent s wodbatisesg t hat the video bl ock is coded usi ngpChassenil@ii478ct i ona
predi ction node with respect to the reference picture in the preferred
reference picture list at a video decodgg; and wherein coding a video
bl ock conprises decoding the video bl ock using the unidirectional

predi ction node with respect to the reference picture in the preferred

reference RyPIATER Whebf exdple, BRI AGL MARatRn, S BrifhiteREIBINBSSE FUHY a
ent 't Bx el f f

val ue to repres e syntax el ements conprises referring to configuration
data t hat bhasespaseRANBHROM; FEPREM t Gle-RYMt enotedrexpeintlsliskrntioragd, endgnetic

Cymt ax ol et eaebals Reai phisber b orareh e By e st 157

The met hod cgh behgddMoldtore WRSIFRI progaRl &en tie foRMWT ihQrucBRhLSedtta ithRultbgher
probability syntax elenents indicating that the video block is coded using

t he uni di r esd itbatadangreedficessedbynpdempitety Adopeny comndctien iepwpenydepicdtare in
the preferred refer e pigture List conprises;. .. assi gni. single

bi t val ue <5TPHSHERREC Pty ©her SrarpIRY Iy Tbtructionsn s RArRUHR S At ¢ ne
vi deo Dbl ockyvdbsits; @el&@r, s ioftgr rlRotd BoGlick @6inGNeax il eghle t fin optiel eablanslisted
assigning a fractional bit value to represent a second bit_ of the syntax

el enent i ndPEadighy whsariber Eng(1d$le) b i iickpes fashralogiet sushes|iplpred sradigeang or

Ege uni di r%i‘élio%ﬂig, ereﬁqh%.tc.b%aln&%?e, m&:’ro%iti@ c%Qf%, b REL! &?ﬁlDﬁ} oY @litkRss

rrprlseslesst an one bit.
technologies such as infrared, radio, and microwave are included in the definition of
medium. It should be understood, however, that computer-readable storage media and
data storage media do not include connections, carrier waves, signals, or other transient
media, but are instead directed to non-transient, tangible storage media. Disk and disc,
as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and Blu-ray disc, where disks usually reproduce data magnetically,
while discs reproduce data optically with lasers. Combinations of the above should also
be included within the scope of computer-readable media.
[0178] Instructions may be executed by one or more processors, such as one or more
digital signal processors (DSPs), general purpose microprocessors, application specific
integrated circuits (ASICs), field programmable logic arrays (FPGAs), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated hardware and/or
software modules configured for encoding and decoding, or incorporated in a combined
codec. Also, the techniques could be fully implemented in one or more circuits or logic
elements.
[0179] The techniques of this disclosure may be implemented in a wide variety of
devices or apparatuses, including a wireless handset, an integrated circuit (IC) or a set of
ICs (e.g., a chip set). Various components, modules, or units are described in this
disclosure to emphasize functional aspects of devices configured to perform the

disclosed techniques, but do not necessarily require realization by different hardware



14. The method of claim 10, wherein assigning a value to represent the
syntax el enents conprises adaptively linking a single bit binarization to

t he synt avoebermasdss i ndi cating that the video block is ectag2usiongst he
unidirectional prediction node with respect to the reference picture in the
preferred reference picture list. 15. The nethod of claim 14, wherein
adaptively linking a single-bit binarization to the syntax el enents
conprises signaling the adaptive binarization at one of a prediction unit
level, a C%ﬂitg'gRHfPl'ef: al %‘é&hbe@ alyd\%ega scu?utk ?ﬁ’a?rl be G&MWiRRCInTd 8MRc he¥&lare OF @
vi deo sequence | evel : ded co device conprising: a nmenory that
st ores decwdﬁ@rmeﬁedﬂhmeapMkmUOEanmmdpmanveh%@wmbcmssondnhagooodesma:V|deo

bl ock of a video fra i.ng one of ni di.rec nal redi ian node with
Peopect. 1 o PSR eEserRolret i hah Srfbetial sp bt eh Tk fa Ve

