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WEDORDFTY® BACKGROUND Fi el d [ 0001] The present PCT/US2007/082809

application is directed to nultinedia signa

processing and, nore particullarly, to video encoding.
Background [0002] Multinedia processing systens, such
as _video encoders, may encaode nultimnmedia data usin
ARBARATIS 3D MEFHOD OF RERUGED REFERENCIERAME
as MPEG x and SRARGCGHaNaVIBEGENCGODINGg net hods
generally are directed to conpressing the nultinedia
data for transm ssion and/or storage. Conpression is
broadly the process of rBASKGROUMANdancy fromthe
fild. [ 0003] A video signal may be described in terns

a sequence of pictures, which include frames (an

g‘Iﬂﬂil} eefgﬁed%fﬁsﬁét) appgieatiqngis giregigd fo m mpdie éﬂng}c@facv&ag&nd, more
?&ﬁ@@ﬁﬂ?ﬂﬂﬁ&k%%ﬁco@ﬁglds of alternating odd or even

Ines of a picture).” As used herein, the term"frane"

is broadly used to refer to a picture, a frane or a
BaekghouMil ti medi a processors, such as video encoders,

may encode a franme by partitioning it into bl ocks or
{WZ?@} ob¥leldiRediagfprocepyng esateplse, Sufgx 8% Y| gicodyp may encode

- her t L - I [
ERERRGk: T LhE JEoRAL MO, BAR SR AORAGE Mhidlrds such as
aidiGixomal Bpbblsnalsds. FoSuchx amjoldig ntholds agksrallf @c directed to
macr obl.ock may i nclude 16x8 and 8x16 subbl ocks. o
SRIBPICEENR thy njulgmedy 1dsitas doyh raRseaissiery apder wépsags g Compression is
rei.n, the term

PRI IG rop BN rpEnb lhg RetnfBurk SRR R, L7C b1 bk

[@00}] Alivitzo sentdahaygberaédeniled donpime s aviad@encei @h@ibtsires, which
by using | ossless aor | ossy. conpression algorithns to ]
g)@ﬁargi,eefgagneéa(gﬁ CRiSRACTYFO) pPToledds G 2.+ prointeriagad video stream comprises

FBfds %F faﬁ&ﬁ@tnéc | RGER ?ﬁéssofta?_]?lgfr?rlg&)g 'oﬁgklgthsgd hERTE (SRS “frame” is

ata fromt rane. nter- refers to
proadiyciiscil @o etfeoi a@icwbeatsnikuaia &slds cMealtizsedidptocessors, such as

conpri se _encoding a frame based. on ot her . .,
videp ERendEEs; may AR @ R by RApItionng i ao blagkaps Brqrabocks” of,

et Ndhdp1d, ?%P(? gﬁxelsf. CGHOARNGK, h&g}“ﬁwgr né%ﬁﬂg@ gggft?‘ﬁla%%lbck into

other rn npor al sequence

bbdddckp.orBachrabllbeld numtfalthar comtprise astlitpaslt $ubblogksrafoh example,
Slﬁ)%tl]oc%ts% ra' mgcr}g‘t?l%glg ?naglal?lcltugé( e16x8 and 8x16 subblocks. Subblocks of the
8x16 subblocks may include 8x8 subblocks, and so forth. As used herein, the term
“block” refers to either a macroblock or a subblock.

[0004] Video encoding methods compress video signals by using lossless or lossy
compression algorithms to compress each frame or blocks of the frame. Intra-frame
coding refers to encoding a frame using data from that frame. Inter-frame coding refers
to predictive encoding schemes such as schemes that comprise encoding a frame based
on other, “reference,” frames. For example, video signals often exhibit temporal
redundancy in which frames near each other in the temporal sequence of frames have at
least portions that match or at least partially match each other. Encoders can take
advantage of this temporal redundancy to reduce the size of encoded data.

[0005] Encoders may take advantage of this temporal redundancy by encoding a

frame in terms of the difference between the frame and one or more reference frames.
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reference frames in video encoders, SUVMARY [0007]

acduerrgoEY sty scaghing of rohwensdranagsan yislep sagoders.
descrlbed herei n each have

SUMMARY
[0007] The examples of the system, method, and devices described herein each have
several aspects, no single one of which is solely responsible for its desirable attributes.
Without limiting the scope of this invention as expressed by the claims which follow, its
more prominent features will now be discussed briefly. After considering this
discussion, and particularly after reading the section entitled “Detailed Description” one
will understand how the disclosed features provide advantages that include more

efficient, lower power, and/or faster video encoders.
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Q@ can es&cdﬁ&r ]fn par.at us further conprises a
gggssor on |§§ o conpare at | east one of the
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0011] One aspect conprises a nultinedia data

r Qﬂiﬂé@é@ﬂ ns)mmnr ¢fsq ﬁf@ma te oriiliglityaef wicrencs feaspgsarEhcgportion of the
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reference frame fromthe plurality of reference franes

pEses abrasttnac ©b theasubperioanipsed on the selected reference frame.

