METHOD AND APPARATUS FOR PARSI NG ERROR ROBUSTNESS OF TEMPORAL MOTI ON
VECTOR PREDI CTI ON CROSS REFERENCE TO RELATED APPLI CATI ONS 5[ 0001] The
present iwoentzon4el ains priority to U S. Provisional PaCemN2dzgli7oaati on,
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in recent gears techni que exploits the statistic redundancy anong
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system robustness agai nst parsing error, 15particularly associated with
tenmporal MVP, due to error in the bi tstream SUMVARY [ 0004] A nmet hod and
apparatus for deriving a notilgaCHMEAbIEdELDr (MP) for an W of a
current block in Inter, Merge, or Skip node are disclosed. The MP is

sel ected from M/P candi dates conprising one or nore spatial MP candi dates
20 associ at edogihh_ enepRke TR fGE HARA! fonGad A, 3RDaRREIP hdlcSerk SPOr
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deriving an MP fao
temporal motlon vector prediction.

BACKGROUND

[0003] In video coding systems, spatial and temporal redundancy is exploited
25  using spatial and temporal prediction to reduce the information to be transmitted. The

spatial and temporal prediction utilizes decoded pixels from the same picture (Intra)



an W of a current block in Inter, Merge, or Skip node conprise:

determ ni ng whether said one or nore tenporal MVP candi dates are di sabl ed
accor di ngvoaoe/®rag 25 in a video bitstream deriving tireTNWR0t2ASED90N said
one or nore spati al MVP candidates if the flag indicated that said one or

nore tenpo MP candi dates are dis bIe eriving.the WP based, on said
one or Plef Leberencs) PIRAVESS (LB dstPastiv g?m RRdicen F%ﬁ@rrfgwa‘%éﬁo
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candi dat es are enabl ed and provi gl ng the MVP for the current block. 30 In

anot her efebggiratgmedictidremap hiyadtof ber Uh@mltt«tdm‘rhl@ewﬂhtaémelp sofmedwndwidthi ng a

f d MVP wh | MVP. i nd th |
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candi dates are enabled as indicated by the f gget anot her enbodi ment,
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nmpari ng curre
det er m nedidddyRosting Hn aébewvymb UEh@fMHPQEﬁiﬂl@mSéx)plcdﬁttﬁé Riafietit MdEEnda[neg})OS] One
aspect of the present invention addresses various_schenes to |ncorporate

the fl ag ampRe fm%gowwa@ framy ﬁélggé%fwn@@%maﬂabl gidyce-lpeafed bdeks i ce
| evel fi |
eve. e g%ﬁlgl)ﬁl) ng‘llgﬂ ﬁ!:l%ﬁ)c ?1 er t e teEVt? Fn{ﬁv}’aﬁ MVTPOC Baﬂ\ﬂegje nmor e

fl eX| ont’r ol I ng P candi dates are
di sabl ed @erindiugal tooivecthse dduend bﬁglemay &[csmevbe anrmtorantthe/bnlﬁreianenhajaas ed on

codi ng paraneters. | EF DESCRI PTI | DRA 0006 lustrates
nei ghbor i FRYSBISHRIRX :fﬁ%“%s poednied Wil 8kteEIBH‘TaiY\y é\{ﬁl\ﬁt o'oY P%rseg{ d{élrdF&)n ng
spatial/t @ﬁm@% hay B iRPVRICER MR B4hQD ‘Pﬁ’é}gfog@tlﬁ 1sf @é’suhﬂteecf) dépéi@p
according 15 to High ficient Video Codi ng Test del Version 3.

(HM 3. 0) . efr@0QTdtEEtepn zsclildnlleustpranB®Vﬂes3qtﬂnorn0hgstb¢seckgaamsd p@smgcaltreld bl ock

configuration for der.ivin atia or prediction
cand St arpgruady s Sy RebRL MEEBRET PP KRR ent Vi deo codi ng
Test Model Version 3.0 (HM3.0). [0008]Fig. 3 illustrates an exenplary
syntax design at the sequence |evel 20 according to an enbodi ment of the
present invention. [0009]Fig. 4 DYMMARSs an exenpl ary syntax design at
slice |l evel according to an enbodi nent of the present invention. DETAILED
DESCRI PTI ON

[0004] A method and apparatus for deriving a motion vector predictor (MVP) for

an MV of a current block in Inter, Merge, or Skip mode are disclosed. The MVP is
selected from MVP candidates comprising one or more spatial MVP candidates
20  associated with one or more neighboring blocks and one or more temporal MVP
candidates associated with one or more co-located blocks. In one embodiment
according to the present invention, the method and apparatus for deriving an MVP for
an MV of a current block in Inter, Merge, or Skip mode comprise: determining
whether said one or more temporal MVP candidates are disabled according to a flag
25 in a video bitstream; deriving the MVP based on said one or more spatial MVP
candidates if the flag indicated that said one or more temporal MVP candidates are
disabled; deriving the MVP based on said one or more spatial MVP candidates and
said one or more temporal MVP candidates if the flag indicated that said one or more
temporal MVP candidates are enabled and providing the MVP for the current block.
30  In another embodiment, the method further comprises a step of determining a forced
temporal MVP when a temporal MVP is not available and the temporal MVP
candidates are enabled as indicated by the flag, wherein the forced temporal MVP is