bi di rectional prediction node, and codes one or nore syntax elenents

i ndicating that the video block is coded using the one of the
unidirectional prediction node with respect to the reference picture in the
reference picture list and the bidirectional prediction node, wherein the
syntax el enents are coded using less than two bits. 60 17. The video
codi ng device of claim 16, wherein the processor: wherei n the nenory
stores a first reference picture list and a second reference picture |ist,
wherein the first and second reference picture lists are identical and the
reference picture list used for the unidirectional prediction node
conprises either of the first and second reference picture lists; and



wherein the processor codes a single bit syntax elenent indicating that the
vi deo bl ock is coded using the one of the unidirectional prediction node
and t he bwoioeatisesnal predi cti on node, wi thout indicati rgTiUseomaei€sEnce
picture list used for the unidirectional prediction node. 18. The video
codi ng device of claim 17, wherein the ¥pdeo coding device conprises a

vi deo decodi ng device, wherein the processor: parses the single bit
syntax el enent indicating that the video block is coded using the one of
the unidirectional prediction node oicpt hpyRi directional prediction node;
and decodes the video block using the one of the unidirectional
prediction node with respect to a reference picture in either of the first

and second .referenc icture lists and the bidirectional prediction node.
19. The vi deo céﬁFﬁgmﬁééf n%F“%P?@ﬁFf??”ﬁﬁgrein the processor codes a

first bit of a Ydhax edRBREk éMNiga frive LEIAE ohdSf ¥idtaRedioasikrt@caed
using the one of the unidirectional prediction node and the bidirectional

predi ct i on naskgeyitharedpast fod reiarencegigfaisond roficrened pichiee Ystrand» bediegrtinnaldef i ned
to indicaternp k%efefgan picture list used for the unidirectional
predictionpﬁ% €. & e video codi ng device of claim17, wherein, when

the first and seedind ohebermeRCcEnpixClldhentd indicatidg that theRidcodlocktineodudocessor
signals that the video franme is coded as a generalized P/B gFPB) frane. 61
21. The vi denedbripnapides idiregtionplyrpdioion ppde with respectyp egcesdich§icdEdi ce

conpri ses g, W 4eR e ‘F'J%PS li ‘ﬁidgﬁ‘? P}iﬁﬂ&t%ﬁ%&%@i}g;ﬁ@fm%ﬂ&%?&ﬁ HRoIRALes the
first reference pi cture l1st an € secona refterence picture lrst, and
det er m nes ctdnaintd dre cvdedasigrlasyaharstwoddesd as a GPB franme when the first
reference picture list and the second reference picture list are identical.

2. The method of claim 1, further comprising storing a first reference picture list

and a second reference picture list, wherein the first and second reference picture lists

are identical and the reference picture list used for the unidirectional prediction mode

comprises either of the first and second reference picture lists; and

wherein coding one or more syntax elements comprises coding a single bit
syntax element indicating that the video block is coded using the one of the

unidirectional prediction mode and the bidirectional prediction mode, without indicating

the reference picture list used for the unidirectional prediction mode.

3. The method of claim 2,

wherein coding a single bit syntax element comprises parsing the single bit
syntax element indicating that the video block is coded using the one of the
unidirectional prediction mode or the bidirectional prediction mode at a video decoder;
and

wherein coding a video block comprises decoding the video block using the one
of the unidirectional prediction mode with respect to a reference picture in either of the

first and second reference picture lists and the bidirectional prediction mode.



22. The video codi ng device of claim 20, wherein the processor signals a
flag indicating that the video frame is coded as a GPB frane at one of a

vi deo sl iwe 2bemakesoa video franme | evel or a video sequemrce/usemelos47323. The
vi deo codi ng device of claim 20, wherein the processor codes the video
frame as one of a GPB slice, a P slice wth a GPB flag, or a B slice with a
GPB flag to indicate that the video frane is coded as a GPB frane. 24. The
vi deo codi ng device of claim 20, wherein the processor signals a flag to

i ndi cate that t%e%’e@h&{z gf'llfaihlsz,‘%v iﬁ@o%h%g@glgféfbiﬁsyﬁitéie&erfl&ﬁ%gmbﬁy&l or a

vi deo sequence | evel. . The 'video codi vi ce "of clalim 16,
wher ei n t he nenwpyingtdirstiditoffa syataxrebfneent mekecaping that éhel video tdnck i codabnd

