HIGH ACCURACY MOTION VECTORS FOR VIDEO CODING WITH LOW ENCODER AND
DECODER COMPLEXITY FIELD OF 'CBE INVENTION [0001) The present invention relates
generally to video coding. More patrticularly, the present invention relates to utilizing higher accuracy

motion vectoksdoaaaprvesmotion compensated prediction video coding withegdngreasing coding
complexity. BACKGROUND OF THE INVENTION 100021 This section is intended to provide a

background or context to the invention that is recited in the claims. The description herein may include
concepts that could be pursued, but are not necessarily ones that have been previously conceived or
pursued. Therefore, unless otherwise indicated .herein, what is described in this section is not prior art
to the description and claims in this application and is not admitted to be prior art by inclusion in this
section. 100031 Motion Compensated Prediction (MCP) is a technique used by video compression

standards to reduce thH &izb 6§ Ar dhédde dvbitstiidam M MEP R grebifclidm ot =l ciidAtrame is
firmed using a previouslyﬁm ﬂw(ﬁé‘;W@%%gﬁ@fﬁg‘fgﬁwggetw@ﬁo@@@&and prediction
d predicted frames, is enco ed and sent to

signals, representative of the current an sent to a decoder. A
prediction signal, representative of a prediction frame, is formed by first dividing a current frame into

blocks, e.g., macrobbacks, and searching fp{ﬁ@%ﬁt ,ﬁ%g@{%ﬁ&gence frame for each block. In this
way, the motion of a block relative to the reference frame is determined and this motion information is

coded into a bitstrea&l} aﬁ motion vectors. A decoder is a‘qg;-ﬁ;[o reconstruct the exact prediction frame
by decoding the motoh VeclSF XETBHESHLY I e Bitatraantc 0004 T MOHON VEREETS are not
limited to having fullipixetsaccuracyobut dould wave fraictionakpixel actomacyias wethpFhat is, motion
vectors can point to fractional:Rixelagsiiersiacations:af thensierence frame, whergdhe,.

fractional-pixel locations can refer to, for example, locations "in between" image pixels. In order to
obtain BACKGROUND OF THE INVENTION

(00027 This section is intended to provide a background or coniext to the invention
that 1s recited in the claims. The deseription herein may inelude concepts that could
be pursied, but are not necessarily ones that have been previously conceived or
pursued. Therelore, unless otherwise indicated herein, what is described in this
section is not prior ait to the description and claims i this application and is not
admiited to be prior art by inclusion in this seclion.

10003} Motion Compensated Prediction {MCP) is a technigue used by video
compression standards to reduce the sizc of an encoded bitstream. In MCP, a
prediction for a current frame 1s formed using a previcusly coded frame(s), where
only the difference between original and prediction signals, representative ol the
current and predicted frames, is encoded and sent to a decoder. A prediclion signal,
representative of a prediction frame, is formed by first dividing a current frame inio
Hocks, c.g., macroblocks, and searching for a best match in a reference frame for
each block. In this way, the motion of a block relative to the reference frame is
determuned and this motion information 18 coded into 2 bitstrcam as motion vectors.
A decoder is able (o reconstruct the exact prediction frame by decoding the motion
vector data encoded in the bitstream.

{0004} The motion vectors are not limited to having full-pixel accuracy, but couid
have fractionai-pixel accuracy as weil. That 15, motion vectors can point to {ractional-
pixel positions/locations of the reference frame, where the fractional-pixcl locafions

can refer to, for example, locations “in between™ image pixels. In order to ohtain

-1



samples at fractional-pixel locations, interpolation filters are used in the MCP process. Conventional
video coding standards describe how a decoder can obtain samples at fractional-pixel accuracy by
defining an interpolation filter. In MPEG-2, for example, motion vectors can have at most, half-pixel
accuracy, whee ihgsausyales at half-pixel locations are obtained by a simple-aygiaging pisneighboring
samples at full-pixel locations. Thell.264/AVC video coding standard supports motion vectors with up
to quarter-pixel accuracy. Furthermore, in the H.264/AVC video coding standard, half-pixel samples
are obtained through the use of symmetric and separable 6-tap filters, while quarter-pixel samples are
obtained by averaging the nearest half or full-pixel samples. [0005] It is known that better prediction in
the MCP process could be obtained by using higher accuracy motion vectors. For example, using
motion vectors with 1/8 (one-eighth) pixel accuracy can increase the coding efficiency of video coding
system. However, tiaeaeertistardsest Righoaeciraey stichiveciors ey hi'itdrattrestudies and
as considered during¢he:gevriopmentof thenl k26 HAME: Videa cading stanstand)genarally increases

both encoding and decoding complexity, where the increase jn complexity involves two factors. A first
factor s hat an enoL A L BT e R R e
one-eighth pixel acclifdey posttions. Iiset sidifactor istAecWeed 1dibotls themricsdelant'decoder to
perform additional ape:ussally semiplex interpplation.tonebtaim the.aneseighth pixel saaples. 10006]
For example, two different interpolati hnjques, for one-eighth pixel accuracy are described in the
fllowing references T Ve L gt ot S Se P P B T e T doe,
Q15-K-21, Portland S@régomtt) SEu Ay USt G000 ar IT MW AConiplexisdredticetithéibn
c%m%ensze%ted Eredigﬂ'ﬁm mplyarasbﬂiﬁ%%ﬁm@%%wg@v g@ﬁ@ﬁuiﬁmﬁhdﬁﬁaﬁ@ @@@%@m@loe.
VCEG-L20, Eibsee, Germany, Januar 1. A first conventional algorit es a three-stage
interpolation process ToOUEAR 20 IR A e Pt B A AR P 108 s cHtet i Pigure 1.
At least a half-pixel #lsquarter-pixel sample can be obtained using 6-tap (or 8-tap) filtering with
regard to frames 10p@ng 104 keshectivebnanetheona-gighibrielsamplecanhaehtained using
hi-linear filtering. In particular, two instances of the 6lap or 8-ta .filtrerinl_lg can be %ﬂg'ng, e.g., Filter
108 and Filter 110, whife 5 §?n§i3§‘i‘ha§ alﬁlgtéoé‘f‘tﬁ’eoﬁi-I'|'r?éa}rc‘ﬁﬁ%ﬁhbs,lr&6?‘.0 ilter 112, can be utilized. With
this conventional apgpreactithheensolatiorncomplexity ofbotre dusner Pixekanedore-eighth pixel
samplels ire Sigfniﬁc&f%t?]ﬁl:}rf;!?{Wﬁ%ﬁi@@&r@iﬁhﬁté&kg@yf?ﬁv&. é{é@{@@@@&ﬂgﬁ&&@f&@r@. gl.yg) to th;e ”?ed’ for
example, to perform the at least two casca -tap interpplations appli r .to a full frame
700, 1n acition. an BFESIEA GOEIATHCR 16 S0F8 SR AP Bl WA S Tt a memory
unit to perform efficiedimnetiofrakthiomatiol. M:6EeFi Ak cvonthalgorithvding olvegd aging tirect
interpolation for quager.angone-gighth:Rixelsamplgstoreduce-thedecoding.complexity.Hence,
direct interpolation can refer to quarter and one-eighth pixel samplesg)_ ing obtained only by using

|

integer samples. In TRIS WA HHSPS L HEhES TR PEHEIHT SPETatiSHE Witk oy CSEaRing fillers. This
conventional algoritwrhas ersimilar ecodintzgonplexiteto theokt. 2EAHANE: widetrcadinig standard.
However, this algorifbm,hasidrawhacks withyegard [o.eRcadencomplexity Jhis; ishesatse the
encoder needs to perform high-complexity interpolation for each candidate quarter and one-eighth
pixel motion vectorsiAdShotion estimation stage. Performing such high-complexity interpolation
increases the compléiit) of-thesengodirvg pideessibigractonsidetallecamourtc{@008) ¥hother

alternative still, is to, prescalculate. gHariarantiRnggighth.pixelsamples Refarg he.framg encoding
process and store this in memorgﬁ However, this a&)roach S|%n|f|cantly increases the memory required

for the encoder. ThEFSTSHEN 4% Al héthotbis fiedtfed foruthziny Agh &L &L motion vectors
which does not incréagestiettomplexityeof theenecedingdand! oraeceding:proskssestiand which

increases the coding;gffigiency;afithe system.and methedrBUMMARY s doc. vorG-1.20,