[ 0010] Hi gh-Efficiency Video Coding (HEVC) is a new international video 25
codi ng standard that is being devel oped by the Joint Coll aborative Team on
Vi deo CodwQo(20@THYC). HEVC is based on the hybrid bl oclkechase2/070619

not i on- conpensat ed DCT-1i ke transform coding architecture. The basic unit

for conpression, med caqdi Nx2N square b and each
CU can be"t%¥cliy é@l@eciem*@ q}e P ¢ %ﬁ%@ﬂ%maﬁ% s &repﬁgﬂiﬁ?ff &d
m ni mum sizg.ate3 Byede hed. @&Qn&%}eﬁé}ﬁ'&&lﬁrﬂéntoﬂh% &I fu%éltdo%'fls% gdption

units (PUs). The PU sizes ctcan be 2Nx2N, 2NxN, Nx2N, and 0011] HEVC
adopt s t hef Mipinedhvibgsed spatidl mehedse MHWE rctodvaingffrémcth@NBybm‘edmpatiadm vect or

di wh th ti tjt d sch ' lied
Lo sebect ranaeimon IR HaRr R PRURE dop bR B SRSt E et o
S MVPs;  ThaudWPacandhtiati@es@hed MVRIGEEH SPRIV ahlud i at @BR6LAY dM¢REined

Furthernore, there are three inter-prediction nodes including Inter, Skip,
and I\/brgeMYlPthe HEVC Test Model Version 3.0 (HW3.0). The Inter mode

per f or s n- e h
Franam ¢t GO  QBoRaigh dh FE bt 1o BaRsh "GN B Y e s
can be usamotpogat hier flug.t MThMBg ey derinvie rquueﬁcb 19 el gidtotesle(d¥Mg)slicdhe Ski p

and Merge nodes utilize inference nmethods to obtain the notion_information,
where W iegeleqmltlﬁ 8 flaepravyDlse ba wet & mvbivlaievelie gnidsenerst ’&ydflaed from

spatighly (&Sh r S
(Complt o) QR AT GaRLRe B AL el SREbEM RS ALl TR By S RL S
picture i &"ht ﬂeg fnay sitsorbefimpboide dprieddurased on todihg farametersst 1, V\/m chis
signaled in the slice header in 15 HW3.0. Wien a PU is coded in either
Skip or Merge node, no notion information is transmtted except for the
i ndex of the sel ect e@RpRE PDRISC RIPTBENCOFEDREAW UGS PU, the residual
signal is also omtted. [0012] For the Inter node in HW 3.0, the advanced
notion vector prediction (AWP) schene is used to select a notion vector

predi ctor ()%)'68 g tfqghe ! eifrgtgs fia %oqgl%eoléﬁcta n&)l Bgétgcgb o C?F@Llr%od\%? s and

oneterrpo al erenc ure in ex I'S exp ICi ransmtted to
t he decodéenwﬂ'g]q)aIWPten@otdhmtmelvectbeﬁrearmng ciiBdaafdild@t emodetcdooding gi ven
reference picture index. The neighboring spatial blocks and co-I|ocated

t enpotl m%@ksEfﬁg@atY@eagpé%%?ﬁétMaﬁah plan P IMrRUshown in Fig. 1. The
M/P candi o8 SetFl\l}voz 11fu@§atl:§‘h§§hl§8?91§ B8k M Dok Ated YRR chbiRoRiadd B 25 MVPs

and one tenpor al pat i predictor (the first aval | abl e one
from Ao adeividg ,sp@ial/foppeplatioabn preeti giredictidrhearidida¢ fav dkipabhd Mergef r om Bo,

Bl and Bl1l+ and. 3. redi ct.or. e fir aval from TBR
ond Tery o0k RS0 el Biks LPlns g bed vihiah s RNER or et
| ocated i peagP0 a9gl acahrdaRl Cinuéﬁemlylfﬁl%zr Qyhthe &Rrchoseted s@cﬁ&fhé@ Qeved the
first reference picture in list O or li'st”1. Since the bl ock where a

t enpo?@l M¢gPrdisg foouedrekbdymgntiedviee pragenpyentowe from i st 0 and the ot her

fromlist he IWPlsdrlvedfr mthe M from or list 1
accordi ng[ogoépi he ﬁfl%nngfﬁsﬁatesrﬁ & %rﬁesyth fal ngr?%lécseelquﬁgcoéulrn QO flnpl cture
i's choseneﬁlb@(ﬁmenamhy\g}egQﬁZﬂ‘QQﬁaﬁQPCT/ CI\12012/ 070619 2.1f both MVs cross

the current picture or both do not cross the current

DETAILED DESCRIPTION

[0010] High-Efficiency Video Coding (HEVC) is a new international video
25  coding standard that is being developed by the Joint Collaborative Team on Video
Coding (JCT-VC). HEVC is based on the hybrid block-based motion-compensated
DCT-like transform coding architecture. The basic unit for compression, termed
coding unit (CU), is a 2Nx2N square block, and each CU can be recursively split into
four smaller CUs until a predefined minimum size is reached. Each CU contains one

30  or multiple prediction units (PUs). The PU sizes can be 2Nx2N, 2NxN, Nx2N, and



picture, the one with the same reference list as the current list wll be
chosen. [0014]In HM 3.0, if a block is encoded as Skip or Merge node, an
MP i ndexwoosi/gnabed to i ndicate which MP anpong the MPPTEaNdi2da0@9set i s
used for the block to 5 be nerged. The Merge node reduces required bitrate
by sharinﬁ, tion information, where each nmerged PU reuses the MW,
predictio irrection, and reference picture index of the selected candi date

of a reSpﬁﬁ)tl'l]/e t}lI]QV& addptsHe3Mp tREniy ﬁé 85 RGB! BE WoRieNEgXichsy dfways set
to the first reference picture if the se ected WP is a terrporal MVP. The

candi dat engpn ofcti/Palifigrvhere tigkinptiamdedier genpetides (MW ukeed fdgmesipat i al 10
M/Ps and

t | MP h in Fi 1. Left. t di.ct
Uany. 5 el FARRER qriihe & eeretrigtetoh vy T shone L B RS 7 ot
avai | apl enpyps, f TRIVINBR cadifidate TR inclftdesApauS- ddoBinpSRE M Ps. PFedihGore, ( BO) |,
and 155. Bel ow-| eft spatial predictor 0). In H#3.0, zero MW/ is added to

t he candi Hateearsdhreqieter-pisdicapdinpdee incadingelnterf 8kipeand Merge iarthe SEYC or