reference picture |i wherein the reference pjcture |list used for the
Uni di v ect 1 GiE T oA SehoHM B BUrIiSt Fogs R Bifisriosl PRAGUPRY st and
second ref gigpRcadi cture lists; and wherein the processor assigns a

val ue to represent the syntax el enents, wherein a val ue assigned to
represent the syhmanetakarseenns tinefithasyniex ¢elpmentideingd wandiphto the tekerensded
using the unitdrierhegtsiegrtlarl hgr e@%rcétio%gl nrnglectiv%t% respect to a reference
picture i n P{Tie pl’se‘fle PR SFEEHR pl?g ur'e fnlg?‘ conprises less than two
bits. 62 26. The video codi ng device of claim25, wherein the video
codi ng device conprises a video decodi ng device, wherein the processor:
5. The method of claim 2, further comprising, when the first and second reference
picture lists are identical, signaling that the video frame is coded as a generalized P/B

(GPB) frame.

6. The method of claim 5, wherein signaling that the video frame is coded as a
GPB frame comprises:

comparing the first reference picture list and the second reference picture list at a
video decoder; and

determining that the video frame is coded as a GPB frame when the first

reference picture list and the second reference picture list are identical.

7. The method of claim 5, wherein signaling that the video frame is coded as a
GPB frame comprises signaling a flag indicating that the video frame is coded as a GPB

frame at one of a video slice level, a video frame level or a video sequence level.

8. The method of claim 5, wherein signaling that the video frame is coded as a
GPB frame comprises coding the video frame as one of a GPB slice, a P slice with a

GPB flag, or a B slice with a GPB flag.

9. The method of claim 5, further comprising signaling a flag to indicate that the

GPB frame is enabled at one of a video frame level or a video sequence level.



decodes the value assigned to represent the syntax el enents indicating that
the video block is coded using the unidirectional prediction node with
respect twotoe/mnsdser ence picture in the preferred referegraspiabwrs|ist;
and decodes the video block using the unidirectional prediction node
Wi th respect to the reference picture inthe preferred reference picture
list. 27. The video codi ng device of claim25, wherein the processor
assigns a value to represent the syntax elenents by referring to

confi guratiign datR idiala 8 Asks1 FuREARBRIDHIRY JofRk ol SXRAIRY pRIGERE S
indicate the preferred reference pictur ISt to be higher tﬁan a

pr obabi | i t ynd hatcandecfsyentapiceire henwheicmdthe atfercacapintupy ket @sedefdr thef er ence
picture list. . 28. The vi.deo codi ng .devi ce.of claim 27, wherein.the

b ocessor  seidisiona! DRAIROR §1oEE 5P BOENS AINEHrG RS PRSI 657089t ax

el enents i neliefatbd p@ndrbaltstdg@ vi deo block is coded using the unidirectional
prediction node with respect to the reference picture in the preferred
reference pi ct umdckdigcodyg the one or gwse gynitargelementn gdraphscs agagnieg & galvepr esent
a first bi tre qj et gtn)é gll Sk st | nrd{ncaat iln astlh %Ed %ohree P/ei gn?%lebsl (1)1Fal>(( e?esrnec sded
using the Offl i T ect POnaf SrealtWi%ﬁ fode:” Ui pa§5|gnlﬁg 4 973t ona
bit val ue tifdicgppesalic Adsebloodisotdedfisihdthesminti@sti®latpRdictionthoRtwing t hat
the preferred reference picture list is used for the unidirectional

predi ct i on '#BPaE, to welernae piskire et PEteiredyictergnee pictes dist fayisceless tBn one
bit. 29. {@ﬁbﬁgdeo codi ng device of claim 25, wherein the processor
assigns a value to represent the syntax el enents by adaptively linking a
single bit binarization to the syntax elenents indicating that the video
bl ock is caoded ing th ni.di rectional prediction node with respect to the
reference dictuﬁiﬁé%@Qé;¢#%Fb(¥ed reference picture list. 30. The video
codi ng devi ce ofyiftah P @R HNEE Gk hokDGMECAESSAL csh PRk Hcbdin ARaRb ke

bi nari zation at one of a prediction unit level, a coding unit level, a

vi deo sl i cesdigned|tp represedetbe Syrdaeclemeris indeatmgvhad dlee wdepieincleisicoded using

the unidirectional prediction mode with respect to the reference picture in the preferred
reference picture list at a video decoder; and

wherein coding a video block comprises decoding the video block using the
unidirectional prediction mode with respect to the reference picture in the preferred

reference picture list.