[0012] Another aspect comprises a machine readable medium comprising instructions
for processing multimedia data. The instructions upon execution cause a machine to
compare a portion of a frame to a plurality of reference frames. The portion of the
frame comprises a plurality of sub-portions. The instructions upon execution further
cause a machine to select a reference frame from the plurality of reference frames based
on the comparison and process at least one of the subportions based on the selected

reference frame.
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iyl

Lo8t P REee s T o A B SR AP B o RAIBRLO an gparans
a8 pkd)des&tmg altde@l data irra@ordande with@iGhethbdilfustrdted $n Bigure 3.
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etrgetfl&f 1et-h djnf IhHﬁi%t yated in Figure 3. [0017] Figure

fow ¢ art ustrating in nore detail a
[0 8] oFigfrc 6rniea Exanghe ilbdstratihg immbieadttdil 4 petivabeandthicr example
Fi.gure 3. 018] Figure 6 is a flow chart illustrating
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3. DETAI LED DESCRI PTI ON [ 0020] The foI | owi ng detail ed
description is directed to certain eci fic aspects of

the invention. HowdEFAILIRR DE}S@RII? Nan be enbodi ed
L@\%g} n’:fhtglfg];f Wwin fdegllllfegi a%secﬁi)ﬁg\rl?ys Odn%%tedqg c'err‘gaﬁg @efcgﬁc a é)ects of the

Ia I s, escri eren

insrefitasie H@w&m thel irah AGHS camigs &hbbdléd(ﬁ mmtﬁuc&r@f different ways as
desi gnated with |ike numerals thr oughout. In the
defineawinsly ceressed bt therclaigpecilt ithis ddssaintnarefegingers reade to the

Brra%\{ﬁg%ewﬁetteﬁlo h %Qrtg rhqg rd%&%ﬂeﬂe&‘ gNlﬁI like numerals throughout. In the

following description, specific details are given to provide a thorough understanding of
the aspects described. However, it will be understood by one of ordinary skill in the art
that the aspects may be practiced without these specific details. For example, electrical
components may be shown in block diagrams in order not to obscure the aspects in
unnecessary detail. In other instances, such components, other structures and
techniques may be shown in detail to further explain the aspects.

[0021] Moreover, it is to be recognized that depending on the embodiment, certain
acts or events of any of the methods, processes, block diagrams, and flow charts
described herein can be performed in a different sequence, may be added, merged, or
left out all together (e.g., not all described acts or events are necessary for the practice

of the method). Moreover, in certain embodiments, acts or events may be performed
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102 and encodes that signal for transm ssion on the
H¥YR&br #n flgg example, the decoder device 150 comprises a processor 152 coupled to

a memory 154 and a transceiver 156. The processor 152 may include one or more of a
general purpose processor or a digital signal processor. The memory 154 may include
one or more of solid state or disk based storage. The transceiver 156 is configured to
receive multimedia data over the network 140 and provide it to the processor 152 for
decoding. In one example, the transceiver 156 includes a wireless transceiver. The
network 140 may comprise one or more of a wired or wireless communication system,
including one or more of a Ethernet, telephone (e.g., POTS), cable, power-line, and
fiber optic systems, and/or a wireless system comprising one or more of a code division

multiple access (CDMA or CDMA2000) communication system, a frequency division



[0024] In this exanple, the encoder device 110
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hOO%ghogk u;@zz graphically illustrates an aspect of a
et ncodi ng a portion of a video frane in a
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In Figure 2, a frame 170 may be divided into a nunber
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S SR

pidotit theofsmefl 70rBE61bbragke KD 13$ of U946k $70. 104 cirgple of the
referred to herein as "blocks" and referred to )
esioderct §0Rancodes the flaredl78rig derfg of blocks that include blocks of sizes such

as 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4 (but other sizes may be used). The encoded
frame 170 may comprise a partition of the frame 170 into a set of encoded blocks 171
that encodes substantially all the pixels of the frame 170. The encoded blocks 171 may
be of different sizes and selected based on a cost function that allows comparison of
different encoding strategies based on a weighted average of factors such as encoded
data size and resulting distortion of the image.

[0028] As noted above, one way of predicting video frames is using motion
estimation algorithms that take advantage of temporal redundancy in video data to

encode the frame 170 based on at least partially matching blocks 171 from one frame to
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n0ﬂ89] n Toxectwoderor 0 rreﬂserceh@ t¢ mpotos  CqMpesationrdgta, ¢.g., motion

ctorl% ni _}‘iSIélfal_? hfgr ach E?Dug lrﬁtfi bq léé sg?l?tag q%ﬁ()h 21691% 8x16, 8x8,

Bﬂc atxi808nd Bx 4 okB C(pﬂﬁdonsf) rofnBe bchkks NGt e THeadncbBler 110 may first
vari ous aspects noti on estimation algorlthns may use

ededptenibe m(?tmegommnsmm dgterfer b blaeks: &7 Heg. cdéxhﬁatthen for

fter he fr {0 4Nt
HOTEe2h8 ik AL, 40P o IR et STy plocks. e
164818x®fct@ T ¢rRBderViaOtcan s¢lBetiagRiltiduear PhrtRRSIdriset#lthe blocks 171

dlfferences bet ween the block 171 and the bl ock 176
ahenc pegiogusireddehcover substaptalbr all o thy frpme drifeslhe encoder 110