Eibsce, Germany, January 2001. A first conveniional algorithom uses a three-stage

interpolation process to obtain at least one-eighth pixel sample in frame 106 as
indicated in Figure 1. At least a half-pixel and a quarter-pixel sample can be obtained
using 6-tap {or 8-tap) filtering with rcgard to frames 102 and 104, respectively, and

the one-eighth pixel sample can be obtained using bi-lincar filtering. In particular,

'
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100091 Various embodiments provide two-stage interpolation for frame prediction samples with
guarter-pixel and finer accuracy. That is, all samples having quarter-pixel and finer accuracy can use
either half or full/integer-pixels in a hi-linear interpolation to allow for the use of higher accuracy motion
vectors, suctvaes@mseaeighth-pixel accuracy motion vectors. The motion vecterseancbgsiestricted in a
manner such that they are not allowed to point to every possible sub-pixel sample on a sub-pixel grid,
but rather a subset of those sub-pixel samples. In addition, the same full/integer and half-pixel samples
that can be used to obtain a quarter-pixel sample can also be used to obtain a one-eighth-pixel sample
that the quarter-pixel sample is connected to. Hence, for every quarter-pixel sample, a motion vector
could point to two additional locations with one-eighth pixel accuracy, where the two additional
locations can be calculated using} the same half or integer-pixel samples which were used to obtain the
quarter-pixel samplé” T HEVEIGTe dR bt AR HIBHOITRsctar Aestifsed ean BtadiievedRiiiout the need
to perform additionallintetpclationistageswenincreasadiraicemplexity ofa decedeneanfigired to decode
motion vector data. cqrdi irst ct, there is provided ethod, caomprising:
determining that a p%?e(?%%%i%;ﬁg%é%%%ﬁétﬁ%% e?ﬁﬁog bitstréar 3nd%13?§tfjﬁ"5’ffb% vector has
at least quarter-pixel"a ST ey REGIGT R ikt BHSs ¥ nterg sldbmmehet eAlbalating/a Yosition of a first
sample having the atdeastduastardpiiehaceurasy: o whichibr matienvegionneintsutilizing the motion
vector having the a arter-pi uracy: and.obtainjn ond sample having a pixel
accuracy greater th%%%%%sq? I:s’e<'§1!€nn%p gjlil%%?ﬁ?ﬁspgl,cf?a‘g%%ﬁeélgafrﬁftte%ﬁag%i%anm&l! | tﬁéa’g@ﬁ?ﬁh?ﬁ.
10009b1According T 6k ¥8Hl AEpEEts e e rowaad i dompateied dadablermediymmiaving a
computer program stoikech tHisreonpifieneempiaiemprogram comprising instructions operable to cause a
processor to perforyg.an %“s‘a@&ﬁﬁ%i%%ﬂ%d as defined i(@ithe first a§p_ect 10009c1According to a third

aspect, there is provided an apparatus, comlgri%meé:ugmg rectinietpolation for quarter and one-
erghth pixel samples to reduce the decoding complexity. Hence, direct interpolation
can refer to quarter and one-eighth pixel samples being obtained only by using integer
samples. In this way, there is no need to perform operations with long cascading
filiers. This conventional algorithm has a similar decoding compiexity to the
H.264/AVC video coding standard. However, this algorithm has drawbacks with
regard to encoder complexity. This is because the encoder needs to periorm high-
complexity interpolation for each candidate guarter and one-eighth pixel mation
vectors m a motion estimation stage. Performing such high-complexity interpolation
increases the complexity of the encoding process by a considerable amount.
[0868]  Another alternative still, is to nre-calculate quarter and one-eighth pixel
samples before the frame encoding process and store this in memory. However, this
approach significantly increases the memory reguired for the encoder. Therefore, a
system and method is needed for utilizing high accuracy motion vectors which does
not merease the complexity of the encoding and/or decoeding processes, and which

mereases the coding efficiency of the system and method.
SUMMARY

[600%] Various embodiments provide two-stage mterpolation for frame prediction
samples with quarter-pixel and finer accuracy. That is, all samples having quarier-
pixel and finer accuracy can use either haif or full/integer-pixels in a bi-linear
interpolation to allow for the usc of higher accuracy motlon vectors, such as one-

eighth-puxel accuracy motion vectors. ‘I'he motion vectors can be restricted in a

-
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processor configured to: determine that a pixel offset syntax element is encoded in a bitstream and
that a motion vector encoded in the bitstream has at least quarter-pixel accuracy; read the pixel offset
syntax element; calculate a position of a first sample having the at least quarter-pixel accuracy to
which the motion vector points utilizing the motion vector having the at least quarter-pixel accuracy;
and obtain a second sample having a pixel accuracy greater than the first sample utilizing a fractional
interpolation structure, algorithm. [0009c1According.to a fourth as ﬁt’ there.is provided a method,
comprising:@é@%ﬁ%‘fﬁ&%ﬁt E45E BR Vs AP B traPRINL SREY dechi %e;b FotRSECIBPR AP optimal
half-pixel acetrpioyimolibrbuecttizseasahing fdriabdeashariecduareldixel additiacy hosition
neighboringfémn% Igag}l grﬁgl,j gg& gg%n]asl, %Ilipaié(nelbacucs%ga&}/ rg;‘i%tiog vec{;tor_and Ithe \A(/)@timal half-pixel
accuracy motion vchor; applying a cost function anaﬁy'ss t0 detérmine Whether a Jowest €ost motion
vector has gltsartee-pisesl decokémy: aporceeddtbrmishtiomthat five [dwestoostpratiosevgdtorshas
quarter pIxelAGeLACY, IRAIENIRG [R1R! IeRstun RAdidaLe Pliel BRI PaGN TR 30 IRast two

sa Sie havin th

candidate pixel offsets being indicative of a sar g an accuracy greater than the quarter-pixel
accuracy; aiftd éeatinepsipisastbrisipixahdffsetdyarmaxasieméstindic ativerdf dickm doeriens the at least

two candidate, pixehRifprts Whuthe: 10WeSHAPSE MALRR VECIAhIR AR (00Q%INGGAFINg to a fifth

aspect, there is provided a comgter-readable medium having a computer program stored thereon, the

computer pHejPEATRBRIPHSTAG RHstiiCBRE o po HPIBAY SRR ¥ POES§8BIARY [5aTBFAAY Bhe of the
method as defiaghin the daurikaspect dRRPALAcspingfaasixth aspest: therejsinreridsd an

apparatus, comprising pro%?fsor configured to: determine at least one of an optimal full-pixel
accuracy mbHeP VB AR SHOAFRAT HAHPRET%U# ey motion vector; search for at least one
quarter-pix¢hegesiracy positioningigbberingthemtleastens girthedeptimak ftHbpixealagttkacy motion

vector and Hw?eg}[;l)timal F?]]alf-pixel a(t:]puraézlx motion vector; aéjffélgy% EC)%St function analysis to determine

whether a ISHESt B84 MBtHRVELS Hat OB L& H R R GHIRER Bhe lowest

cost motionveeictohhasiguerterqpicalrgocalanyusearchefoliat ldaspiwd cafididatetpixeloffsats, each of

the at least tyyo %n%i,gt ixel offsets being indicative of a sample having an accuracy greater than
the quarter-ﬁc%lll\{x(E:}}:aaicl,1 r%c(:%; gﬁ?dogﬁi%és[esgt gsqagﬁgéﬁfeﬁtg%%tqgﬁﬁteéf gfgrr?g% i ié%tl\}g(’gf at least
one of the ahteastiono caitidaiatpixalisifsetbavitivtios lowtst tosnmotioatvietorgmetdsitsicdarn. 100101

These and giheradvantagen A ealyest thadisslosuieeggeme! with thegjagoization and manner

of operation thereof, will become apparent from the following detailed description when taken in
conjunctionfiitti¥re acedrrpanyrig uralinfsPNireiHikb sl aMeriisrhave like numerals throughout the

several dravmim%ﬁescrib@é’cgﬁ%\g- to a second aspect, there is provided a computer-readable

medium having a computer program stored thereon, the computer program comprising
instructions operable to cause a processor to perform any one of the method as defined in
the first aspect.

[60009¢]  According to a third aspect, there is provided an apparatus, comprising: a
processor configured to: determine that a pixel offset syntax element is encoded in a
bitstream and that a motion vector encoded in the bitstream has at least quarter-pixel
accuracy; read the pixel offset syntax element; calculate a position of a first sample
having the at least quarter-pixel accuracy to which the motion vector points utilizing

the motion vector having the at least quarter-pixel accuracy; and obtain a second sample
having a pixel accuracy greater than the first sample utilizing a fractional interpolation

structure algorithm.