12. The method of claim 10, wherein assigning a value to represent the syntax
elements comprises referring to configuration data that biases a probability that the
syntax elements indicate the preferred reference picture list to be higher than a

probability that the syntax elements indicate a non-preferred reference picture list.



63 31. A video coding device conprising: means for coding a video

bl ock of a video frame using one of a unidirectional prediction node with
respect twoaorxfisssence picture in a reference picture | ipstr/BdEl1844732

bi directional prediction node; and means for coding one or nore
syntax el enments indicating that the vidge block is coded using the one of
the unidirectional prediction node with respect to the reference picture in
the reference picture list and the bidirectional prediction node, wherein

the syntax gl e”ﬁ%?n&l‘i&i Gdgh }Qs'vﬂl%relu?%lgtnlﬂ*%”a TR Rk ese?@the-'iﬁ@le‘f' deo

codi ng device of claim31, tfur her conprisi ans for storing a
first refempesimbilpy syn]aweelblmsmts anhlcaamg dload i \néefoebledcs cpilet unime thest, wherein

the first and.seco renc ure ar e i dent i cal. and._th

of er ence BRCIRFEOTY BiedisBRn Hege SHH Tebior B ar e Tt b g
conpri ses @b%ﬂﬁbep&uﬁ@ﬁg&bﬁﬁﬁmapd second reference picture lists; and
means for coding a single bit syntax elenent indicating that the video

bl ock is coded @SSlgigng hem@béalbfalw@ rgpricing e dirst il apyeidk etoment mddetiadid t he
er ednce pl cture

bi d |
ot Cenu” T eREAEE SRS wathd (R AL piMdickigf nlEINGE POk e

device of cl ai ma@ﬁgnm\%elfﬁbﬂbﬂam&t\(fhlﬁi@@o EPEisBIY atRVoRIELICOMRAE bfiftsx elcmbmieo
decodi ng device, furt conpri si ng nmeans for parsing the single bit
syntax el enidisatingdhatahs prgfarisduelersacey pighue bistar kseidorBasnidiseiigat ne one of

;23 uni di r 664 AN mBdE nbletPihe TR bl BE1RIHbAEL 108 arPdR)iCt T On mode;

14.  The method of claim 10, wherein assigning a value to represent the syntax
elements comprises adaptively linking a single bit binarization to the syntax elements
indicating that the video block is coded using the unidirectional prediction mode with

respect to the reference picture in the preferred reference picture list.

15.  The method of claim 14, wherein adaptively linking a single-bit binarization to
the syntax elements comprises signaling the adaptive binarization at one of a prediction
unit level, a coding unit level, a video slice level, a video frame level, or a video

sequence level.

16. A video coding device comprising:

a memory that stores decoded reference pictures; and

a processor that codes a video block of a video frame using one of a
unidirectional prediction mode with respect to a reference picture in a reference picture
list and a bidirectional prediction mode, and codes one or more syntax elements
indicating that the video block is coded using the one of the unidirectional prediction
mode with respect to the reference picture in the reference picture list and the
bidirectional prediction mode, wherein the syntax elements are coded using less than

two bits.



means for decoding the video bl ock using the one of the unidirectional
prediction node with respect to a reference picture in either of the first
and secomstorefxrnsesoce picture lists and the bidirectionalpcpnsdiatias2 node.
64 34. The video coding device of claim 32, further conprising: means
for coding a first bit of a syntax el engpt indicating that the video bl ock
is coded using the one of the unidirectional prediction node and the

bi directional prediction node; and means for elimnating a second bit
of the syntgx e'ﬁ%ﬂ«meoc&%mng%fceoraqinq%,ewﬁé?anrtﬁé bEAGE: Pi cture |ist used
for the unidirectional prediction node. 35. The Vvideo codi ng device of