) D A5 Rt B S O B el e

18f eagdcseh hroaasefuhéden, d@uadatendistortldnSRDY fididGoI thBDESEprises a
references franes 174 (e.qg., references franes 174a,
meagre of that tradepadft befgen m@ﬂmgmée Pk distortian basgeres theyancoding

qay s&g o? atf?a%)eog%érgor? 59&1 quanké S‘stlngo ; p£1"t1@£'i§§ set of motion vectors and

residuals for a particular set of the blocks of the frame and corresponding estimates of
the resulting image distortion. Encoders 110 may use any suitable cost function,
including those known in the art. For example, suitable cost functions are disclosed in
“Rate-Constrained Coder Control and Comparison of Video Coding Standards,” IEEE
TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY,
VOL. 13, NO. 7, 688 (July 2003). The cost functions may comprise, for example, rate-
distortion functions, smallest residue, and/or sum of absolute difference (SAD)

functions.



that are before or after the frame 170 in the video
signal. As shown in Figure 2, the encoder 110 nay

waeoowpasmsie he bl ock 171a of the frame 170 to theBCT/US2007/082809

reference frames 174 to identify correspondi ng bl ocks
such as the block 176 in the Brame 174c. [0029] The
encoder 110 nay cal cul ate notion conpensation dat a,

d resi dual s,
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Video Coding Standards," |EEE T NSACTI ONS ON
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ﬁmiel fd%hnﬁ&ﬁ _kéibk%nceaﬂdﬁl@rlnsthm @he@mcﬂdﬂﬁe@ "o BRENCE It is to be
(SAD). functions. WO 2008/057819 PCT/ US2007/ 082809 8

{wom]ﬂedihg%lés nser%ly fillusiyat raend that amepﬁtm%guaemtmﬁ values of the
%h)%%g@) 51%61,]%ara eter ge%% rOfit 1§ Qozlg drecggm rreu(f %a{%g ran Oaé’ be have a
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b tiaitpef as fraﬁlebhﬁﬁk lcﬁ)ﬁer @nﬁ batR, se@u@ce dhethb |fﬁﬁ{é iddnkiFied as 1
of franme 170 as illustrated in Fi%ure 2, to each of a

pidsan egpe lipafel tengeme piihe spp@ cgd of fheanaucnea.4. &fthFi&@meeN

@??}a %ﬁﬁ‘ﬁ( Iatf d br%k?ﬁ?lg\ede%%gd quO gce %htn]g %t%%e %lf ?l‘i:e subportions,

e encode searc

¢ ef, auBhleksf baswdsonlthd sefe@fed pefetdnon S“ra&téC hTias eﬁd’dﬁelbhﬁﬂ korocess the
176 of the franme 174c that at | east partlallé§natc

suiblodkp by leomparing theesubdlagkspfisherme40 te He sshstsderferenge frame
§oek”38ta§1 é’[nl%aé%fpawgﬁlyr 81 ?c'hﬁ{écgm‘ftloﬁ”ﬁ%% of the reference frame 174. For

example, the encoder 110 may compare each subblock of block 171a, e.g., subblocks of
size 16x8 and 8x16 only with the selected reference frame 174. Thus, the encoder 110
does not need to search all five of the reference frames 174 to encode the subblocks,
thereby reducing the processing complexity while not substantially increasing
distortional effects.

[0032] In addition, the encoder may also compare the subblocks to a subset of the
reference frames 174 as discussed with reference to the method block 224. For

example, if the frame 174c¢ is identified as the reference frame for the 8x8 block 171a,



174, e.g., the reference frane 174c, that has the

| owest encodi ng cost function for interceding the
whb@sksBT4L a. In addition, the encoder 110 nmayPCT/US2007/082809

optionally select a subset of the reference franes

174 based on the sel ected ref@rence franme. For
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partitigr, SEkeet ed|InafLsene %xﬁﬂhgléeof iR thadeaniet tre@sheoder 100
partlally mat chi portion 1/6 of the reference frane

gqmprifes @ meduderple %Ol“t ¢oennanog dmomqroOfr&yframrtpair@u@él@hof reference

Bt By O o Rdimegs BivrsBe BHBF St e BB §l Roerenced

firBthSs, dnlde RBEAEV6LBP protegsnat I e tof tBE ApBrtdink based on the
five of the reference frames 174 to encode the
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8?1%111 do {0[ %%g%rg Irallt II)OIJ&8X of 'k rglt%ﬁl nengfgl 1ty %Fenge frames. For

1 on,

EQUIRAE, etht: godaUb DO D Elas ﬁeefoan&u@a@tk d@s‘cuﬁsla@ wﬂﬁf&éx@ﬂ@eeto the block
franmes 174 as di scussed with reference to the nethod

BrbekFigpwe 3. FEhe megdulepiOd for seleasagfarrgfpsenty 4njesmay be configured to

5L T Ee0erbaSst 8 AP Rt ubabe SBrotidnd fies 174 cec
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084 cogtiefﬁgé)[%fn: a%uc{e Hef aBgeéef Ot &?&QI?Jéaéa{n%]&lecftlng module 304 may

searc erence ranes
also be configured to select a subset of the reference frames based on the identified

reference frame, e.g., frames j-1 to j+1, where the reference frame is identified as frame
j in a time-sequenced series of reference frames. The module 306 for processing
subportions of the frame may be configured to process at least one of the subportions
based on the selected reference frame 174, e.g., the module 306 may perform the acts
described with reference to the block 228 of Figure 3.