BREIF DESCRIPTION OF THE DRAWINGS 100111Figure 1 illustrates a conventional three stage
interpolation structure: [0012]Figure 2 shows a generic multimedia communications system for use
with the present invention; [0013]Figure 3 is a perspective view of a mobile device that can be used in
the implementation of the present invention; f00141]Figure 4 is a schematic representation of the
device circuitry of the mobile device of Figure 3;

[0069d] According to a fourth aspect, there is provided a method, comprising:
determining at least one of an optimal full-pixel accuracy motion vector and an optimal
half-pixel accuracy motion vector; searching for at least one quarter-pixel accuracy
position neighboring the at least one of the optimal full-pixel accuracy motion vector and
the optimal half-pixel accuracy motion vector, applyving & cost function analysis to
determine whether a lowest cost motion vector has quarter-pixel accuracy; upon a
determination that the lowest cost motion vector has quarter-pixe! accuracy, searching for
at least two candidate pixel offsets, each of the at least two candidate pixel offsets being
indicative of a sample having an accuracy greater than the quarter-pixel accuracy; and
encoding at least one pixel offset syntax element indicative of at least one of the at least
two candidate pixel offsets with the lowest cost motion vector in a bitstream.

[000%] According to a fifth aspect, there is provided a computer-readable medium
having a computer program stored thereon, the computer program comprising
instructions operable to cause a processor to perform any one of the method as defined in
the fourth aspect.

[00G9f]  According to a sixth aspect, there is provided an apparatus, comprising a
processor configured to: determine at least one of an optimal full-pixel accuracy motion
vector and an optimal half-pixel accuracy motion vector; search for at least one quarter-
pixel accuracy position neighboring the at least one of the optimal fuli-pixel accuracy
motion vector and the optimal half-pixel aceuracy motion vector; apply a cost function
analysis to determine whether a lowest cost motion vector has quarter-pixel accuracy;
upon a determination that the lowest cost motion vector has quarter-pixel accuracy,
search for at least two candidate pixel offsets, each of the at least two candidate pixel
offsets being indicative of a sample having an accuracy greater than the quarter-pixel
accuracy; and encode at least one pixel offset syntax element indicative of at least one of
the at least two candidate pixel offsets with the lowest cost motion vector in a bitstream.
10610] These and other advantages and features of the disclosure, together with the
organization and manner of operation thereof, will become apparent from the following
detailed description when taken in conjunction with the accompanying drawings, wherein

like elements have like numerals throughout the several drawings described below.
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[0015]Figure 5 is a diagrammatic representation of allowed pixel locations and connections in
accordance with one embodiment; [0016] Figure 6 is a diagrammatic representation of allowed pixel
locations and connections in accordance with another embodiment; 100171Figure 7 is a diagrammatic
representation of a fractional interpolation structure: and 100181 Figure 8 shows notation utilized in
accordance with various embodiments to denote full and sub-pixel locations: DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS 100191 Figure 2 shows a generic multimedia
communications system for usg%ﬁmpg%‘?&gﬁﬂw&ﬁﬁ?ﬁ@% iﬁﬁiigure 2, a data source 200
provides a source signal in an analog, uncompressed digital, or compressed digital format, or any
combination.@ég?fse 1‘}95rr{11§31t§.i n tentcoder 210 TEencociﬁs the source signal into a coded media
bitstream. The eHcoder 216 may ba capaBIE BHEHE ARG Hae THEW HHEMMSESHSe, such as audio
and video, di¥fidie thangnelemcoder @1@mayubéredjuiredtavcode different:niediadypes@f the source
signal. The S%@Q@fngn may also get synthetically produced input, such as graphics and text, or it
may he capable of producing coded bitstreams of synthetic media. In the following, only processing of
one coded mEdi bitstrezs sfippeasesistypécis consiverkdityisimidifytheciescriptioa. It should be
noted, howeyern thalpiralbiealdime Rieagsast services comprise several streams (typically at least
one audio, video and text sub-titling stream). It should also be noted that the system may include many
encoders, blit4Fne fdilswme BrilyoRsaitcsaesenotistohtiadmirto imiifofiieedesbiiption without a
lack of generality d0020L i-should be understood that, although text and examples contained herein
may specifi§§l describe an encoding process, one skilled in the art would readily understand that the

same conceptt ahd pfififles Sist 2R 8 theceriersbrririg Heved g Proceseranddice versa.

connections in accordance with one embodiment; [0016] Figure 6 is a diagrammatic
representation of allowed pixel locations and connections in accordance with another

embodiment;

{6617) Figure 7 is a diagrammatic representation of a fractional interpolation

structure: and

4b



100211 The coded media bitstream is transferred to a storage 220. The storage 220 may comprise
any type of mass memory to store the coded media bitstream. The foimat of the coded media
bitstream in the storage 220 may be an elementary self-contained bitstream format, or one or more
coded mediapiistsaamsegaay be encapsulated into a container file. Some sysigmsararaie "live”, i.e.
omit storage and transfer coded media bitstream from the encoder 210 directly to a sender 230. The
coded media bitstream is then transferred to the sender 230, also referred to as the server, on a need
basis. The format used in the transmission may be an elementary self-contained bitstream format, a
packet stream format, or one or more coded media bitstreams may be encapsulated into a container
file. The encoder 210, the storage 220, and the sender 230 may reside in the same physical device or
they may be included in separate devices. The encoder 210 and the sender 230 may operate with live
real-time content, in WHigh Cas8 tHe RotE 4 Bitstaatfi-r Rsicat et sty rat pbffndhtly, but
rather buffered for stabipéribgs: efithmecinctheécontent encoder 210 and/or in the sender 230 to smooth
out variations in processing delay, transfer delay, and coded media bitrate. 10022] The sender 230
sends the coded media bitstream using A e@PIMLNCAIOENREIYCH rstack B stask nsay include but is
not limited to Real-Time Transport Protocol (RTP), User Datagram Protocol (UDP), and Internet

Protocol UP). Whenifaegorepuicationspratecol stack.lanacketerientad  ihersandear 230
encapsulates the coded media bitstream into packets. For example, when RTP is used, the sender

" 230 encapsulates the CFEE HEEH BitstedN hB BI P patkats QeESlifg 1 SR T2 5ayload format.
Typically, each medigtype hasraldedicated-RTR payidad fonmatsit shotld heria@gainmoted that a

system may contain gk 1han £16.2800812 30, BRI, e sakaLfsimplicit:ihe:fplqwing;description
only considers one sender 230. [00231 The sender 230 ma)éor may not be connected to a gateway

240 through a commitiHERiSAABWBIKFRETHAETAY Yatial perfsrirdifare ity pas st finctions,
such as translation ofra.packet stigamdacdarding:toceime cormmuniicatio mpy dtocalistack todanother

communication protgg@rg@%m%ﬁggpgf%qggggqgﬁ,mld@;ﬁ: Steams; @Mmggig&laﬂon of data stream
according to the downlink and/or receiver capabilities, such as controlling the bit rate of the forwarded

stream according to SPERFATRE ABWHIRK EtTETR BorarSHE E i pleSEF J4ERRARIE Y40 include
multipoint conferengeccionitro kuhitsh{M ey of atelvaisibeiweenieifolit-swatchedand pagkdt-switched
video telephony, Push-tafalk.pyer fellularRathsenvers. 1PeReansulaarsimdigital video

broadcasting-handheld (DVB-I1) systems, or set-top boxes that forward broadcast transmissions

locally to home wirefeESRER ok AWHBHRITP 1RUSEH; the gateilhuy 2t Cardt SR mixer and

act_s as an endpointc@ﬁajﬁﬁfﬂsa@lmnemﬁi@(_tgﬂﬁﬁlm Ehe @ysﬁeﬁbinedilade&iom mbmc_i'r@re_ceivers 250,

typically capable of recaiving, A& mmodylaring. Ang 9&'9%‘?5}4'%E!?Qlﬁﬂ%é@lﬁ%ﬁ%ﬁ'é%geﬁgﬂﬁ'ﬁﬂm a coded
y

media bitstream. The c,odec media hitstream is typically processed further by a decoder 260, whose
output is one or morBURLBHIPFCELEN AR StréAmSOTIHAIRY 4 TEMIErdr e ro i repttitice the
uncompressed mediasireamsanith a loudspeaker or a display, for example. The receiver 250, the
decoder 260, and thespnderer a70may,eside in.tha Ranme physieal deyice or ey fay,be included in
separate devices. [002S1 it should be noted that the hitstream to be decoded can be received from a
remote device locatB@XsREfHIGHHY ARSFERR A He BHNERGERS ABTHEIFAIN, BR&TbStEARI%EN be received
from local hardwarewet saftwiarat {R026jcSoalapdiydpirpmps:oflbitratey detodingpondpliexity, and picture
size is a desirable pyoperty for hgteﬂrgg}eneoysg'and error prone environments. This property is