Merge m)dg’gset &Qg&é]@eertsf% . mgﬁﬂ/l-%.oﬁ nAle W r IR P H%Ts'\{l}{gug 9813?3} fegSt can

be made b on a er nce-criterion i on

opti m zat pmﬂlcﬁaﬁ)@hdme d&ﬂioﬁﬁﬁfbrinﬁﬂ@d&ﬁﬁsi‘ﬁittbdl 1d-|Ms3c1ateﬁamtli h&)tl@ﬁ&@dwf to
select one final MVP within a given candidate set of MWPs faor Inter, Skip,

or Merge %@@CG&MVP@H Hée MY Dssan b used Eeribar withaVMEs 4p dfAVFE EIPEHAR t he
candi gt e, 56 \ﬁsz' e¢hed ﬂ}M%d' Qﬁgésﬂéi&i J@Qé ?ﬁf&eﬁéé RHIRY tPEbt éfﬂethéama as a

preV|oust se ect one. |nce MWP 1n t e I ntermedi ate stage
i s the sanmetias idfhema®inesthed Maf cregpalitb MyEsMWD widl ro MV DPpr dhe MVIR 25

chance for better. candi.dat e ccordin t.he redundant MVP is
oo | FBnb ARt aragusly féiahormemiodks na A tafiEss epls i o
predi ctor bﬁo@k@&érﬁﬂorﬁf Omute ? E’éoate%rlﬁ a]c%lﬂaézﬂtecﬂ?ﬁét&@ The c§- %B%te%%nétﬁl% ikeft

spatial predictor selected from Ao and fromthe top spatia
pr edi ct or theefersheedereeatupidant imhet ot listob wiapbvesignAéd ar the flicadicadavbni s

g.ei gi eangr%srq h@g‘ g&’et Qg%e%elhgﬁ@%%w&k@ﬁ%g@%cgcm rl%%\ﬁ‘il Iolénq?t%'logl T enpor al
MVP i ncl udggniifled BcepftftithiaiiRies OF sheofeldMdscadidafeNIh ANE cx0 dif AKSIEH PLS ency,
?Paﬁ;gor &grgsgﬁgg%Lﬂwygsg%ﬁnégfse decoding artifacts to last for nultiple
[0012] For the Inter mode in HM-3.0, the advanced motion vector prediction
(AMVP) scheme is used to select a motion vector predictor among the AMVP
20  candidate set including two spatial MVPs and one temporal MVP. The reference
picture index is explicitly transmitted to the decoder. The MVP is then selected
among the candidate set for a given reference picture index. The neighboring spatial
blocks and co-located temporal blocks used to determine candidate MVPs are shown
in Fig. 1. The MVP candidate set for the Inter mode in HM-3.0 includes two spatial
25  MVPs and one temporal MVP:
1. Left spatial predictor (the first available one from Ag and A,),
2. Top spatial predictor (the first available one from By, B; and B,.,), and
3. Temporal predictor (the first available one from Tgr and Terr).
[0013] The temporal predictor is derived from a block (Tgg or Terr) located in a
30  co-located picture, where the co-located picture is the first reference picture in list 0 or
list 1. Since the block where a temporal MVP is located may have two MVs: one
from list O and the other from list 1, the temporal MVP is derived from the MV from

list O or list 1 according to the following rule:

1. The MV that crosses the current picture is chosen first; and
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When errors occur in the bitstream the tenporal MVP may not be correctly
recovered. For exanple, if the MWV of a previous picture cannot be decoded
correct!| ywoaormyenabch bet ween the candi date set on the entadenidizaaand t he
decoder side may occur. The mismatch will result in parsing error of the

i ndex of the best ndi date. Accor.di ngl the rest of the current
picture may rot éwgr@a cEops HecyrEr PB?th?e‘?r P EUPUFEPHORESUTERE s par si ng
error Wl Licaff qfd owﬁﬁ@ﬁées@ﬁle B € Aded dRd &frféﬁq?ﬁs@vﬂl%%h@éeﬁo al | ow

t enpor al P candi dates. Therefore, one snmall decoding error of an W may
cause par Hiid] fallhtHM F.@rif ablackps @@d@b@qﬂemor Mecgaumede, ap(MYB]lndﬁxas der to

conpress t.he r t he dat soci.ated with oded

i cture. 1 IRET Romfishis ot MIFR mgng B M EP SREhEE Sedh bRedt bk M RkiEa ot s on
dat a s or geher AU Cithe WeigVARAL ,reMRSs ﬁé@lﬁﬁé&gltﬂa& WI}%HQF oA riffoRgatich, t he 10
MDSR net hod, data of one block in an MDSR unit will be used as the

r epr esent ¥hPigecavly menged FoF rauses tiet Me IVBERIeilirectiphe and/refaieacy sictuse her

bl ocks i nlntdQQ oM‘B% el\éncéehc rfdicgdtg 8?%%%&6&1%%{]}%5@ ?Hﬁ\/f—?).l(!)?ﬁ}%.’rlsﬁepe%cﬁé{c%{re
propagati on issue associated W tempor a error’sti

nment i onedirglax lis @lwayaneeto tvefysrefdfen pibrrd #cibestlesicd MWRYis GakaBotal par si ng
error in successive pictures. 15 Consequentllﬁ the decoder may renmpve an

MP i st abEVry Theeandiate set pMiVReRE theasiRdidoMecas dnodss fnaludep 3k spatitbved. | n
order 4o I by incorrect W data, a robust
codi ngé met dsdanhrb%l g%@%glgl\s/l%ﬁ% Sg?%];ﬁ)%g&g?%rmw ng redundant M/Ps.