[0035] Table 1, below, illustrates simulated results for a number of examples of

encoding methods in which the search of the reference frames 174 is reduced for



sel ected reference frames, or only a subset of the
reference franes. The encoder 110 may sel ect these

wa@ eouiopmi9 ons based on, for exanple, the size BET/UR®07/082809
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Rt2) o PEERES Al B8 iy Pecirbry AP o skt dxample of the
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tdehdd fraflcsor Ehcddg datd for @ 1ok IEbHISEK e Rt B&/ fr@Se Ods providing
reference franmes. The nodul e 306 for groce55|ng

8 lyparlur ohs cont funeticnr farencpsinepide dont¢ blocked The lyrest Balye may be
ﬁlte 1'0%%§tt ca‘f?uefatgcﬁ c&g}e a%"ebp?\feg(t %{]§62 gt%? %éggnh@dées'uﬁ&%&% of the
rane 'g., e~ nodul e may pertorm

V
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Figure 3. [0035] Table 1, below, illustrates sinulated
f#3ul ts for a nunber of exanpl es of encodi ng net hods

@340 8 b S 300y B G DR GE (R TR I of the method
204 of Figure 3. The third example corresponds to Example C and comprises a method
of reducing reference frames used for encoding 16x8, 8x16, 8x8 blocks and sub-8x8
blocks. The method of Example C includes the acts associated with items 360 and 362
of Figure 6 to reduce searching for 16x8 and 8x16 blocks by searching only the selected
reference frame j. Next after computing the encoding cost based on reduced reference
frames for the 16x8 and 8x16 blocks at 362, for each of the 8x8 subblocks of the 16x8
blocks and the 8x16 blocks, the encoder 110 searches, at 374 in Figure 6, a set of

reference frames temporally adjacent to the selected reference frame j, e.g., within one



10 searching bl ocks of various sizes. Table 1 conpares

the costs of searching all N reference frames for al
whb@skssizes versus three exanpl es of the net hedeusf007/082809

reduced reference franme searching disclosed herein.
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8x4, 4x4, 4x8 blocks). [P H gure 6 Is a f|OMIChart
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20Anohatfeingur|e Bitrathe | seXdnd2éxanP2EoLr r e2B8rddSS5t o 223.8705
Exanple B in Ta%} l|and conprfises a net hod of
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encoding dgrapiRRR 16X8] RYS [BREl4GRRE0| DIRCHBTRTOT 3626227
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frames for encddBmg data for a 16x16 bl pck and
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ct
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of the net had i 3T i d -
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reduci ng refleregidBg franes used [for encogi ng 16x8,
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Exanpl e C inclkaelythe acls assloBORICH i thiiedéfs (369203552
and 362 of [Fi BZ 6 |to reduce |searching for 16x8 jand
8x 16 bl ocks by searc¢hing only |the sel ected referience

frameeys Next Bfttaeds ¢onpoit.85m theozeseed| npoedd07 baserh2.9838

on reduced rlef erence
(kpbs)

PSNR 38.31485 | 38.46045 | 3834122 | 38.38856
(dB)

Penalty 0 -0.13654 | -0.0332 -0.05107
(dB)

Sports Bitrate | 2503261 | 250.5926 | 250.8334 | 250.9431
(kpbs)

PSNR 33.76418 33.70399 33.67024 33.59318




frames for the 16x8 and 8x16 bl ocks at 362, for each

of the 8x8 subbl ocks of the 16x8 blocks and the 8x16
whb@sksisie he encoder 110 searches, at 374 in FpQUNUS2087/082809

a set of reference franes tenporally adjacent to the

sel ected reference franme j, e{%., wi thin one WO

2008/ 057819 PCT/ U82007/ 082809 11 frame for the 8x8

oubbl GCIT\S y I I U.(l UIII ||u/\\ O, j J.} tU II II\I\:J. 'I ) .
Moving to 378 dBEe =ncoder 110 sel ects|the reference

frame i havi ngPetngﬁ rowest pencodi &8st [T Qf 1RBRE  BXD 18334
bl ock. Next |at 380y flor the subbl ocks of tQL (ﬁ@g '

bl ock the encadBy 110 searches only the reference
fr 1 fAr pa¥a I oVl dat o [ AN Tha clm £aY

1 d
o RBOIErs dnoBgEHar bt ciP 2Bt gy bR | v e | SR8
encggdnrﬁg and gﬂ’%gﬂ nange of 32x32 p| xe T

ref erence A |an8SRRf r anex. 12408 nat BDOSHI3t [ at 81.9276 102431.93628
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\/
S .
Content type S all N Exanple Exanple A Exanplle C
a
3
36. 40682 36.|36378)36/26227 (dH) Penalty 0 0.07003p

0.103732 0. 2T (uB) Mgsi c i {7

241, 1545 240, 23891540, 4  Ckpbs)| PARETSG TR | gLaseots
35. 93545 35 871@B)(dB) Penalty [0 0.081692 0. 136466
0 203552 R\ News Bitrate 201 852 20213049 201 5107

2§2b@@é8Vle KpbBiratsNR 38339485 [38348dIAs| 382330830 | 238.5083
38. 3B8RAI (dB)@pbg

PSNR 37.6586 37.71595 37.61822 37.53846
(dB)
Penalty 0 -0.03942 0.041532 0.131806
(dB)
General Cable Bitrate 237.567 234.5901 236.9851 236.7844
Video (kpbs)
PSNR 35.64185 35.47642 35.5201 3543013
(dB)
Penalty 0 0.105892 0.110112 0.196068
(dB)
Avg. Penalty (dB) 0 0.03041 0.081728 0.152207

[0040] The three illustrated examples provide different tradeoffs between reference
frame searching complexity and encoding quality. Among them, the method of
Example C has the lowest complexity at a PSNR loss of only about 0.15dB.