cl ai m 32, furt hevhcoompreimémgry stdrena fibse rdfencste @ntirslest endla sefosd esfeenpsd ct ur e

lists are identical, neans for signaling that.the video fra is, coded as a
gener al | zed S FEETy i o33 sCaig Ol Bistin g 66 e BT ey 3T
further conpfeticBicture list USBRRY tAOni Sk QibRE pReditticht mb&f Rn@REes Sttt Uf el | St
and a second referencejglcture list, wherein the reference picture |ist

used for t Hestanddeqoadreiorsare pichd¢ bsth;omdnode conprises a preferred one of

the first and s %v%%?gn Ktheefpergcee@scoer Bh&! ausril?glle Ibls[ts%;lta){(jl Ié‘f%rnent indicating that the video

block is coded using the one of the unidirectional prediction mode and the bidirectional
prediction mode, without indicating the reference picture list used for the unidirectional

prediction mode.

18.  The video coding device of claim 17, wherein the video coding device comprises
a video decoding device, wherein the processor:

parses the single bit syntax element indicating that the video block is coded
using the one of the unidirectional prediction mode or the bidirectional prediction mode;
and

decodes the video block using the one of the unidirectional prediction mode with
respect to a reference picture in either of the first and second reference picture lists and

the bidirectional prediction mode.

19.  The video coding device of claim 17, wherein the processor codes a first bit of a
syntax element indicating that the video block is coded using the one of the
unidirectional prediction mode and the bidirectional prediction mode, and eliminates a
second bit of the syntax element defined to indicate the reference picture list used for

the unidirectional prediction mode.

20. The video coding device of claim 17, wherein, when the first and second
reference picture lists are identical, the processor signals that the video frame is coded

as a generalized P/B (GPB) frame.



means for assigning a value to represent the syntax el enents, wherein a
val ue assigned to represent the syntax elenents indicating that the video
bl ock i s wodert/uusésng t he unidirectional prediction nbdepertus26i@spest to a
reference picture in the preferred reference picture list conprises |ess
than two bits. 37. The video coding deygice of claim36, wherein the video
codi ng device conprises a video decodi ng device, further conprising:

means for decoding the value assigned to represent the syntax el enents

i ndi catingothat 1ia&;,d88inBl RE#e bB GRS Wb tﬁ@ﬁdé’@béﬁiﬁ?ﬁédi%ﬂl rises
prediction node wth respect to the reference picture in e prefé}red

ref erence pivdaprdecobdisg devng and whermpaths praressbe compargs thedinvti rdfeocniot pokurasi ng

the unidirectional prediction node with r ect to the.reference picture in
the pret er TRLERNEFBRER FIPETH BORRS L. i o i Rl BhRnG ool b o
claim36, WErEianc-RehdiBRO first Rifer@s&d ©BuRTIiR aN@idQeddhd rBRFGTE PlctirB BstSy Nt ax
el ements conprises neans for referring to configuration data that biases a

probabi | i t yre amticehe syntax el ements indicate the preferred reference
picture list to be higher than a probability that the syntax el enents
indicate a non-preferred reference picture list. 39. The video coding

devi ce of ohai MG .vidbabheaing dehiec BEaain ROy wigsingd processyadigitald Dflfepr esent
the syntax elenments conprises neans for adaptively linking a single bit

bi nari zat i épdigasingrlatdhgyidso Bpwaintosicd ayn OFB figme pbanctie Wiwedicnlaekai s
coded “Si”Qm&%qhﬁ&iQL@%&BR%E%&F@%%QQE%%P” node with respect to the

reference picture 1n the pre reference picture list. 40. A
conput er -r eadabl e storage medi um conprising instructions for codi ng video
data that, on_execution.in a prqQcessqQr, cause the processor to;

2gp T%e V?(PGO coglng dev1cg 0(1‘) clalsrn 86, Whergln the processor codes the V(l)deo

frame as one of a GPB slice, a P slice with a GPB flag, or a B slice with a GPB flag to

indicate that the video frame is coded as a GPB frame.

24.  The video coding device of claim 20, wherein the processor signals a flag to
indicate that the GPB frame is enabled at one of a video frame level or a video sequence

level.