Furt hernore, 1t he Iprdtrsspamgprﬁhctstmls)s solution needs to force the tenporal

MVP to be avajla he i ssue of error propagation associ ated
20 with terrpgr P@\P"Elﬁ’(’i‘“d{mgg@%nﬁ’fl ci ng much codi ng efficiency,

enbodi nent s @ccor@nqg)r519>réd?aop(tﬁéﬁﬂt a\l'anl‘éﬁl@tdn@@romﬁlzoéfﬁi Bk),ag to

sel ectively disable the tenporal P. Several schenes to achieve error

robust parsi g fo%bwdm@ﬁepadllabpﬂedlsm (Bm, il s application. [0017]1n one

enbodj prent agcor to.th e vention, a flag is used to 25

det er i ne V\h?he(rjée?%ﬁﬁ ?ﬁ%ﬁﬁ E&l(é tes are disabled. If the flag

i ndi cat edid AM-3tcepporMlv 1W8d&fiﬁdh§1@£1ﬁﬁda@é cetditealtathndidae JWReiisfedledi ved

based on spatial MP candidates only. If the flag indicated that tenporal
M/P candi dalngs, Jrip. addeigedodehe MP i s derived based on spatl al MP

candi dat e an t i ng
error rob soteiggssﬁﬂ%% Irnﬁhltnggf 1r g&n\g&aﬁgonrgetgunl\g%g%nﬁik{%? Wﬁ?%dg
conpar i ngbishe dﬂépaﬁm&ntﬁcﬁkhppe@w@xm’ﬁpk tdnedd&ﬁ@debpmizhumo(mb@nove an
MVP ni st akenly, or keep a redundant MVP that shoul d have been renpoved.

Fur t he} nofeEisiphe 3depigddahiMe § fprtﬂi*reergc@aferéﬁé%lectpcrr@t finob VoY P #ithinea givgller to
control t =10] t ral he r

pi cture, ngn S a‘?écé@t Vgﬂ!g/tn\y;t)sogorf gegr ?’gg)oc(gtl\e/ls eefrlrlg%érsa Uli/ll?/%gdﬁﬁg:\& ;gl%t?her eis
no need t deteieialngfaofinal Wﬁdmgttmdajatd\aw asﬂetm:@dtM&lPenanenuanndzcﬁztpor al MP

candi dat es. ther hand, i.f he t enpor al
o bar eaSge P b1 B e A0 Srediondy Sue IR AAE sHHE eyl s B e
t enpor al M{é%n{ealakees@g/@isltﬁ@kﬁné gga{edéefe%&deﬁ&%reeﬁ dbBendiaRRPiAinpMAR @an be

derived froma reference block in a co-located picture or not, unless the 5

r ef er éhceclisinge o1 & betiers My Pmlmndmcyrd@igly hide gedundesit Wﬁnnsctemoefed For
exanpl e, even.,if the bl ock.in.t C ocat ture.is an Intr bI ock, the
par si ng rgrB Célgdlg?:tﬁeaﬁea %?@IM%M@O sextaﬂlé) % éﬁ%ﬁrpaqpawlyrg%lc & ® @8 ?abl ein
order to pobRVBYIB, hd BASEndyhed tHehamerdend Jesesatinl grediefor sélkEad fidin Bhe
reference block in the co-located picture is |ost or wong. \Wen the step

of renovi Al PedubltraM VR deam dhe mwsre?@ébptﬁdwgort becpmey dedyadag agniydk Peon i s
ski pped, {he ng '{x@&r r!’fﬁ%l m‘gﬁ “@%&n%& MR Xx CJ}Oé?ée?eﬁé%te%kﬁvPvﬁ he step of

removi ng redun o pertorm ste renmovi ng redundant
spati 30 I\/L{Eo@mmécdinrtge bosteeadefor shmcnaérhoﬁﬁanhfgemetsblaated OMYRr Wiglet the W

val ues. Exanpl es of the nan- MW-caonpari son based deci sion nmethod may i ncl ude

renovi ng RS Y Pingdadag) in fhecandidateassts bV P rBVImHRYO YRGS ICIRS Wi t hi n
the same 15.NOSR (e%ﬁ;okﬁ MY Rayp EQJS@%C&&%%&Q&E &MY fcﬁﬂqul\f‘l'gfehfr&rﬂgs. same

ref erence i ndex, renovi ng redundant Ps caused [0018] A
defaul t t &ipor aﬂroﬂWR;cus uohthasbigstreem thWy/, tempyralbd\/lm’é’emaas nothéefrmrmedy

recovered. For example, if the MV of a previous picture cannot be decoded correctly,
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tenporal MVP in the forced tenporal MVP case. In order to operate the

codi ng system properly, the decoder should be configured to use the sane
defaul t twoporalo729 MVP as the encoder in the forced temrpora20iPo@aase. The
use of the flag to disall ow terrpor al WP may be dependent on coding
paraneters. [For exanple a current slice can find their respective
Por Locat e mtach bomees e gmelidied re Can Ba eafadenior and He %9 5@&&%@% cture.
It all the.ge- | prah@dhalh G&a Qbult h&‘ pakbid. fe&tmls bf (t‘l‘f‘e HRx | srstbasse Mye flag
for the current slice should be selected to disable the tenmporal MWP. 25
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di sabl e the tenporal [ 0019] I n anot her embodi nent accor di ng to the

pr esent |M/‘émawﬁusetméﬂ@fﬂdﬂreaf@rpwbué«z:@u%m@eh@ﬁ@r%r par si ng robust ness
|rrpI|C|tI iv tr e | i al MP
i the enft B8] seanahic 8 sehPrr et RtmpRCu M RE dhlek it P b RS
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val ues is skipped so that the decoder will not renove an MVP.m st akenly, or

keep a r eHGHeATEI AN agkiedhicsing UV Hav &ap adapted i VM- 3.Orn écgording @athf ous” way's