[0041] In view of the above, one will appreciate that the invention overcomes the
problem of encoding multimedia data such as video data. For example, the reduced
scarch of reference frames according to one aspect reduces the computational
complexity of video encoding without a substantial loss of video fidelity. Therefore,
video encoders can use lower power, lower latency, and/or less complex processors and

associated electronics.
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Bitrate 250.3261 250.5926 250.8334 250.9431 (kpbs)

WEINR03B146418 33. 70399 33. 67024 33.59318 WO PCT/US2007/082809

2008/ 057819 PCT/ US2007/ 082809 12 (dB) Penalty O
0.06552 0.104086 0.18334 (dB)3 Cable Sports Bitrate
258. 1204 257.9902 257.4172 258.2838 Channel (kpbs)

32.12103. 32,.05273 31.9976 31.93628 dB) Penal t
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Bisclos@i3Ber2in0mey bS3PplemS18D6s cledByniGdnetvadre,Calphiter software, or
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Penalty (dB) 0 0.03041 0.081728 0.152207 [0040] The
ti¢ncobed dhays igendrelly axtarms eSthpir dunatienality f Vieathertsneltl Buicfignality is
between reference frane sea chi(gsg compl exi t

WS@F?{[ﬁd dt alila}rii\sy'flre A Y TYHE HCPERS HRYTH 8?“%“1%‘9 %pplication and

design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the
scope of the present invention.

[0043] The various illustrative logical blocks, modules, and circuits described in
connection with the aspects disclosed herein may be implemented or performed with a
general purpose processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thercof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e¢.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[0044] The steps of a method or algorithm described in connection with the aspects
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory, registers,
hard disk, a removable disk, a CD-ROM, or any other form of storage medium known
in the art. An exemplary storage medium is coupled to the processor such the processor
can read information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The processor and the

storage medium may reside in an ASIC. The ASIC may reside in a user terminal. In



Exanple C has the | owest conplexity at a PSNR | oss of
only about 0.15dB. [0041] In view of the above, one

wowdos/0sqspy eci ate that the invention overcones PEEUS2007/082809

probl em of encoding nmul ti nedia data such as vi deo
data. For exanple, the reducett search of reference
frames according to one aspect reduces the

onput at i.ona [ f video encoding without a ..
G BRI oS BRORGH il frastege TheRinr e el discrete
SORASIRES ik @NsSEmhipyer power, |ower latency, and/or
| ess conpl ex processors and associated el ectronics.
18043posr %ﬁl&&@u?@éﬂ@ﬁ@@ﬁﬂ)@@afsglosaBas[p(e(MZ@ pﬂ'dwi)@el tofenable any
j |ze that the various

Kill l].
Poyrbatile] BUREAN Ttk &2 s hE el hSgion) gl R fiodificatons to

HeSPasseachilpad feﬁd@@@ﬁﬁ%htofb Wdsb dkhfdagPafkt &t, and the generic
di scl osed herein may be inpl emented as el ectronic

hiandples defimpdnpntie maydfet apmtied tapther @nb®d1mems n@tlm‘ut Benating from

o clearl ill rate thi i nt er changeabi
T2 S S oL Tl Rlshgions, o, BeyTHRGEE PR ppdais Hot intended to be
GRIRONE M S aspBt GKSwn MRRKH 886 isCtb "Héudc"c&deérﬂl@e aﬁ&eﬁsdw Qonsistent
been described above generally in terns of their
withchd pmediplesandipethisatuseschsclasad bersmal ity i s

IR oo P o 4B i S TRt S cBRETY SnBef s Baipred out
ﬁ@ve‘l haur@vebpite inY§tidMas %Fbl'léde@ Birfou$ §pciiBN will)caRBEstood that

the described functionality in varying ways for each
pmqusmmnlam@p pubs@attlom angyghaggrshin thmﬁd)t@n@m detads of the device or

SRR Pl R Mol L BhfY BESCRBR AFOVROE Rappting from the

kRRdet th@hﬁvéﬁﬁbhOU% Wil Bistdcagiy®l, hirgpesdnt Rv@EKSn may be embodied
modul es, and circuits described in connection wth

witbinas ot thatiiless| nos e vide ali of theyfeprdsmpddivnefite detoﬁorth hereln as

erforned with, a ROSE Df OLesSo, a
BT S CRALBE v BERS TP e BAR SR CROT; Bhey o ThE'stébe of e
iRl 9adisated Bl ithd Applefided daiiselathep ﬂﬁﬁr@ﬂfﬁ@%t@g&ﬁg @escription.
array (FPGA) or other progranmmable | ogic device,
dullsxhﬂ@geé vrja@le ceype withpsths menaningging rartge@% rcativalsaexiofthe claims are
q?n%) %W]?h ny cconbl nation thereof designed to
pe or e T uhc %gp%escrlbed herein. A genera
pur pose processor may be a microprocessor, but in the
alternative, the processor may be any conventi ona
processor, controller, mcrocontroller, or state
machi ne. A processor nmay al so be inplenented as a
conmbi nation of conputing devices, e.g., a conbination
of a DSP and a m croprocessor, a plurality of
M Cr oprocessors, one Or nore m Ccroprocessors in
conjunction with a DSP core, or any