g A Ipr_oce; 5 gnavice v% . . . .
desirable in order to countér limitations such as constraints on hit rate, display resolution, network

throughput, and cort{¥atations Pehier i a teteriny devicechozaresmmuni¢atithdesiées of the
present invention may,campiisicate psiighvariatsdrarsmnissiontaehnelogigsdnehuding, hut not limited
to, Code Division Mulltipl ces DMA),. Global System for Mobile Communications.(GSM),
Universal Mobile TR am R G e B e S ALE (TOMA),
Frequency DivisionqoRiitisie cees (FDRMAY, cTrahsissiorrCoptroP pistaesNmtémet Protocol
(TCP/IP), Short Messaginghoervice (SWMShMultimadiayMessaging Service (MM Shra-mail, Instant
Messaging Service 1@4}{'? E 805 11, etc. Aco ‘?Jnic?tion den\gge,}qa)gyrggmmunicate

. . . 3 5)1’ %M%tgloﬁ?d IJE(Erean o fhe encoder 210 directly to a senaer 2,30, 2 :
using various media Inc cflng, hut nol['I d 10, radio. infrare aser\,’ cablé coniectior, and the like.

u imite
100281 Figures 3 aftd 4! shdiw odeapre Senthativéomvbita devicerE2 Witlirrdtieh the fresent invention
may be implementedrit:sheule-benagderstoad-howeyer ithatthepiesentipvantiomisnot intended to
be limited to one particular type of mobile device 12 or other electronic device. Sonic or all of the
features depicted in Figures 3 and 4 could be incorporg,’ged into any or all of the devices represented in

Figure 2.



[00291 The mobile device 12 of Figures 3 and 4 includes a housing 30, a display 32 in the form of a
liquid crystal display, a keypad 34, a microphone 36, an ear-piece 38, a battery 40, an infrared port
42, an antenna 44, a smart card 46 in the form of a MCC according to one embodiment of the
invention, a cafg 1eRAeEAS, radio interface circuitry 52, codec circuitry 54, g contralier8.and a
memory 58. Individual circuits and elements are all of a type well known in the art, for example in the
Nokia range of mobile telephones. 100301 Various embodiments can extend conventional two-stage
sub-pixel interpolation algorithms, such as the algorithm used in the 1-1.264/AVC video coding
standard, to achieve an arbitrary accuracy without the need to perform additional interpolation stages
or increase the complexity of the decoder. That is, motion vectors can be restricted so that they are
allowed to point only to those positions/locations that are located directly between the full and
half-pixel samples tHat G BR A S IG Th BBt &Gk EtEFPdErEaI8e A eiitd stsipixel samples
can be derived fromithersamenfiylbanst haltpixehsamplesthatia closestguarter-pixelsample is derived
from, and yet the subspixgs sarples a3y have & lnet aeseskinan hose cipsest gyarter-pixel

samples. It should be noted that various embodiments can be’implemented by and/or in conjunction
with other video codiffg €E4riBaFaY BedidEsthd HoBArAYE wddbrcstify’standaracttosin one
embodiment can bellssec:feinmotioprvastorswith-ane ighth sampleraceuw agycimthis exemplary
embodiment, one-ei hthu- IX I_sbamlplgs Eh L m gon vectors are allowed.to point to when, various
embodiments are a;% |gclﬁft38 the H.264/AV éeﬁ‘?(gc?fosﬁﬁl ?ﬁ?enr%oslgj[%lﬁl%]t?ug%ﬁr% [g?teeélﬁ%t\}ﬁmﬁ(?ﬁgure 5.
Similarly. one-eightfipiveFsampescirat’ Metoathestors drenalfoweer s ol to rafe et fractional
interpolation structusaaseishewsidnikigtire 6, where the structure, specifically a sub-pixel hi-linear
interpolation structurg, j$,shgwn in.Figure 7..In Figures 5 and 6, one-eighth-pixel samples are indicated
by shaded circles B &4 LB CaoY T L e 0
neighboring quarteripekeIcsatiite Wik arocioisaney: pitdiaim e drdinglicateacby triangles
530-541 in Figure Srab@ddy (wiangles:686-04l:ipFiguiehHalhpixelsamplesarerindicaied by
un-shaded circles 550-554 and 650-654 in Figures 5 and 6, respectively. Full/integerpixel samples are
incicated by Squaret B0 SR T R ROl T b e BT ) Do Lhetore.
Figures 5 and 6 illusgéte hedi; thesemafglpakdihditpixersiimiphes tHat sascsahisedds dbtain a
quarter-pixel samplercassalse: be: used ta-ohtsinaeneneighthpixelssaaple thatthemguarter-pixel
sample is connected tq. In conventional two-stage, interpolation, a qu -pixel can be calculated
using hi-linear filtca\riﬁég?ﬂofi ?hf?e) \}\?éﬁt Féas]}tyhgf? 6?%%36 rprg&se é%dr%%?%s. féé%}’dle?%%?én \]/Eét'r?%us
embodiments, this t&EhildaeLanieékitrides 1o applprroneceighth Jpixedraecaraciu Tt is, for every
quarter-pixel sample;Amotipn-vecer eaulsipeint tedwe additignakpasitionsigeations with

one-eighth-pixel ac , Where the_two additional locations can be calcula;e? sing the same half or
i dhebeaieh b

. . fe sender 230 may of may. nat be connected 10 a saleway 2
full/integer-pixel sa ich Wevc uset to obfain the quar(fer-plxelsam €. Iélgures 5and 6

show these two additionablowitiorss forkeabhr gatarter-pikenaF oedxaniplerohbsaighiibpixebsamples 501

and 502 are connegied 1o wiartesPixalsarenieca30 B g ® Bndighie 8188 e o sROVS. i
one-eighth-pixel samples 608 and 612 as bein conQected, to%uart?éh%z(f?l sample 635, for example. It
[

should be noted that 3¢A b Ta TS ANaioh AT ot Atio A4 e B {8 HIe S cation to
which the set of tworadditiamal {dcatiosareccontiecte thedovbdiihdicite dowithraamkiBighthsyntax
element in one emQQEiiirE@(EHﬂt%ﬁh%LﬂQ 8lsQbe MRS arded stream accordin & to prevailing

downlink network coenditions. Exampies of gateways 240 include multipoint
conference control units (MCUs}, gateways between circuit-switched and paciet-
switched video telephony, Push-to-tallk over Cellutar (PoC) servers, IP encapsulators
in digttal video broadcasting-handheld (DVB-H) systems. or sct-top boxcs that
forward broadcast transmissions locally to home wirsless networks. When RTP is
used, the gateway 240 is called an RTP mixer and acts as an endpoint of an RTP

connection.



that the one eighthoffset syntax element need only be transmitted, for example, when a motion vector
is not pointing to a full or half-pixel position/location. 10034] Because the motion vectors arc restricted
to one-eiahth-pixel resolution In accordance with one embodiment, a motion vector coding technique
can be utilizegyavhighisskifferent from conventional coding techniques. Form%&ég% balf and
guarter-pixel motion vectors can be coded in the same way as is conventionally executed with regard
to the H.264/AVC coding standard. However, if an initially transmitted motion vector has quarter-pixel
accuracy, an additional syntax element can be transmitted to indicate at least one one-eighth-pixel
offset (if any exists). Alternatively, the motion vectors can have an accuracy that is greater than
one-eighthpixel accuracy, in which case, the syntax element can indicate an offset appropriate to the
greater accuracy level. [00351 In accordance with various embodiments, certain approaches exist
which can save bits 8P 4fansrifittiri th& gHés e SErbEr atsovEs SNetapproachdandhvolve predicting
the offset from neighberinig:macralalaeks, thusdce-arsangiaghevariakleslength:cadesdhat are utilized.
Another approach C%ﬁ‘sﬁ@é’hoxlt\éﬁ _ur??diﬁgjnt% éggqgg&s&e}tﬁ%%sgrgi on thlg,Wot%oge&%gtgg_tgég%eance coded in the
bitstream (e.qg., if a zero motion vector difference is in icated'th the bitstream, an offset derived from