R R/l[?]éf?( g%bd’ eM&iatd 39 OnEOBloSl%‘a}HpAne MDER A} Qilepd QR cPfasttﬂﬁ Intra
perl od or t structure can be signaled at sequence [evel so that the
flag can tnspresamthum MY detarfov 8 catird Nﬁ)SRemnnlerThmM&f datd foutthedniakikagnt he

control flag sljce.o ' nano r exanple, when the slice
ronder i StRyMIRIR SR piseaete ARsb MRSk o o016 SR osisriiamassves
co-| ocat ersgélﬁtteHrvﬁthV‘t’ehl oftl WRYB cR6r aiBichaRlse A@tmérﬁ{%ng@&ﬁﬂglr af kfBneddoder this

assunption, if the co-lfocated picture/slice is an Intra picture/slice, the
control fl\/h‘g carnthpedatetier mdﬁea:haarccmrsdl agbarsing dirgabih esuchesstve npotues. MVP.

O herw se, the sin ust ness sol uti ar.c he tenporal P to be
avai | bt PR PETE AR ARRRER bR oRmiRe e’ BUF Rl ForofieR °f Bowbinee o ock
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tenporal MVP_is not used. However, the coding efficiency may be noticeably
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10 since the tenporal MVP is not used for the reference pictures. Only a
non-reference picture my still use tenporal MP candi dates and may cause
par si ng ewoan1zp9opagat i on. However, the parsing error i RCRGN2PI2003061pi Ct ur e
will be termnated at reference pictures. Since tenporal MP candidates are

|y di sabl ed |1 th
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Table 2 |}dn@t§;ﬁﬁga{teg§ndahieM\q&waﬁ§dﬁg/rthge enbodi nent where terrporal M/P
candi dates are only disabled (or disallowed) for reference pictures. The
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HE- RA
system properly, the decoder should be configured to use the same default temporal

20  MVP as the encoder in the forced temporal MVP case. The use of the flag to disallow
temporal MVP may be dependent on coding parameters. For example, PUs in a
current slice can find their respective co-located PUs in one or more co-located slices
in the co-located picture. If all the co-located slices of the current slice are I-slices,
the flag for the current slice should be selected to disable the temporal MVP.

25  Otherwise, the flag can be transmitted to enable the temporal MVP. An Intra picture
can also be determined based on Intra period or Group of Picture (GOP) structure.
When the reference picture is an Intra picture, the flag for the slices associated with
the Intra-picture should be selected to disable the temporal MVP.

[0019] In another embodiment according to the present invention, the error

30  protection scheme for parsing robustness implicitly derives a flag to control the
availability of the temporal MVP in the entire sequence, picture, or slice. Similar to
the previous embodiment, the step of removing redundant spatial MVP by comparing
the MV values is skipped so that the decoder will not remove an MVP mistakenly, or

keep a redundant MVP which should have been removed. There are various ways to
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implicitly derive the flag. For example, the information of the Intra period or the
GOP structure can be signaled at sequence level so that the flag can be implicitly
derived at the decoder side without sending the control flag for each slice or picture.
In another example, when the slice header is highly protected, the information in the
5  slice header of co-located picture will always be available at the decoder side. Under
this assumption, if the co-located picture/slice is an Intra picture/slice, the control flag
can be determined accordingly to disable the temporal MVP. Otherwise, the parsing
robustness solution forces the temporal MVP to be available regardless whether the
MVP can be derived from a reference block in a co-located picture or not unless the
10 reference block is outside the boundary of the co-located picture.
[0020] While the neighboring/co-located block configuration shown in Fig. 1 and
Fig. 2 are used as exemplary spatial/temporal MVP candidates for Inter and
Skip/Merge modes respectively, other block configurations for spatial/temporal MVP
candidates may also be used to practice the present invention. Furthermore, while the
15  MVP selection procedure based on spatial/temporal MVP candidates are described
above for Inter and Skip/Merge modes, other MVP selection procedure may also be
used to practice the present invention.
[0021] When a flag is used to indicate whether temporal MVP is allowed, the flag
may be incorporated in the bitstream corresponding to various levels. An exemplary
20  syntax design to support the flag for enabling control of temporal MVP is disclosed in
the JCTVC-D126 publication by the inventors (“Syntax for AMVP Parsing Error
Control”, by Jian-Liang Lin, et al., Joint Collaborative Team on Video Coding (JCT-
VC) of ITU-T SG16 WP3 and ISO/IEC JTC1/SC29/WG11, 4th Meeting: Daegu, KR,
20-28 January, 2011, Document: JCTVC-D126). Fig. 3 illustrates an example of
25 syntax design as described in the JCTVC-D126 publication, where only syntax
elements related to the temporal MVP enabling control are shown. A first flag,
temporal_mvp_candidates_not_used, is transmitted in the sequence parameter set
(SPS) to indicate whether temporal MVP candidates for the entire sequence are
disabled (or disallowed). When the first flag is enabled, i.e.,
30 temporal_mvp_candidates_not_used has a value of 1, only spatial MVP is allowed.
Therefore, parsing error will not propagate from frame to frame since the temporal
MVP is not used. However, the coding efficiency may be noticeably decreased. In
order to reduce the degradation in coding efficiency, a second flag,