ot her such configuration. [0044] The steps of a nethod
or algorithm described in connection with the aspects

walk@slossed herein may be enbodi ed directly i n Per/dszne)s2809

in a software nodul e executed by a processor, or in a
conbi nation of the two. A softdware nodul e may reside
in RAM nenory, flash nenory, ROM nenory, EPROM
menory, EEPROM nmenory, registers, hard disk, a
renovabl e di sk, a CD-ROM or any other form of storage
medi um known in the art. An exenplary storage nedi um
is coupled to the processor such the processor can
read information from and wite information to, the
storage nedium In the al tHiABMBve, the storage
medi um may be integral to the processor. The processor
and the storage nediummay reside in an ASIC The
' i@ a user termnal. In WO 2008/ 057819

g@#%62§%89%8%§§%5§'14 the alternative, the processor
and the storage nedium may reside as discrete
conponenétiiod Bf grob&sihgtn@ilffinddila.dafadOskhprisilie pr evi ous
description of the disclosed aspects is provided to )
enabl eorapafingpe padien SKia frame fto ateralipyt oft isTavencs fsrmags wherein the

r ' | | [ f.ications to these
QQ%SQP@%!}%@%%&F@&%? w@%%i?ﬁsn@?’%%ﬁ%se skilled in
t he ardlectiapd: tehee@enedne fropr the Glphks cfatichade Tnhedsbased on the
may be applied to other enbodi nents w thout departing
£BPATISPREEpi rit or scope of the invention. Thus, the
prese
Phe abssPERThARR oE ofPle 4RbSRERF LG4 BE e lelBglRence frame.
wi dest scope consistent wth the principles and novel
features disclosed herein. [0046] Wil e the above
det ai TBemgRweaf Sd318y0. reheren selpctingdBe Fafgrerce fape pronprsss

Qéfécting Qv ﬁlbsgte(?‘; f’ﬁre iqrtgfe\?énlcf; I?ﬁaéﬁeg,\é %g&ieﬁpg%%?ﬁgll%l 1.jhg C!lt §&st one of the

vari otis aspec rsto vari ous
autipsiicnn $s basedsi tHeubsnsf thancfeahanfiesics.n t he form and
details of the device or process illustrated nay be

made by those skilled in the art w thout departing

rom 4 he i j.on: ' :
gt BT Rl S AE N RRing e e of o suporions
vorhpriisesa form that does not provide all of the

features and benefits set forth herein, as so

f eat uPLLCHRgP éSthélé&%g}e %P%P%@édeéé%lﬁ? Bpwes onflom

ot her fheSROREICRY ohBBT tH iBs batcld BHEALEAI YN the at lcast
the apoSHACE i B oot ShPREMCNERVNER, fied SELERRENh theat leas
oesefithptuteat. Al | changes which conme within the

meani ng and range of equivalency of the clains are to

be enbraced within their scope.

4. The method of Claim 0, wherein the plurality of reference frames define a
temporal ordering and wherein the subset of the reference frames comprises at least two

adjacent frames in the temporal ordering.

5. The method of Claim 0, wherein processing the at least one of the subportions
comprises comparing the at least one of the subportions to at least part of the selected

reference frame.



WD 2008/ 057819 PCT/ US2007/ 082809 15 CLAIMS WHAT IS
CLAIMED I'S: 1. A nethod of processing nultinedia data,
W@ w05 BINg: conparing a portion of a frame toPEr/US2007/082809
plurality of reference franmes, wherein the portion of
the frane conprises a pluralily of sub-portions;
selecting a reference frame fromthe plurality of
6ef er €he encticrin®SClaas € wirrdihehe patiparcbsprisesanthacro-block and the
processing at. | east one of the subportions based on
RH@OR ke CoRATIeRBPORED frame. 2. The method of O aim
0, wherein selecting the reference frane conpri ses:
sel ecting a subset of the reference franes, wherein
pr oce$be¢ maethdik ofitClhieadt wireciofthd pertiohubpopriseors sutblock and the
based. on the subset of e reference franmes. 3. The
HGW%FO@PQF%@&%‘P%F%S R&ssing the at | east one
of the subportions conprises: selecting at |east one
of the subset of the reference franes; and processing
8he atht emgtodari€’laim 6,fertbermporprismasalvabdidg ah cheaisig metric for at
E%rt%% on thg a%,least one of the subset. 4. The
ttibargtioeehihg fmeherein the plurality of reference
franes define a tenporal ordering and wherein the
subset of the reference frames conprises at |east two
adj ac€h¢ nfettentes Clain 3¢ whergposadéctiogdbe rafgrenée frame is based at least
nmet hod of ClaimO, wherein processing the at |east one
B?ﬂyﬁét@hﬁﬁ@&?ﬁéﬁ§ﬂ°conprises conmparing the at | east
one of the subportions to at |east part of the
selected reference frane. WO 2008/ 057819
PCT/ USRO 02828 Jaind 8, wherTingherendvddhgomet@icas bag@d on at least one of
erein the portion conprjses cro-bl ock and the
Bt stodii i B e R The et hod of | Orai m
O, wherein the portion conprises a subblock and the
subportions conprise subbl ocks of the subblock. 8. The
et hodnaepbp@hais forqro¢assing erlicmegina idsfangpne@iseg: at i ng an
encoding netric for %t : :
medns comparing a portion of a frame to a plurality of reference frames, wherein
the portion of the frame comprises a plurality of sub-portions;
means for selecting a reference frame from the plurality of reference frames
based on the comparison; and
means for processing at least one of the subportions based on the selected

reference frame.