25.  The video coding device of claim 16,

wherein the memory stores a first reference picture list and a second reference
picture list, wherein the reference picture list used for the unidirectional prediction mode
comprises a preferred one of the first and second reference picture lists; and

wherein the processor assigns a value to represent the syntax elements, wherein
a value assigned to represent the syntax elements indicating that the video block is
coded using the unidirectional prediction mode with respect to a reference picture in the

preferred reference picture list comprises less than two bits.



code a video block of a video frame using one of a unidirectional
prediction node with respect to a reference picture in a reference picture
i st and wohkbmnessbi onal prediction node; and codeCuus2@n/omrBe synt ax
el ements indicating that the video block is coded using the one of the

uni directional prediction node with resggct to the reference picture in the
reference picture list and the bidirectional prediction node, wherein the
syntax el enents are coded using less than two bits. 41. The

conput er - r egdablig.Si LA g‘%%bfég’oﬁgﬂaﬂﬂ@s C\f/h&élﬁ'tﬂré 5'19@0 ESHih DGV GO REDY

instructions that cause th rocessor : tore a first reference

pi cture |i stvideodicaodieg dedce, efterende poctssare Ilst mhereln t he first and
second referenc ists are identi and t fere ure | i st
PO Rt Mt A R iRt L s s S A A S

and second vi @b EIKGS cHd@tudlif} thé Shidire@ddal predictiGiPABd@wth rﬂ@p@ct% ttheS ynt ax
el ement indicating that the video block i's coded using the one of the

uni di r ect i oefarenpe pigiuee ingthe prsderretng farenscipiaincdist; iandhal predlctlon node,
mnthput_lndlcath4gg%h Rﬁaeﬁﬁoag%éﬁﬁﬁyﬁﬁuﬁééﬁrwfg¥%uﬂgnnﬁ@ﬁ dlrec{%ona

prediction node rea of

claim 41, \ﬁﬂi‘@feﬂrﬂldeﬁﬁctuﬂéiﬁMbgirbﬁﬂ‘édee'fbl@ﬁcdﬁletum’messor to: parse the
single bit syntax el enent icating that the video block is coded using

the one of the unidirectional prediction node or the bidirectional

predi ction jpode 3f, V?de%icgﬁﬂlg%gﬁg%f 'claﬁﬁ'%, wherein the processor assigns a value to

represent the syntax elements by referring to configuration data that biases a probability
that the syntax elements indicate the preferred reference picture list to be higher than a

probability that the syntax elements indicate a non-preferred reference picture list.

28.  The video coding device of claim 27, wherein the processor assigns a value to
represent the higher probability syntax elements indicating that the video block is coded
using the unidirectional prediction mode with respect to the reference picture in the
preferred reference picture list by:

assigning a single bit value to represent a first bit of a syntax element indicating
that the video block is coded using the unidirectional prediction mode; and

assigning a fractional bit value to represent a second bit of the syntax element
indicating that the preferred reference picture list is used for the unidirectional

prediction mode, wherein the fractional bit value comprises less than one bit.

29.  The video coding device of claim 25, wherein the processor assigns a value to
represent the syntax elements by adaptively linking a single bit binarization to the
syntax elements indicating that the video block is coded using the unidirectional
prediction mode with respect to the reference picture in the preferred reference picture

list.

30.  The video coding device of claim 29, wherein the processor signals the adaptive
binarization at one of a prediction unit level, a coding unit level, a video slice level, a

video frame level, or a video sequence level.



decode the video bl ock using the one of the unidirectional prediction node
Wth respect to a reference picture in either of the first and second

r ef er encewpiz2eiunsssbi sts and the bidirectional predictiorcrudeo11/044332 The
conput er -r eadabl e storage nmedi um nmet hod of claim4l, wherein the

i nstructions cause the processor to: 6 code a first bit of a syntax

el ement indicating that the video block Is coded using the one of the

uni directional prediction node and the bidirectional prediction node; and
elimnate a second bit of the syntax element defined to indicate the
reference picture list used for the unidirectional prediction node. 44.
The conput éid- r edduidee coding dgecareoprsinget hod of claim 41, further

conprising, when the.first and,second ref.erence pi.cture |ists. are

denti cal , i nst MR BHSOTMER ‘oo yidertiane Bigs Sgts MR vi deo
frame i's couembtam modONeh Alshaet PrBerrREicilifle: refelice Plieurs BuPdar - r eadabl e
st orage nedi um net hod of claim40, further conprising instructions that

cause the pidrestiewnl pragiction modesamgt e a first reference picture list and a

second referenc?nﬁ%g(%rg Ji%%e ¥h9£§§§hég%<ﬂ£§ﬂ§&§Pcﬁ re.li sed for
preglgpgon fode cahprises a prefe