temporal_mvp_candidates_not_used_in_ref_pic, may be transmitted in the SPS to
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disallow temporal MVP candidates for reference pictures when the first flag is
disabled. When the second flag is enabled, i.e.,
temporal_mvp_candidates_not_used_in_ref_pic has a value of 1, temporal MVP
candidates will only be disabled (or disallowed) for reference pictures instead of all
pictures in the sequence. Therefore, the second flag provides a trade-off between the
parsing error resilience and the coding efficiency. When
temporal_mvp_candidates_not_used equals to 1, the value of
temporal_mvp_candidates_not_used_in_ref_pic is set to 1. When the second flag
is enabled, parsing error will not propagate from prior pictures to the reference picture
since the temporal MVP is not used for the reference pictures. Only a non-reference
picture may still use temporal MVP candidates and may cause parsing error
propagation. However, the parsing error in any prior picture will be terminated at
reference pictures. Since temporal MVP candidates are only disabled (or disallowed)
for the reference pictures, the coding efficiency will be improved over the case that
temporal MVP candidates are disabled (or disallowed) for the entire sequence.

[0022] A third flag, temporal_mvp_candidates_not_used_in_slice, is
transmitted in the slice header to disallow temporal MVP candidates for the current
slice when both the first flag and the second flag are disabled as shown in Fig. 4. The
third flag can provide fine granularity of trade-off between parsing error resilience
and coding efficiency since the decision of whether to disallow temporal MVP
candidates or not is made on the slice level. When the third flag is enabled for a slice,
parsing error will not propagate from a slice in a prior picture to the slice since the
parsing error in any prior slice will be terminated by the current slice.

[0023] The coding efficiency, encoding time and decoding timing for
embodiments of the present invention are compared with these of a conventional
approach where temporal MVP candidates are always allowed. The comparisons are
conducted for coding systems with different configurations, including High-
Efficiency Random-Access (HE-RA) and Low-Complexity Random-Access (LC-
RA). The difference in coding efficiency is represented in BD-Rate for Y, U and V
components, where a positive BD-Rate means increased bitrate compared with the
conventional approach. Class A through Class E are different test sequence sets used
for the performance comparison. Results for the embodiment that disallows temporal
MVP candidates for all pictures in the sequence are shown in Table 1. The average

degradation over all Classes in coding efficiency for YUV components and various
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system configurations is from 1.2% to 1.7%. Table 2 illustrates the results for the
embodiment where temporal MVP candidates are only disabled (or disallowed) for
reference pictures. The average degradation over all Classes in coding efficiency for

YUYV color components and various system configurations is from 0.6% to 0.7%.

rate V BD-

Table 1.
HE-RA LC-RA
YBD- | UBD- | VBD- | YBD- | UBD- | VBD-
rate rate rate rate rate rate
Class A 1.3 0.8 1.1 1.6 1.3 1.7
Class B 2.1 1.4 1.4 1.9 0.7 1.0
Class C 1.4 14 1.4 1.3 1.4 1.3
Class D 1.7 1.8 1.7 1.7 1.4 1.5
Class E
All 1.7 1.3 1.4 1.6 1.2 14
Enc Time[ %] 95% 97%
Dec
Time[%] 98% 97%
Table 2.
HE-RA LC-RA
YBD- | UBD- | VBD- | YBD- | UBD- | VBD-
rate rate rate rate rate rate
Class A 0.5 0.3 0.6 0.6 0.7 1.0
Class B 1.0 0.7 0.7 0.9 04 0.7
Class C 0.5 0.5 0.4 0.3 0.5 0.3
Class D 0.7 0.9 0.8 0.7 0.7 0.8
Class E
All 0.7 0.6 0.6 0.6 0.6 0.7
Enc Time[%] 97% 98%
Dec Time[ %] 99% 98%

[0024]

The exemplary syntax design in Fig. 3 and Fig. 4 illustrates three flags to

control whether to allow temporal MVP candidates for the sequence, the reference
pictures and slices respectively. Any flag or any combination of the flags may be
used to practice the present invention. While embodiments of the present invention
control whether to allow temporal MVP candidates for the sequence, the reference
pictures or slices, the present invention may also be practiced using other arrangement
for disallowing temporal MVP candidates. For example, temporal MVP candidates
may be disabled (or disallowed) periodically. Accordingly, temporal MVP candidates

may be disabled (or disallowed) for every fourth, eighth or sixteenth picture. For

10
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another example, temporal MVP candidates may be disabled in multiple successive
pictures. Accordingly, temporal MVP candidates may be disabled in two successive
pictures or four successive pictures. In one embodiment, the number of successive
pictures may be the number of reference pictures in the reference list.

5 [0025] Embodiment of MVP derivation according to the present invention as
described above may be implemented in various hardware, software codes, or a
combination of both. For example, an embodiment of the present invention can be a
circuit integrated into a video compression chip or program codes integrated into
video compression software to perform the processing described herein. An

10 embodiment of the present invention may also be program codes to be executed on a
Digital Signal Processor (DSP) to perform the processing described herein. The
invention may also involve a number of functions to be performed by a computer
processor, a digital signal processor, a microprocessor, or field programmable gate
array (FPGA). These processors can be configured to perform particular tasks

15  according to the invention, by executing machine-readable software code or firmware
code that defines the particular methods embodied by the invention. The software
code or firmware codes may be developed in different programming languages and
different format or style. The software code may also be compiled for different target
platform. However, different code formats, styles and languages of software codes

20  and other means of configuring code to perform the tasks in accordance with the
invention will not depart from the spirit and scope of the invention.