the motion vectors ti&tHETE(sEHRS JeReratethe pradicteerstion veetorfortheeik éan he used).
Yet another approachcarte utiizedywheretbesmetiphaccyracysfenthaepictuedgraus: of pictures,
macroblock, group of macreblacks or ablock can he indicated Fer example, an.ndjgation can be set
in a macroblock heaofe;?, where ther indication can‘"&g’na? at only qUEél\]r eF-pﬁffie Fﬁib‘tiorftgé/curacy is
applied for the macrtsbigei f tiseasecaradeitions syarde medds tonsertratisinitisd for the motion
vectors in the macroblnsk. Altermadivelysthenndicalicneanbe-crpligyred depending:on the mode of
the tnacroblock. Forr%a{éng)ée Cinlgtcgtc Qvatrlitg v\y}l;ier? a,ma}erobl_ cl§ haE[ ogéyc/i_one lrlnfot'on vector (e.g., the
motion partition size i 1 xlgs the Thdication would noy SavemEny Bits At $8*LSud be avoided.
100361 Exemplary prtesseseketgrd by andion inconfgretofiweith an encodes(s) and decoder(s) in
accordance with varjosisembadiments efac\idsa-soding systemandmethed that can support
one-eighth-pixel accurate motion vectars are described in detail below. It sﬁho%éd‘be noted, however,
that various embodiments cBUId be Sxtended to bparate With AHAr acLiracy BHEZ8RRth-bixel
accuracy. [00371 Wihtkitrblardotocarr exeriplany devedint operatiomfalgobithing. diselar more
one-eighth-pixel locations GandesktaibedWithsesarde angwmnlatenceder-operation/algorithm,
one or more one-ei%lbg- ix{gl accuracy‘mcgtion vefcﬁors can be found. It should be noted that certain

assumptions can be made for the detoderiaiicoder agotHMS R Er &AnBIE! it €A Bé%¥ssumed that at
least one-eighthpixelzoffeetraymmes elapsbmtlisiransmiited formevéryigd art€lepialmotion vector, without

any dependency onanafensyrtaclementipassntin macrakloek.header:if.a depgndency exists for
improving coding ef@ciencxf j[h(?l?ailglorithms described below in Table | can be extended in a
straightforward manne? Ti addition” # =aR BE S8R e iRE & Y eig M P RErB AR ot predicted
from neighboring macrebslockdi Hoiveverdf iDisidesiveditogphedict &@Dhesgifihthpisalifrom neighboring
maeroblocks, it shouldbe PRIEdthatstaiahiienvarcextensinns o ihe Agarthas e again possible.
10038] In accordan(%&}(t\{ith n exemplar‘;‘/ decodig%operatjon, after a motion vector Is decoded, a

|

decoder, e.q., the deCHYRF OB ESHH Pty Sh e RTgHtA-pRbI BHEE O s B RS MBS decoded
motion vector corre§poneishitdEftAet-pixekaccuraoynidsing theiquantecspixelnmatiosvector, the
decoder 260 can calculate, 2 anarieiRixelRasition 9 which dhemotion.veciarneinis.Figure 8
illustrates a possible notational structure which can be utilized with the algorithms described in Table |
below. In other word" (if§°a quarter-pixel location and a one-eighth-pixel offset, the decoder 260 can
use the equations pt#¥88htddgmEabled 4 tohobtainrplexant onessighttepical acthiracyisamples. For
example, the notatignal Stuctire.ShAR in.ighre & cARREARPIIEELIG IO ¥arius pis| locations

shown in Figure 5. That is, quarter-pixe| location "a" of Figure Scan refer to quarter-pixel location 530
ofFigure 5, where tAE! BYEBIGR IIKBLTHELICHITBIST 16 tHe e Eiy R sixBrEafises01 and the
"I" oneeighth-pixel offsetdan defertd: the ioneseighth-pixélisainple:502idt-ahpuldube nated that the
equations/algorithns deserherbelowaie,apalizable o e iactional interpglation structure of

thell.264/AVG video cgdin standard and to the sub-pixel bilinear interpolation structure illustrated in
Figure 7. However, &% quatiohehdfghiitris eahi B xtartibardusgeborsigstitspacional
interpolation structusescinetuding: it notlimitedato H24bREDGhicrophone 36, an car-piece 38,

7.
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a battery 40, an infrared port 42, an antenna 44, a smart card 46 in the forin of 3 UICC
according to one ¢mbodiment of the invention, a card reader 48, radio interface
circuilry 52, codec circuitry 54, a controller 56 and a memory 38, Individual circuits
and elements are all of' a type well known in the art, for example in the Nokia range of
mobile telephones.

[0038] Various embodiments can extend conventional two-stage sub-pixel
interpolation algorithms, such as the algorithm used in the H.264/AVC video coding
standard, to achieve an arbitrary accuracy without the need to perform additional
interpolation stages or increase the complexity of the decoder. That s, motion vectors
can be restricied so that they are allowed to point only to those positions/lacations that
are located directly between the fuil and hall-pixel samples that can be used to
interpolate quarter pixel samples. As a result, sub-pixel samples can be derived from
the same full amd half-pixel sampies that a closest quarter-pixel sampile is derived
from, and yet the sub-pixel samples can have a finer accuracy than those closest
quarier-pixel samples. 1t shouid be noted that various emboadiments can be
implemented by and/or in conjunction with other video coding standards besides the
H.264/AVC video coding standard.

[0031] One embodiment can be used for motion vectors with one-eighth sample
accuracy. Inthis exemplary embodiment, one-cighth-pixel samples that motion
vectors are allowed to point to when various embodiments are applied to the
H.264/AVC fractional interpolation structure are shown in Figure 5. Similarly, the
one-eighth-pixel samples that motion vectors are allowed to point to in another
fractional interpojation structure are shown in Figure 6, where the structure,
specifically a sub-pixel bi»linc—:lar interpolation structure, is shown in Figure 7. In
Figures 5 and 6, one-eighth-pixel samples are indicated by shaded circles 501-524 and
601-624, respectively, and are shown as being connected to a neighboring guarter-
pixel sample with an arrow. Quarier-pixel samples are indicated by Eriahgles 330-54]
i Figure 5 and by triangles 630-641 in Figure 6. Half-pixel samples are indicated hy
un-shaded circles 550-554 and 650-654 in Figures 5 and 6, respectively. FulVinteger-
pixcl samples are indicated by squares 560-563 and 660-663 in Figures 5 and 6,

respectively.
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[3032]  Therefore, Figures 5 and 6 illustrate how the same full and half-pixel
samples that can be used to obtain 2 guarter-pixel sample can also be used 1o obiain a
one-eighth-pixel sample that the quarter-pixel sample is connected to. In
conventional two-stage interpolation, a quarter-pixel can be calculated using bi-linear
filtering of the two nearest half or integer-pixel samples. According to various
embodiments, this technigue can be extended to apply to one-¢ighth-pixel accuracy.
That 15, for every quarter-pixel sample, 2 motion vector could point to two additional
positions/locations with onc-ctghth-pixel accuracy, where the two additional locations
can be calculated using the same half or full/integer-pixe! samples which were used to
obtain the quarter-pixel sample.

[0633] Figures 5 and 6 show these two additional locations for each quarter-pixel.
For example, one-eighth-pixel samples 501 and 502 are connected to quarter-pixel
sample 530 in Figure 5. Figure 6 as well, shows one-eighth-pixel samples 608 and
612 as being connected to guarter-pixel sample 635, for example. It should be noted
that each of the two additional locations and the original quarter-pixel location to
which the set of two additional locations are connected can be indicated with a
one_eighth pixel_offset syntax element in one embodiment. It should also be noted
that the one_eighth_pixel offset syntax element need only be transmitted, for
example, when a motion vector is not pointing to a full or half-pixe! position/iocation.
{0434}  Becausc the motion vectors are restricted to one-eighth-pixel resolution in
accordance with one embodiment, a motion vector coding technique can be utilized,
which is different from conventional coding fechniques. For example, full, half and
quarter-pixel motion vectors can be coded in the same way as is conventionally
executed with regard to the H.264/AVC coding standard. However, if an initially
transmitted motion vector has quarter-pixel accuracy, an additional syntax element
can be transmitted to mdicate at feast one one-eighth-pixel offset {if any exists).
Alternatively, the motion vectors can have an accuracy that is greater than one-eighth-
pixel accuracy, in which case, the syntax element can indicate an offset appropriate to
the greater accuracy level,

{0035]  In accordance with various embodiments, certain approaches exist which can

save bits for ransmitting the offset described above. One approach can involve

0.
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predicting the offset from neighboring macroblocks, thus re-arranging the variable
length codes that are uiilized. Another approach can involve predicting the offset
based on the motion vector difference coded in the bitstream (e.g., if a zero motion
vector difference 1s indicated n the bitstream, an offset derived from the motion
vectors that were used to generate the predicted motion vector for the block can be
used). Yet another approach can be utilized. where the motion accuracy for the
picture, group of piciures, macroblock, group of macroblocks or a block can be
indicated. For example, an indication can be set in a macroblock header, where the
mdication can signal that only quarter-pixel motion accuracy is applied for the
macroblock. In this case, no additional syntax needs to be transmitted for the motion
vectors in the macroblock. Alternatively, the indication can be configured depending
on the mode of the macroblock. For example, in a scenario where a macroblock has
only one motion vector {¢.g., the motion partition size is 16x16) the indication would
net save many bits and so could be avoided.