12.  The apparatus of Claim 11, wherein said selecting means is configured to select
a subset of the reference frames and wherein said processing means is configured to

process the at least one of the subportions based on the subset.

13.  The apparatus of Claim 12, wherein said processing means is further configured
to:

sclect at least one of the subset of the reference frames; and

process the at least one of the subportions based at least partly on the at least one

of the subset.



| east the portion of the frame. 9. The nmethod of C aim
8, wherein selecting the reference frane is based at

wo e@ss7spartly on the encoding netric. 10. ThePorURmd7/082809
of Claim8, wherein the encoding nmetric is based on at
| east one of distortion of ehtoded data and size of
encoded data. 11. An apparatus for processing
il t i Tediappaatua of Chapr | X wigkreinetha phaoling asfi ofgréncp dranmesndefine a
of aframe to aplwahtyofrehﬂgmefrmms wherein

tmpopd ordsmesnd pvierein resubtiief theasiesense diages compises at least two

ecting a reference frane
%y%ﬁ@?ﬁhhe$ﬁy% It %9ﬁ¢?%%ence frames based on the
conpari son; and neans for processing at |east one of

t he subportions he sel ected  referenc
ﬂ? amel Eﬁigpp&r%s a€§ tldswi.‘}?re@ RHPTPECSSIgPEANS s Hirgger configured

‘LS @gne”zﬁqgaf%t bie 6PMHe! dﬁ mﬁ@t‘f‘ioh@tosa@cl 185k rpaﬁl oF YRS §dle@dd reference
the reference frames an erein said processing nmeans
frameonfigured to process the at |east one of the
subportions based on the subset. 13. The apparatus of

G aim 12, wherein said processing neans is further

nf : Q‘Hé Q ar£t9 oB¥ISHE 18 wh@r@ﬁt th@Pertn Ed?ﬁpr?s%?%%a&f) block and

e refer ranes and process the at |'east one of
ﬂh@ummbpamsammpnsba@@ﬂodm.Ieast partly on the at |east
one of the subset. WD 2008/ 057819 PCT/ US2007/ 082809
17 14. The apparatus of Claim 12, wherein the

Y ur alrhd ¥pofrat 8 be@nae  rai@sindge ipBRicA confIRe! &lsubblock and the
ordering and wherein the subset of the reference

subpos®ns copprisesibhlockseeafsthe swablockdj acent franes in the
tenporal ordering. 15. The apparatus of Caim 11,
wherein said processing means is further configured

'18) COffR& ﬁﬁpatrzﬂﬁs 8t Clagast, RRErchf tht G@le@t@l‘%éﬂsqg SurtiRr %nﬁgured to
| east part of the selected reference .

epdpdatatan snofdu@ micmclor atlist ticrpottivm qfahe¢ frameconpr i s es a
macr o- bl ock and the subportions conprise subbl ocks.
17. The apparatus of Claim1ll, wherein the portion

¢ONPr TRE SparsHdbt OlkmandwhiRin said processing means is further configured
to compare the at least one of the subportions to at least part of the selected reference

frame.

20.  The apparatus of Claim 18, wherein selecting means is configured to select the

reference frame based at least partly on the encoding metric.

21. The apparatus of Claim 18, wherein selecting means selects the reference frame

based at least partly on the encoding metric.

22. The apparatus of Claim 18, wherein the encoding metric is based on at least one

of distortion of encoded data and size of encoded data.

23.  An apparatus for processing multimedia data, comprising:
a comparator configured to compare a portion of a frame to a plurality of

reference frames, wherein the portion of the frame comprises a plurality of sub-portions;



subportions conprise subbl ocks of the subbl ock. 18.
The apparatus of Claim1l1l, wherein the sel ecting neans
wo sooBos8ier configured to cal cul ate an encodi PQI/IE1007/082809

for at least the portion of the frane. 19. The

apparatus of Caim 11, wher ei I sai d processing neans

is further configured to conpare the at |east one of

t he suabgloctbi O(mﬁgm@edatb dekash r¢farchcoframbdrade tlecpladhlity of reference

ref erenc frame. apparatus of C aim 18

@ﬁ%?%b%mgépg@%¢W§mﬁ§§h§n§s configured to select the

refer t [

b g'is‘f@cfﬁsfo?r %ﬁgcfgo?%%dqgﬁéé Rt Afbé &&Ré Q@op%ﬁ‘fo%g HaSed on the

sateat icfigenmedrmncsel ect s t he reference frame based at

| east partly on the encoding netric. 22. The apparatus

of Caim18, wherein the encoding netric is based on

9% | eqfl o @é?atu@g)f Giaith 98 t\kzﬁ’&eﬁlfsaﬁl%%‘éﬁ)g iRl Be AR FRLAR to select a
encoded dat a . An" apparatus for processing