I,C
t he unidirectiona ??g@}oﬁéqé?ﬁé%%nfirst
and second co@ddeistiiCthie ph€ bEhe uhldsteStioraNrediction NS ivgth @speat taehéd eférefpdeesent
the syntax el enments, wherein a value assigned to represent the syntax

el enent s i miftestn Hy reference Reetwe dsornd) the Ridirgctiongbpredistioymede whreintlect i onal
prediction s?’r‘&%e%eﬁtsra‘?épo?féﬁ.utsl gq‘?srs%a%rt%co?ttspi cture in the preferred
re

reference pictu I'st conprise ess than two bits.

32.  The video coding device of claim 31, further comprising;:

means for storing a first reference picture list and a second reference picture list,
wherein the first and second reference picture lists are identical and the reference picture
list used for the unidirectional prediction mode comprises either of the first and second
reference picture lists; and

means for coding a single bit syntax element indicating that the video block is
coded using the one of the unidirectional prediction mode and the bidirectional
prediction mode, without indicating the reference picture list used for the unidirectional

prediction mode.

33.  The video coding device of claim 32, wherein the video coding device comprises
a video decoding device, further comprising:

means for parsing the single bit syntax element indicating that the video block is
coded using the one of the unidirectional prediction mode or the bidirectional prediction
mode; and

means for decoding the video block using the one of the unidirectional
prediction mode with respect to a reference picture in either of the first and second

reference picture lists and the bidirectional prediction mode.



67 46. The conputer-readabl e storage nedi um net hod of clai m45, wherein
the instructions cause the processor to: decode the val ue assigned to
r epr esentwphei2sypdsax el enents indicating that the vi deopbiraskolisseeted
using the unidirectional prediction node with respect to the reference
picture in the preferred reference pictyje list at a video decoder; and
decode the video block using the unidirectional prediction node with
respect to the reference picture in the preferred reference picture |ist.

47. The conput erpyl Q%gﬁ%gggﬁggfgﬁgﬁgghﬂﬁhgqgﬁggm&%ain145, wherei n the

instructions cause the proCessor to assign a va t0 represent the syntax
el enent s by ref enqann{pricodingnffirginaef asynthatedenndmaindiatise shaa thprotabblbek 3 t hat

the syntax el ements_ indicate th referred .referenc i.cture list to be
i gher 1 harfode BROTRBF Pt G P Eh Gy hpERict B e %0 Hi Rt Hon- pr ef or r ed
reference pr&tittod thédt and 48. The conputer-readabl e storage nedi um net hod of
cl ai m 45, wherein the instructions cause the processor to assign a value to
represent the symaaxfalcimemtingsceriulfii efdhy syntarkélemgent defingd @ indicate the
bi nari zati QL ete(r)lcé hlec %é(ﬂtt%,)é (ﬁ%rtrl?entnsdiir (X 1i ﬁat iren ct%ohat o&ehe vi deo bl ock is
coded using e uﬂlgﬁre%tl nal pr%d|6%|8n fode” Wt h respect to the
reference picture in the preferred reference picture |ist.

35. The video coding device of claim 32, further comprising, when the first and

second reference picture lists are identical, means for signaling that the video frame is

coded as a generalized P/B (GPB) frame.

36.  The video coding device of claim 31, further comprising;:

means for storing a first reference picture list and a second reference picture list,
wherein the reference picture list used for the unidirectional prediction mode comprises
a preferred one of the first and second reference picture lists; and

means for assigning a value to represent the syntax elements, wherein a value
assigned to represent the syntax elements indicating that the video block is coded using
the unidirectional prediction mode with respect to a reference picture in the preferred

reference picture list comprises less than two bits.