[0036] Exemplary processes executed by and/or in conjunction with an encoder(s)
and decoder(s) in accordance with various embodiments of a video coding systcm and
method that can support one-eighth-pixel accurate motion vectors are described in
detail below. It should be noted, however, that various embodiments could be
extended to operate with a finer accuracy one-cighth-pixel accuracy.

i0037)  With regard to ar exemplary decoding operation/algorithm, one or more
one-eighth-pixel locations can be obtained. With regard to an exemplary encoder
operation/algorithm, one or more one-cighth-pixel accuracy motion vectors can be
found. It shouid be noted that certain assumptions can be made for the
decoder/encoder algorithms. For example, i can be assumed that at least one-eighth-
pixel offset syntax element is transmitted for every quarter-pixel motion vecior,
without any dependency on another syntax element present in macroblock header. If
a dependency exists for improving coding cificiency, the algorithms described below
in Table 1 can be extended in a straightforward manner. In addition, it can be
assumed that a one-eighth-pixel oflset is not predicted from neighboring macroblocks.
However, if it is desired to predict a one-eighth-pixe! from neighboring macroblocks,

it should be noted that straightforward extensions to the algorithms are again possible.

-10-
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[0G38]  In accordance with an exemplary decoding operation, afier 4 motion vector
1s decoded, a decoder, e.g., the decoder 260, can read a one-eighth-pixel offset syntax
element if the decoded motion vector cormesponds o quarter-pixel accuracy. Using
the quarter-pixel motion vector, the decoder 266 can caleulate a quarter-pixel position
to which the motion vector points. Figure 8 illustraies a possibie notational structure
which can be utilized with the algorithms described in Tabie | below. In other words,
using a quarter-pixel location and a one-cighth-pixel offset, the decoder 260 can use
the equations presenfed in Table L, to obtain relevant one-eighth-pixel accuracy
sampies. For exampie, the notational structure shown it Figure 8 can be applied to
the various pixel Jocations shown in Figore 5. That is, guarter-pixel location “a” of
Figure 8 can refer to quarter-pixel location 530 of Figure 5, where the -1 one-
eighth-pixel-offset can refer to the one-eighth-pixel sample 501 and the “1” one-
etghth-pixel offset can refer to the one-eighth-pixel sample 502, It should be noted
that the equations/algorithms described below are applicable to the fractional
mterpolation structure of the H.264/AVC video coding standérd and to the sub-pixel
bi-linear interpolation structure illustrated in Figure 7. However, the
equations/algorithms can be extended/adapled for use with fractional interpolation

structures including, but not hmsted to H.241/RCDO.

; Hguation/Algorithm
Quarter-Pixel One-Fighth- | fiquation/Algorthm for | for the sub-pixel bi-
Location Pizel-Offset H264/AVC linear mterpolation
structure of Figure 7
a -1 (3*A+ b+ 2)»x2 (3*A 5 b+ 22 |
| 0 (At b D=l (A+b~ 1>
1 (A + 3%+ 2)==2 (A +3%b + 2)=2
c 1 (3%~ B 22 (3%0 + B + 2)>>2
0 (bt B=1)>>1 (b+B+ 1>
1 (b+3%B+2p=2 + (b+3*B+2p=2
d -1 (3*A +h -+ 2)22 (3*A +h + 22 i
0 (A~h+ 1> (A +h+ 1p>] ;

11-



.bo d- 1)>>1 04" 3*ho + 23>1>2 -1(3*h0 {- 130 2)>>21(3*3 +D + 2)>>2 (ho bo + 1)"1(j + D + 1)>>1 (ho
+ 3*bo + 2)>>2(j + 3*D 4- 2)>>2 Table 1 100391 In accordance with an exemplary encoding operation
to find one-eighthpixel motion vectors, it should be noted that encoder algorithm can be optimized for
low complexitygHaysavessdetter coding efficiency can be achieved with a highagsqmplexty encoding
operation ildesired. The exemplary encodine operation is configured to find a best full/integer and
half-pixel accuracy motion vector. Thereafter, a search is conducted for neighboring quarter-pixel
locations. For the quarter-pixel locations, a cost function can be appropriately modified to include an
indication of a one-eighth-pixel-offset as zero. If the motion vector giving the lowest cost has
guarter-pixel accuracy, a search can he done for the two candidate oneeighth-pixel-offsets-1 and D
using the equations described.in Table I..1t should

1 : (A -+ 3%h = 2y=52 (A + 3*h + 25>2
€ -1 (3%h + h + 2)>>2 (3*A =] +2)=2
0 (b +h+ 1y (A+7+ 1=
i (b + 3%h+ 2y=>2 (A +3%] + 2)07
f -1 (3%b +h+ 2122 | (7%D thy o+ 43
0 (b b D>l (3%h + by + 2)>>2
1 (b+3%h +2)>>2 | (5% +3%Dhy + 4)>>3
4 -1 (3%b + hy + 22 | (3*B +j + 2)>>2
0 (b +ha + 1)>>1 (B++ 1)1
| 1 (b + 3%hg -+ 20 (B + 3% + 21552
i -1 (3%h +j + 222 (7% +hy + 4)>>3
0 (b 1y=>] {3%h + hy + 2)>>2
I (h+ 3% +2)>>2  (3%h + 3¥hy + 4>>3
k -1 (3% + b + 2)>=2 | (h +T¥hg + 4)>3
{J {j +hy+ 131 (h + 3%hg = 2)>>2
1 g+ 3%hy 1 2)=22 (3%h + 5*hy + 413
! -l (3%h + C + 2)>22 | (3%h + C +2)>>2
U (h=C+ )=l (h+C+ )=l
1 (h+3%C +2)>>2 (h+3%C = 2p=>2
17 -1 (3*h + by + 2)=>2 (3% 4C ~ 2)>22
0 {(h+ by + 1)>>1 (j+C+ 1)=»1
! (h+ 3%y +2)>>2 (G +3%C + 2)>>2
i -1 (3% + by + 2)>>2 (3*b 15%by - 4)>=3
0 G+ b+ )=l (b + 3*by + 22
e (G + 3*by + 2522 b+ by 453
° -1 (3%hg +hy - 2)=>2 (3% +D + 2)=>2
0 (ho = by + 1)=21 G+D+ ==l
l (ho + 3%by + 2)>22 {+3*D + 22

Table 1

{0039} In accordance with an exemplary encoding operation to find one-eighth-
pixel motion vectors, il should be noted that encoder algorithm can be opiimized for
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be noted that for this search, the cost function can be modified appropriately to include indication a
one-eighth-pixei-offsel as either 1 or -1. 10040l Therefore, various embodiments can provide a
two-stage interpolatior for all samples with quarter-pixel and finer accuracy (i.e., all quarter-pixel and
finer accuracysamples:bige either half and/or full/integer-pixels in a hi-lineatigigraiatiams This can be
achieved by restricting the motion vectors so that they are not allowed to point every possible sub-pixel
sample on a sub-pixel grid, but rather a subset of those, as described above. [00411 Various
embodiments described herein are described in the general context of method steps or processes,
which may be implemented in one embodiment by a computer program product, embodied in a
computer-readable medium, including computer-executable instructions, such as program code,
executed by computers in networked environments. A computer-readable medium may include
removable and non-removatiteistorage: deviegsr includieidclrnt notdimited tosdRetic: @ahpMemory