sabistt ofetdie aeféednae ﬁcamep,r whéemny: sadd porpapaisocond@nfddgor@deess the at
conp re a rtion. of a f to a plurality of

kearangne e b onyRbpasd rPntth%g‘gEFtt ion of the frame

conprises a plurality of sub-portions; WO 2008/ 057819

PCT/ US2007/ 082809 18 a selector configured to sel ect

25 r ef €heagerdtnanieClhno f+  wieerphuhapiotessarfis fetler eodfegured to:

ranes based on._.the rison; essor
%%?FF’:“@&F Eastiape eéfbﬁewﬁseép? fhed reaﬁegraeef #8dsubporti ons

prRRedigNht Belecag S OF R SuBH&HIBRE Baskl %m%ast%ﬂlrtl T8 the at least one of

apparatus of Claim23, wherein said sel ector IS
fhersibseet. configured to sel ect a subset of the
reference frames, wherein said processor is configured
to process the at |east one of the subportions is

basedrgn a%ﬁ‘eﬁ'atﬁy lBe @1a1n12§4 Jfﬂ&elﬁptﬁ@ Rlrhi$ty St r@fe@éﬂ& 4fames define a
wherei n the processor further confi gured

ealpectli arderatg arefasfhemnethaf subbet of ubedncoffrantes qoefpelsem ateleast two

f nd. SsS he at | east one of the
@ﬁﬁﬁ@?pﬁ %Hﬁéggﬁn Iﬂ%ﬁ%ﬁF%partly on the at |east one

of the subset. 26. The apparatus of Caim 24, wherein
the plurality of reference frames define a tenpora
87.der Thg appratatwh of &ilaint Ad whirsiat thofportefesmnprescs ramego-block and

0 i ses at |east t adj acent frames in the
ﬁlg%’ﬁ%p 101&'6(%][}3%8 Subblocks.

28.  The apparatus of Claim 23, wherein the portion comprises a subblock and the

subportions comprise subblocks of the subblock.

29.  The apparatus of Claim 23, wherein said selector is further configured to

calculate an encoding metric for at least the portion of the frame.

30. The apparatus of Claim 23, wherein the selector is configured to select the

reference frame based at least partly on the encoding metric.

31.  The apparatus of Claim 23, wherein the selector is further configure to select the

reference frame based at least partly on the encoding metric.



27. The apparatus of Caim 23, wherein the portion
conprises a macro-bl ock and the subportions conprise

wanislostshks. 28. The apparatus of O aim 23, wheP€i/nS100®082809

portion conprises a subblock and the subportions

conpri se subbl ocks of the subWl ock. 29. The apparat us

of Caim23, wherein said selector is further

8onf i Tue epbaraus ol kith @28 ewaercenthodhaglingeineirie i dbasedton at least one
st the portion of the frame. 30. The apparatus of

@g‘glﬁ‘i’?ﬁ%l Ofp\/ﬁ‘ﬂé‘?@drﬁiafai?é‘ sséqeé)éteB?Odieg da@nfi gured to sel ect

the reference frane based at |east partly on the

encodi ng netric. 31. The apparatus of C aim 23,

dher eAmmulnencelel dacd pxbcéssorf amﬁmetngmmmumdon @:sel ect

the reference fra sed at |east p on the

encodP‘ﬂBp%tar peetio "?mgsmsé?ﬁgur:ﬂt&ry S%Wns%é@ws yderein the

Grtiofl RPHRAARA AL iRk ChRIMZ B¢ sitIfbEbA Lhe encoding

ﬁetlrolﬁc |Is n Sg;:pezflstgonsé §(¥ dﬁsstortlon of

encodsded at Befaﬁdcesfmmedfomnhedﬁdahi@t(af. re83encd frames based on the

mul ti medi a data processor conprising a configuration

9‘3“1’%3%6@@ a portion of a frane to a plurality of

ref er gReessfat ?éﬁ?tsonemﬁ{ees!uﬂg&lﬁgns PREY bR 'Eheosfeletc{%ﬁ rgfe?éﬁ@e frame.

conprises a plurality of sub-portions; select

reference frane fromthe plurality of reference franes

sed on the arl and .process at | east one of
The s APBTH ORI B OB PHEPEHNS EREHCau PRPOES g Rultimedia

34. Adﬂﬁ%h&&n&ﬁ@ﬂl@@h&mﬂ?%é%&@%ﬂ &ubGa hﬁ%ﬁlhb‘% i ons
for processing nultinedia data, wherein the
i nst r oohpons pEonn efec frhmerto (Baphlealay méahieremct drames, wherein the

onpar ortion of a e lurality of
POTBRaRuE PRI elbrief el kR ot Sl PRt T he ¢ 1 ame

conpr {868 aaréf&‘éﬁég frﬁﬂﬁeoﬁrorﬁ%ﬁe Ff)‘PJrﬁht?”@f r$&LR&! frBmes based on the
reference franme fromthe plurality of reference franes
barspatison; 4iide conpari son; and process at Ieast one of

t he subporti ns bas on.the se] ected ref ce.frane.
process at least one o??he subpor%ons llz)as on these ecte eferencgﬁarne.