[0026] The invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described examples are to be
considered in all respects only as illustrative and not restrictive. The scope of the

25 invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of

the claims are to be embraced within their scope.
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[ 0024] The exenplary syntax design in Fig. 3 and Fig. 4 illustrates three
flags to worbralo7mbhet her to all ow tenporal MP candi dat @esTiaN201280E@qUENCe,
the reference pictures and slices respectively. Any flag or any conbination
of the flags may be 10 used to practice the present invention. Wile

enbodi nents of the present invention control whether to allow tenporal WP
candi dates for the sequence, the ré&fleAéNt® pictures or slices, the present

i nvention ma I r ce | l.sal.]l ow ng

t enpor al M\/Pylc': g&n%fgtc}ilgﬁ eog.d%gltcv)irn%eggI g{ré%log ,gve?%%%%dg‘{&mg%gg E%rl %Iglioégh?r‘%loge

di sabl ed (MWV)dadif aaulremesipckpar incat] ®Rldey or Skipancde)@ihyrein erepdival is Woecteandi dat es
15may be disabled (or disallowed) for every fourth, eighth or sixteenth

pi cture. HOM YhOR rardidalepapritipdness & Mee wakdi Matfe saiisrtseaipdattiied in

nul tipde GUECERSHY Mokl GLihESin oLk dLADbYe o}%ﬂ&grt@ﬁl%)m? Mepdidatigss my be

di sabled in two successive pictures or four successive pictures. In one

enbodi nentssotihed mithbar cwineecedasioddlpikst the ewthmalcobmrising: nunber of
reference pi %tetl“flzgr?usnirilgn wthgt err %z];ig roengcoer rlni)rset temporal MVP candidates are disabled
according to a flag in a video bitstream;
deriving the MVP based on said one or more spatial MVP candidates if the flag
10 indicated that said one or more temporal MVP candidates are disabled;
deriving the MVP based on said one or more spatial MVP candidates and said
one or more temporal MVP candidates if the flag indicated that said one or more
temporal MVP candidates are enabled; and
providing the MVP for the current block.

15 2. The method of Claim 1 further comprising a step of determining a forced
temporal MVP when a temporal MVP is not available if the temporal MVP candidates
are enabled as indicated by the flag, wherein the forced temporal MVP is used in said
deriving the MVP if the temporal MVP candidates are enabled as indicated by the flag.

3. The method of Claim 1 further comprising a step of skipping MV-based

20  spatial redundant MVP removal, wherein the MV-based spatial redundant MVP
removal determines a spatial redundant MVP by comparing an MV value of a
currently determined MVP with an MV value of a previously determined MVP.

4. The method of Claim 1, a condition that the temporal MVP is not available
excludes the temporal MVP pointing to a reference block outside a current slice or a

25  current picture.

5. The method of Claim 1, the flag is in a sequence level, wherein the flag is used
to disable the temporal MVP candidates for an entire sequence.

6. The method of Claim 1, the flag is in a sequence level, wherein the flag is used
to disable the temporal MVP candidates for all reference pictures in an entire

30  sequence.

7. The method of Claim 6, wherein a second flag exists in a picture level or a
slice level, and wherein the second flag is used to disable the temporal MVP

candidates for the picture or the slice respective.
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5[ 0025] Enbodi nent of MP derivation according to the present invention as
descri bed above nmay be inplenented in various hardware, software codes, or
a conbi navpan120@7aot h. For exanpl e, an enbodi nent of theCpraeero7ogiyenti on
can be a circuit integrated into a video conpression chip or program codes

integrated intg video co oftwareto ormthe ocessi ng
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program C%%‘tﬁ@th@@erﬁ%&ﬁlw&ﬂdﬁa&%rtﬁlengféﬂ%rfr ocessor (DSP) to perform
the processing described herein. The invention nay also involve a nunber of
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-
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and diffe T f (o) c ed for
oo o U R PR e B S U R R b PR o0
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performthe tasks in accordance with the invention will not depart fromthe
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epat 14 b dandamr et Chuar B horEPh BBk CBTE S SHORuBMHG BFocks and
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bl ocks, the nmethod conpri sing: determ ni ng whet her said one or nore
tenporal MVP l6aHliapparaiys £pe deniiwiap|2emosee dicgionpredictar {Mag)i fer & vioden
bitstrea e t.i al M/P
candi dat gléeclt?r l\ﬁg) f F lu{IJS él camelbﬁfe?geﬁéﬂ glogg Wg‘%rgﬂferg}pl\g?gl Is
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spatial MVP candi dates and said _one or nore tenporal MP candidates if the
flag thdi eseedtefligith O8F ProRereopeighfosing hipdsatndeee ehmredearoal M¥Rabl ed;

and provi E’éﬂ?l%afté’é%sé\%ﬁtécﬁhtﬁ Bfe GURb&Mo- 1'8!:299&( lodR2t Aan@ﬁpﬁﬁIs%ﬂl W%] aim1
further conprising a step of determning a orce or al en
t enporal MP msnnber devaidizibg evhiethet haidtarpomadre MRpaahM \dateslidate zmaabl ed as

i ndi cated b wh relnt forced tenmporal MVP is used in said
deri vi ng fiﬁ%blﬁﬁtl}ﬁclof(?&%@%ﬁ%@raa‘fl fAPSUEAY dates are enabl ed as indicated by

the flag. means for d&%ﬂﬁ%@w\/pfba@dadﬂ@aid bk Mﬁbrecsq)laﬁml MWVPOaddRhRep of

ski ppi ng W-based 20 spatial redundant MVP renoval, wherein the M-based
spati &t rédmtamindirdrtearsvidionder e irewoal HbuP icandielaseiave disabikaip by
comparing an det ermi ned ue of a
v ous 'y datapy firafriipsiné VBN SRR LS P SMaRT on
that the tempedahe Whorst r@\MWaiah@ld@eé@ lifude F1ak hBdit &8P @iadkailMRe @i Nti ng
to a reference bl ock outsi a current slice or a 25current picture. 5.
The met holost tCGPQI%MVPFN@“M@gMP§n4br1ﬁdaa§‘équence | evel , wherein the flag is
used to disa i an entire sequence.