(ROM), Random Access MemansdRAM)GRmRactdiscs (RS digitalversatiedisgsi(DVD), etc.
Generally, program modules may include_routines, programs, objects, components, data structures,

etc. that perform paffetF ALk B IRpltHERESarIRN N AHEH L5 YA BP8S. EdMputer-executable
instructions, associatecrdéta, stractirescand programehodules: rdpresent@xamplésohprogram code
for executing steps gf;the. methedsdisclosad Hﬂ%ﬁé&%-&h&%ﬁ&%@&ﬁe%&@ég @fisugh. axecutable

e

instructions or associated data structures represents examples of corresponding acts for implementing
the functions descriBSteRTLeH SEpE BIBRECECEEE" 24 (5321 EYnBEURh EFTSOT THE Biei8titinvention
may be impl_ement(_adoiqn ‘zseﬁm;are;;hafmwa_,r&gam@mdmgiﬁom ajcmmbinatimm@fmfctware, hardware
and application logic; The softwate. applicafion logis.andir hardwate:mav.resisle; for sxarple, on a

chipset, a mobile device, a deskt%p,, a laptop or a server. Software and web implementations of
various embodimenté BAHHEA EXGRHHAEY Witk SARARTE Hrobt &GS WEARGHSs tith rule-based
logic and other Iogidltgilaiecﬁmmﬁ‘sah waﬂau@dﬂt@bﬂs&“—fs@asdiihg steps.or processes,_correlation §teps
or processes, COMPARSAN SIFRS B PIAAESSERARMLIRCISION SIERS ALAIQEESSES, MANQUS,ebodiments

may also be fully or partially implemented within network elements or modules. It should be noted that
the words "componéEPiid hatiiiePRs ied d e rsiaha i tid fORSWmG AT intended to
encompass i.mplemematioms_imilgmaeimemqmuiﬂm{sfﬁiﬂspﬁgmarﬂ:e]@dea ahtjglﬁpmrhamtwwtsem).. .
implementations, and/qr gopinment.foryeceiving manyal inruts.[Q04:3] dndividpal and spgcific

structures described in the foregoing examples should be understood as constituting representative
structure of means fSF &GRS YpEEIR T WestRpENciHTRe TYIIBWRG tHELIZiMesalthough

limitations in the claim&shpultkbetebe interpreted as constituting "means plus function" limitations in

the event that the teygg, imeans: 5 ARLusRANSIE M AddIoNAl. hg 1e6 AL PIMaRIGE” In the
foregoing descriptio 511 uld not bé used to construe any specific limitation in"the claims as
constituting a "step PleReRHCHENT ATmiea6sH" TO e ex e TRkt FdRAduaiy erfest id@uding issued
patents, patent applieaiians pangiRoR-aateni-publicatiansnaiedeseribedwetiofhenyisenmentioned
herein, such referenges, are not nignded and shouldngtbe, nterpreted asimiting . gope of the
following [00441 The foregoing description of em odiments has been preser%te(ﬁ1 or purposes of
illustration and descHptieicd H foraging A eSEnplor 1€ ahdt Mtenaed B0 Bk RatRie affo limit
embodiments of thenpresent iBrensiap:tasthe-precise form sisclasediardmoglifisations and variations
are possible in light of bovye teachings orm acquired fro ctice of various, embodiments.
The embodiments ci%gtt? g%&'ﬁ@?@%ﬁﬁfg‘?% 0sén an ¢ é%}ﬁ Cgﬁﬁ%gg(%%“t%”é@p?gfﬁa&{éedﬁ??ﬁciples and
the nature of variouSerRbodinferits dhd e PHtactear spplicatishtoretidlste e BKilledidFthe art to utilize
the present inventiof i vadieusembedinents. andpsithhvadausinedificationseas-arm,suitad to the
particular use conte gl_attegj.t Tﬁeefea&gresL tQf__thgcem}t?odiS ents described herein may be combined in
all possible combin&tions of methods, gﬁ)p[at?‘a 0s; ‘moaddfes: syl/sn[éms, anaocér‘np&e"r program products.
program modules represent examples of program code {or executing steps of the

methods disclosed herein. The particular sequence of such executable instructions or
associated data structurcs represents examples of corresponding acts for implementing

the functions described 10 such steps or processes.
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WHAT IS CLAIMED IS 1. A method, comprising: determining that a pixel offset syntax
element is encoded in a bitstream and that a motion vector has at least quarter-pixel accuracy; reading
the pixel offset syntax element: calculating a position of a first sample having the at least

quarter-pixel agsusagy:tozwhich the motion vector points utilizing the motiopMeeiarRavingsthe at least
guarter-pixel accuracy; and obtaining a second sample having a pixel accuracy greater than the

first sample utilizing a fractional interpolation structure algorithm 2. The method of claim I,
wherein the second sample is representative of one of at least two additional sample positions
associated with the first sample, the at least two additional sample positions each having an accuracy
greater than the at least quarter-pixel accuracy, and the at least two additional sample positions are
calculated using at least one of a full-pixel sample position and a half-pixel sample position, and

wherein the at least B4é2bt tHERAPRE YR e HBRIGH LRI tHe R AR EshibiagErtion is the same

sample position utilizecitardetarimine the:first samplhednavintstiier at:|dastwquanierfppiebaccuracy.
logic. The software, apphication logic and/or hardwarc may reside. for example, on a
chipset, @ mobile device, a desktop, a laptop or a server. Sottware and web
impiementations of various embodiments can be accomplished with standard
programming techniques with rule-based logic and other logic to accomplish various
database searching steps or processes, correlation steps or processes, comparison steps
or processes and decision sieps or processes. Yarious embodiments may also be fully
or partially implemented within network elements or modules. 1t should be noted that
the words “compaonent” and “module,” as used herein and in the following claims, 13
intended to encompass implementations using one or more lines of sofiware code,
and/or hardware implementations, and/or equiprmernt for receiving manual inputs.
[3043] Individual and specific siructures described in the foregoing examples
should be understood as constituting represeniative siructure of means for performing
specific functions described i the following the claims, although limitations in the
claims should not be mierpreted as constituting “means plus [unction™ Emitations in
the event that the term “means” is not used therein. Additionally, the use of the term
“step” in the foregoing description should not be used to construe any speeific
limitation in the claims as constituting a “step plus function” limitation. To the extent
that individual references, including issued patents, patent applications, and non-
patent publications, are described or otherwise mentioned herein, such references are
niot intended and should not be mierpreted as hmitang the scope of the following
claims.
[6044] The foregoing description of embodiments has been presented [or purposes
of illustration and description. The foregoing description is not intended to be
exhaustive or to fimit embodmments of the present invention Lo the precise form
disclosed, and modifications and variations are possibie in hght of the above
teachings or may be acquired from practice of various embodiments. The
emboediments discussed herein were chosen and described in order to explain the
prirciples and the nature of varicus embodiments and its practical application to

cnable one skilled in the art to utilize the present invention in various ermbodiments
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3. The method of claim I, wherein the pixel offset syntax element is representative of a pixel offset and
the pixel offset is indicative of a position of the second sample, and the pixel offset is predicted based
at least in part on at least one of the following: pixel offset of a neighboring macroblock, a motion
vector differenceaogiedds;the bitstream, and a mode of at least one macroftag@seesnsiids The method
of claim 3, wherein the pixel offset is indicative of a motion accuracy for at least one of a picture, a
group of pictures, a macroblock, a group of macroblocks, and a block in relation to the pixel offset.

5. A computer-readable medium having a computer program stored thereon, the computer program
comprising instructions operable to cause a processor to perform any one of the method of claims | to
4 6. An apparatus, comprising: a processor configured to: determine that a pixel offset

and with various modifications as are suited to the particular use contemplated. The
features of the embodiments described herein may be combined in all possible
combinations of methods, apparatus, modulcs, systems. and computer program

products,
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syntax element is encoded in a bitstream and that a motion vector encoded in the bitstream has at
least quarter-pixel accuracy; read the pixel offset syntax element; calculate a position of a first
sample having the at least quarter-pixel accuracy to which the motion vector points utilizing the motion
vector having the at least quarter-pixel accuracy; and obtain a second sample having a pixel
accuracy greater than the first sample utilizing a fractional interpolation structure algorithm. 7.
The apparatus of claim 6, wherein the second sample is representative of one of at least two additional
sample positions associated with the first sample, the at least two additional sample positions each
having an atthiraéylgfehteltHal the at least quarter-pixel accuracy, and the at least two additional
sample positions are calculated using at least one of a full-pixel sample position and a half-pixel
sample position, and wherein the at least one of the full-pixel sample position and the half-pixel sample
position is the same sAMSIEWoSRBA ilized to determine the first sample having the at least

quarter-pixel accuracyetermining that a pixel offset syntax element is encoded in a

bitstream and that a motion vector has at least quarter-pixel aceuracy;

reading the pixel offset syntax element;

calculating a position of a first sample having the at least quarter-pixel
accuracy to which the motion vector points utilizing the motion vector having the at
least quarter-pixel accuracy; and

obtaining a second sample having a pixel accuracy greater than the
first sample utilizing a fractional interpolation structure algorithm