37.  The video coding device of claim 36, wherein the video coding device comprises
a video decoding device, further comprising:

means for decoding the value assigned to represent the syntax elements
indicating that the video block is coded using the unidirectional prediction mode with
respect to the reference picture in the preferred reference picture list; and

means for decoding the video block using the unidirectional prediction mode

with respect to the reference picture in the preferred reference picture list.
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38.  The video coding device of claim 36, wherein the means for assigning a value to
represent the syntax elements comprises means for referring to configuration data that
biases a probability that the syntax elements indicate the preferred reference picture list
to be higher than a probability that the syntax elements indicate a non-preferred

reference picture list.

39.  The video coding device of claim 36, wherein the means for assigning a value to
represent the syntax elements comprises means for adaptively linking a single bit
binarization to the syntax elements indicating that the video block is coded using the
unidirectional prediction mode with respect to the reference picture in the preferred

reference picture list.

40. A computer-readable storage medium comprising instructions for coding video
data that, upon execution in a processor, cause the processor to:

code a video block of a video frame using one of a unidirectional prediction
mode with respect to a reference picture in a reference picture list and a bidirectional
prediction mode; and

code one or more syntax elements indicating that the video block is coded using
the one of the unidirectional prediction mode with respect to the reference picture in the
reference picture list and the bidirectional prediction mode, wherein the syntax elements

are coded using less than two bits.

41.  The computer-readable storage medium method of claim 40, further comprising
instructions that cause the processor to:

store a first reference picture list and a second reference picture list, wherein the
first and second reference picture lists are identical and the reference picture list used
for the unidirectional prediction mode comprises either of the first and second reference
picture lists; and

code a single bit syntax element indicating that the video block is coded using
the one of the unidirectional prediction mode and the bidirectional prediction mode,

without indicating the reference picture list used for the unidirectional prediction mode.
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42. The computer-readable storage medium method of claim 41, wherein the
instructions cause the processor to:

parse the single bit syntax element indicating that the video block is coded using
the one of the unidirectional prediction mode or the bidirectional prediction mode at a
video decoder; and

decode the video block using the one of the unidirectional prediction mode with
respect to a reference picture in either of the first and second reference picture lists and

the bidirectional prediction mode.

43.  The computer-readable storage medium method of claim 41, wherein the
instructions cause the processor to:
code a first bit of a syntax element indicating that the video block is coded using
the one of the unidirectional prediction mode and the bidirectional prediction mode; and
eliminate a second bit of the syntax element defined to indicate the reference

picture list used for the unidirectional prediction mode.

44.  The computer-readable storage medium method of claim 41, further comprising,
when the first and second reference picture lists are identical, instructions that cause the

processor to signal that the video frame is coded as a generalized P/B (GPB) frame.

45.  The computer-readable storage medium method of claim 40, further comprising
instructions that cause the processor to:

store a first reference picture list and a second reference picture list, wherein the
reference picture list used for the unidirectional prediction mode comprises a preferred
one of the first and second reference picture lists; and

assign a value to represent the syntax elements, wherein a value assigned to
represent the syntax elements indicating that the video block is coded using the
unidirectional prediction mode with respect to a reference picture in the preferred

reference picture list comprises less than two bits.
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46.  The computer-readable storage medium method of claim 45, wherein the
instructions cause the processor to:

decode the value assigned to represent the syntax elements indicating that the
video block is coded using the unidirectional prediction mode with respect to the
reference picture in the preferred reference picture list at a video decoder; and

decode the video block using the unidirectional prediction mode with respect to

the reference picture in the preferred reference picture list.

47.  The computer-readable storage medium method of claim 45, wherein the
instructions cause the processor to assign a value to represent the syntax elements by
referring to configuration data that biases a probability that the syntax elements indicate
the preferred reference picture list to be higher than a probability that the syntax

elements indicate a non-preferred reference picture list.

48.  The computer-readable storage medium method of claim 45, wherein the
instructions cause the processor to assign a value to represent the syntax elements by
adaptively linking a single bit binarization to the syntax elements indicating that the
video block is coded using the unidirectional prediction mode with respect to the

reference picture in the preferred reference picture list.