6. The net hogllle%lng %Gfé)l&(?\nn@?&%e%aﬁ??%ﬁ%%%?%é‘%ence | evel , wherein the flag
is usgd to dilgateapphatuk e;frpjd:anﬁﬂ 16\Mﬁhemuﬂmpiﬁﬁ@sméms fat dietcﬁﬁﬁﬁmgmcfercad ctures
in an entire 30seguence. he. net hod of Cl aim6, wherein a second
flag exi sfeénﬂoﬁalé\4§Pé’fh?Pél tF‘é‘P%‘lal MV aisdiof awilaglgdf theé?{aP%IeMé’ Frapdidaggcond

flag is U§1%¢En591e&“a§ﬁﬁﬁc%tédhfly e r@her%ﬁh&%@é@@h‘?@raﬁ QhvE Reu Gl Wig or the

slice respective hod of daim1l ag is1n a picture
| evel , whdermgiing tﬁeé\/IVIPagtheSemlscafdl MY Ritagpdblates titvecniablep @s aidchtﬂa athdifldat es f or
an entire pi cture.
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9. The method of Cdaim8, wherein the picture is a reference picture.

10. The nmethod of aiml, the flag is in a slice level, wherein the flag is
used to SaDzalm®@714be tenporal MP candi dates for a slic@CT/CN20RW706ihe

met hod of Claim1l, wherein the flag for a current slice is set to disable

t he tenporal candi dat es i f o-l ocat.ed slice the ¢ ent slice
are |-slices 1%%%’8”@@& .Céalgbi% Fiytieh SOMBTT R n%@é%@%raﬁkpmﬁ neRsadt es
ot herw S€gp akidl T&ﬁmﬂ%th}?ﬁ/pfre&@dl mw%ere%@ﬁ@ 'N@thﬁ@ecf :c ?%lall Se@thdafiPMept flag.

1013. The nethod of Claim12, wherein the inplicit g is determned at a
decoder b&m@d@b@ewnhummatmmnwéss@mxanHTVPﬂmfpwmpanpeanddwaaEEOMbaof

1o wher oS et P B30t & L GR outtk e EnBRT Mk  candi dat o

if a cp-1ocatiedriRippiaisios Cﬁﬁlnil'@tﬂl%fwg%lﬂﬁ@se h& TR, metRadieflddigi m 12,
wherein the inplicit flag is set to disable the tenporal MVP candidates if

a co- Iocaﬂ%ﬁigﬁﬁé@ﬁﬁ@i@ﬁmpﬁﬂﬁﬁvgpmﬁbdmesﬂﬂi@emﬁﬁsﬁbﬁaﬁatus for deriving a
notion vector ( i r bl ock
in Inter, Nbrzogfh%dg!rp%%%uﬁ dn%é{dmge@&q%tg In éﬁ?&étﬁ% lé%{’)ecgérﬁﬂﬁf &%rﬁa%%’
Candldateﬁxﬂaﬂﬁﬁaskmmaﬁﬁ@oﬁﬂhﬁﬁPemﬁE@ﬁmﬂ%rNMBnﬁa@dhﬁaIeS 20 associated with
one or nore nei borlng bl ocks and one or nore tenporal MVP candi dates
associ at ed wizlHEAEPYRIUSSE £13BL |G ¢ g ipiine Rlce 1FYFé wperaindhe fag snpeslsi ng:
meansq & or i Hﬁﬁﬁl re tenporal MVP candi dates are
dlsab id gg%% |#§K?%?a ng$ﬁﬁgg$?§§51 |?§trean1 means for deriving the
M/P based on 22aihd apparatus oﬁﬁﬂa&ms]pﬁalwhatelrl\ﬂbﬂ@ ftagrfdn ajatr&mt RAidefis sdieo flisalge

i ndi cated that sa e nor e i dates are disabl ed;

oans 1 or MorropaY T CpBBRs B i BsRird SHEsort B8 et VR Eandi dat es
and sai d QREMHETaBRS @et%&éﬂ%@fe&he %o@zﬁ%\@%ﬁcﬁdﬁ&s &ﬂﬂ@r&léeag i ndi cated that
said one or nore tenporal P candi dates are enabl ed; and nmeans for

provi di ng thé3ﬂﬂﬁf@pmﬂﬂh@f6mmneﬂiV&knnmﬂw3@®¢mmmesbmwémaﬁmsnmmcmfﬁgn116
further conprising neans for determning a forced tenporal MVP when a
tenporal MVP is not available if the tenporal MVP candi dates are enabl ed as
i ndicated by the flag, wherein the forced tenporal MVP is used in said
deriving the MP if the tenporal MP candi dates are enabl ed as indicated by
the flag. 18. The apparatus of Caim 16 further conprising neans for

ski ppi ng MV-based spatial redundant MVP renoval, wherein the M/-based
spatial redundant MVP renoval determ nes a spatial redundant MVP by
conparing an MV value of a currently determ ned MP with an W val ue of a
previously determ ned MWP. 519. The apparatus of Cainml6, the flag is in a
sequence |l evel, wherein the flag is used to disable the tenporal WP

candi dates for an entire sequence. 20. The apparatus of Caim 16, the
flag is in a picture level, wherein the flag is used to disable the
temporal MVP candi dates for an entire picture. 21. The appar at us of
Claim116, the flag is in a slice level, wherein the flag is used 10to

di sabl e the tenporal MVP candi dates for a slice. 22. The apparatus of
Claim 16, wherein the flag for a current slice is set to disable the
tenporal MVP candidates if all co-located slices of the current slice are
I-slices and the flag is set to enable the tenporal MP candi dates

ot herwi se. 23. The apparatus of C aim 16, wherein the indication is based on
an inplicit flag.
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