2. The method of claim 1, wherein the second sampie is representative of one

of at least two additional sampie positions associated with the first sample, the at least
two additional sample positions each having an accuracy greater than the at least
quarter-pixel accuracy, and the at least two additional sample
positions are calculated using at least one of a full-pixel sample position and a half-
pixel sample position, and wherein the at least one of the full-pixel sample position
and the half-pixel sample position is the same sample position utilized to determine

the first sample having the at least quarter-pixel accuracy.
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8. The apparatus of any of claims 6 or 7, wherein the pixel offset syntax element is representative of a
pixel offset and the pixel offset is indicative of a position of the second sample, and the pixel offset is
predicted based at least in part on at least one of the following: pixel offset of a neighboring
macroblock, a motion vector difference coded in the bitstrem, and a mode of at least one macroblock.
9. A method, comprising: determining at least one of an optimal full-pixel accuracy motion
vector and an optimal half-pixel accuracy motion vector; searching for at least one
guarter-pixel accuracy position neighboring the at least one of the optimal full-pixel accuracy motion
vector and the optimal half-pixel accuracy motion vector; applying a cost function analysis to

determine whether a |9W%%99§%€EP$‘P£1£{&C§9m%?e%“ﬁgﬁﬁsd%ﬁﬁlf%g%gﬁ?a%}’ element iﬁi upon a

determination that the lowest cost motion vector has quarter-pixel acturacy, searching for at least two
candidate pixBISHEats fchvrehelbeieadibneieahaitiatéspndrsifsets bpiniimidative of a sample

having an ageurRCgraatendhas She CsRtersRixelacawasy; and encoding at least one pixel
offset syntax element indicative of at least one of the at least two candidate pixel offsets with the

lowest cost¥h ﬁBﬁ’f%Bﬁ%ﬁ”}ﬁ‘éTﬁ%ﬂ%‘ﬁﬁﬁh@ foliowing: pixel offset of a neighboring

macroblock, a motion vector difference coded in the bitstream, and a mode of at least
one macroblock.

4. The method of claim 3, wherein the pixel offset is indicative of a motion
accuracy for at least one of a picture, a group of pictures, a macroblock, a
group of macroblocks, and a block in relation to the pixel offset.

5. A computer-readable medium having a computer program stored
thereon, the computer program comprising instructions operable to cause a processor
to perform any one of the method of claims 1 to 4

6. An apparatus, comprising:

a processor configured to:
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10. The method of claim 9, further comprising, transmitting the pixel offset syntax element when the
motion vector does not point to one of a full-pixel position and a half-pixel position. . 11. The
method of any of claims 9 or 10, wherein the at least two candidate pixel offsets are preghcted from at
least one of the following: a neighboring macroblock. a motion vector difference coded in t_he
bitstream, a mode of at least one macroblock. 12. A computer-readable medium having a
computer program stored thereon, the computer program comprising instructions operable to cause a
- processor to perform any one of the method of claims 9 to 11 13. An apparatus, comprising a
processor configured to: def@misehat repisebasef an

syntax element is encoded in a bitstream and that a motion vector encoded in the
bitstream has at least quarter-pixel accuracy;

read the pixel offset syniax element;

calculate a position of a first sarmple having the at least quarter-pixel
accuracy to which the motion vector points utilizing
the motion vector having the at least quarter-pixel accuracy; and

obtain a second sample having a pixel accuracy greater than the first
sample utilizing a fractional interpolation
structure algorithm.,

7. The apparatus of claim 6, wherein the second sample is
representative of one of at least two additional sample positions associated with the
first sample, the at least two additional sample positions each having an accuracy
greater than the at least quarter-pixel accuracy, and the at least two additionai
sample positions are calculated using at least one of a full-pixel sample position and a
half-pixel sample position, and wherein the at least one of the full-pixel sample
position and the half-pixel sample position is the same sample position utilized to
determine the first sample having the at least quarter-pixel accuracy.

8. The apparatus of any of claims 6 or 7, wherein the pixel offset syntax
element is representative of a pixel offset and the pixel offset is indicative of a position of
the second sample, and the pixel offset is predicted based at least in part on at least one of
the following: pixel offset of a neighboring macroblock, a motion vector difference coded

in the bitstrem, and a mode of at least one macroblock.
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optimal full-pixel accuracy motion vector and an optimal half-pixel accuracy motion_vector; segrch for
at least one quarter- pixel accuracy position neighboring the at least one of the optimal Cull-plxel
accuracy motion vector and the optimal half-pixel accuracy motion vecto.r: apply a cost function
analysis to determine whether a lowest cost motion vector has quarter-pixel accuracy; upon a
determination that the lowest cost motion vector has quarter-pixel accuracy, search for at least two
candidate pixel offsets, each of the at least two candidate pixel offsets being indicative (_)f a sample
having an accuracy greater than the quarter-pixel accuracy; and encod_e at least one pixel offset
syntax element indicative of at least one of the at least two candidate pixel offsets with the lowest cost

motion vector in a bitstreaMnethod, comprising:

determining at least one of an optimal full-pixel accuracy motion
vector and an optimal half-pixel accuracy motion vector;

searching for at least one quarter-pixel accuracy position neighboring
the at least one of the optimal full-pixel accuracy motion vector and the optimal half-
pixel accuracy motion vector;

applying a cost function analysis to determine whether a lowest cost
mation vector has quarter-pixel accuracy;

upon a determination that the lowest cost motion vector has quarter-
pixel accuracy, searching for at feast two candidate pixel offsets, each of the at least
two candidate pixel offsets being indicative of a sample having an accuracy greater
than the quarter-pixel accuracy; and

encoding at least one pixel offset syntax element indicative of at least
one of the at least two candidate pixel offsets with the lowest cost motion vector in
a bitstream.

10. The method of claim 9, further comprising, transmitting the pixel
offset syntax element when the motion vector does not point o one of a full-pixel
position and a half-pixel position.

11. The method of any of claims 9 or 10, wherein the at least two candidate

pixel offsets are predicted from at least one of the following: a neighboring macrobiock,
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14. The apparatus of claim 13, wherein the processor is further configu_red to trfa_nsmit the pixel (_Jffset
syntax element when the motion vector does not point to one of a full-pixel position and_a half-pixel
position. 15. The apparatus of claim 13, wherein the pixel offset_ §yntax element is
representative of a pixel offset and the pixel offset is indicative of a position o_f the _second sample, and
the pixel offset is predicted based at least in part on at least one of_ the following: pixel offset of a
neighboring macroblock, a motion vector difference coded in the bitstream, and a mode of at least one

macroblock. _ ) ) )
a motion vector difference coded in the bitstream, a mode of at least one

macroblock.

12, A computer-readable medium having a computer program stored
thereon, the computer program comprising instructions operable to cause a processor
to perform any one of the method of claims 9o 11

13. An apparatus, comprising

a processor configured to:

determine at least one of an
optimal full-pixel accuracy motion vector and an optimal half-pixet accuracy motion
vector,

search for at Jeast one quarter-
pixel accuracy position neighboring the at least one of the optimal full-pixel accuracy
motion vector and the optimal half-pixel accuracy motion vector:

apply a cost function analysis to
determine whether a lowest cost motion vector has quarter-pixel accuracy;

upon a determination that the
lowest cost motion vector has quarter-pixel accuracy, search for at least two candidate
pixel offsets, each of the at least two candidate pixel offsets being indicative of a

sample having an accuracy greater than the quarter-pixel accuracy: and
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encode at least one pixel offset

syntax element indicative of at least one of the at least two candidate pixel offsets
with the lowest cost motion vector in a bitstream.

14. The apparatus of claim 13, wherein the processor is further
configured to transmit the pixel offset syntax element when the
motion vector does not point to one of a full-pixef position and a half-pixel position.

15. The apparatus of claim 13, wherein the pixel offset syntax element is
representative of a pixel offset and the pixel offset is indicative of a position of the
second sample, and the pixel offset is predicted based at least in part on at least one of
the following: pixel offset of a neighboring macroblock, a motion vector difference

coded i the bitstream, and a mode of at least one macroblock.
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