10

15

20

25

30

SI MD LAPPED TRANSFORM BASED DI G TAL MEDI A
ENCODI NG DECODI NG Copyri ght Aut horization A portion of

wo b@7ee et osure of this patent docunent contai PET/US2006/030565

material that is subject to copyright protection. The
copyri ght owner has n bj lon to the facsimle

r opt odu VD Iod PR AR SN ST QR BASKI BFehT AB; MEBIA
pat ent di scl osure, j j Pat ent and
Trademark O fice pmpﬁ?ﬁ)‘@ﬁgﬁr@é , but otherw se

: %Ef ht rights whatsoever. Background

gﬁég@gﬁﬁm 8?m és.'ngd Coding Transformcoding is a
conpriepettion of giehdisclosure &this patem iy camehtcontaliO@arfidl that is
vi deo conpressi on systens. Unconpressed digital inmage
wihiect focrapyright yrptection.y Thegonysight eunerhas agbiestiondo the
BETRE s bR R S ORTBINS pRlenf Boctidenf by 1SRG B Bclcfue,
dsAD)ppgetsdn tHd P stentsandliradentdk (0788 patesiilt iod keddodm bt
representation of the image or video. For exanple, a
qthervdsg repgv erdll eyrichbigshis BHaEPeYS. of a stream of

4-.bi or picture el enent sanples arranged as a
Bicrouti,

sanmple is a nunber representing col or
CONPRIE TradsformiBRed (ya@hgon in the grid within a
col or space, such as RGB, or YIQ anong others.
Var i dusnsforsgeodinglis/a ceupressereieshmigye used iv apanypaidio, image
diff.&rent color, spatial and ti resPJ utiong of .
A O P PR, FS{PMSy Ctoa"rpr%%ﬁ%?%ﬁ& ¥RAse ﬁl‘@ée" 15

BRABP R SnRA ok LR RANRIsElpRY Ui Bicklhd BRIy GABlorEar

exanp a typical audio format consists of a stream
lotatib®s i én emade aruddecsiimmpe egandedan agwdidimensjordl (2R grid.

t. reqular, tinme intervals. Unconpress di gi tal .gqudi
Thiabottiniesn ot s BbirPbonanie coneassen wies. for
ShAHRIG t?;%[@altfbﬁﬁét%ﬁ Fhaes €83 bYa stidaa0 of M-Bit%wrg&mre
reduces e size of digital audio, |Images and vi deo by

dleraergfsemplasgrinhgedspad grad. - Bacheiamplesraosmmbeatremrasenting lelor

signal into a equency-domgi n (or of her like

Grarye B 5l IR FbE BTN & ghle” Shasi: Sl FREE: or
1 R i N t i .

yg%@g&m&& ©akiba ﬁn%%rhﬁﬂ%llde)b éggéﬁls 91%3&?99 ryahloﬁs different

conponents of” the transform domai
aobpt gtint atd thme rdsolwioge nésahplingprivhiledy, digitdl dudssis typically
perceptjble de rafjegti n of tlhe di gtt al signal conglar ed
rpgreﬁeé@. Pigmes ‘6‘P_ rAUGIOHENY! oAy Fps S anfyBig 10
AR onBists 5 aS88hAF 16-bit amplitude samples of an audio signal taken at

regular time intervals.

Uncompressed digital audio, image and video signals can consume
considerable storage and transmission capacity. Transform coding reduces the size
of digital audio, images and video by transforming the spatial-domain
representation of the signal into a frequency-domain (or other like transform
domain) representation, and then reducing resolution of certain generally less
perceptible frequency components of the transform-domain representation. This

generally produces much less perceptible degradation of the digital signal
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domain, or of audio in the tinme domain. Mre
specifically, a typical block transformbased codec

wae@7stiewsh in Figure 1 divides the unconpressePCHUSMEN30565

i mage's pixels into fixed-size two di nensional bl ocks
X1, .. . Xn), each bl ock possibly overlapping with
ffﬁlm@?edﬁp 6%&@.1118«0(1??%&@&&1@% W A2B1Ags| Ot HideO s spatial

(ﬁﬂﬁqlh%lrbpé&ggqﬁ} @nayshs, i s applied to each bl ock,
I ch converts the spaced Sanples within the block to

a seMat specificedlye g typmical biauksfamsfofmeleséd cedeertt0® shown in

enerally representing the strength, of the _digital
@g@rﬁ& Vlﬁe%gwr@g%ﬁmsmgi ¢1g%%}umag%svemm&’ére pige BYck

. s onpr S ; : ; -h.C
A B1ERE Loy Sar R ol ol T YRR AAE LI B Blocks,
A éinedrutansformsi20hl Zsthbtydats sppiahfreeasly anblysisfis appliedho each

f the. coefficient values or otherw se mapping val ues
Hlocte MOV PiS thewpresd. Satss R theblac yibset of frequency (or

R SOl kRl B e Rh B T PRI, R
dor@fsinding feagkhtrbamsovet fhe blovkdnieetay. Foaswhsession, the
170-171 tQ nearly reconstruct the original ) _
teagsformaesiiicignts migy e geleaaly qpaniged il é(g &ite., reduced in resolution,
J f 0-
SEFAERT oHBLE e SR, e bagRoRR il il o0
mippingealdés iVadiiglodriresvlutidnenuopteds 3¢t to1a lo®efresolndan), and also
mul tiplication, roducingéthe t ransf orm domai n out put ?

t
eatigRy ony HEabigylangh ¢qdgd 88 inkp georipxesseth dafa shearn pyidecoding,
. . v L, ) .

Bl R0 b oA TS O, bt
tBegfiginkl cofespatisl satpiabignagt/ vitkoaigaiheesstratted blocks
reversi ble block transforns are chosen. |In other
¥pr.ds,).the matrix Mis invertible. In nultiple

di mrensions (e.g., for imge and video), block )

t r andhe blaskdraastoypi 124131 ¢amdleddetinedas amathapatigpl eperation on
operations. .Fh teix qultinlication i s applied .
QBRI st A SroBE et RO B f & g BB, proogine
th@Wansioreh ESMbHNSkputFOE M QMR ER B8 trahdferrh hadhsk.0When the
coefficients (conponents of vector;/) may b

e
igeytelata iy erbjtrefiladeng duis segraented v desdzadrvectosp g # block

by .d ' I i gnifi t bit f th
AE0r s BRRIIP PR Pl bR a4 Bt Ffon
BY@hiBle Y1680k aisfer s i BREseh £ n bidePwbrlsCtherRaAk WY iy ertible.
and al so entropy or variable-length coded into a

To onrdtipls slimentdons (i damimageded videsy, hlack ensferosdee typdally
the inyerse of ese _operatq ons, . T :
R S BA BT o Bar Y B imfaetion 5 A0RLi ock
sepARStl AdRslehlh HikdnstiPo RO Uk ¢i.OMbdth eoWe eRUEsuHDE).

side, "as showin Fig. 1. Wile reconstructing the

dat aFor compression, the transform coefficients (components of vector y) may
be selectively quantized (i.e., reduced in resolution, such as by dropping least
significant bits of the coefficient values or otherwise mapping values in a higher
resolution number set to a lower resolution), and also entropy or variable-length

coded into a compressed data stream.
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the inverse matrix M1 (inverse transform 170-171) is

applied as a nultiplier to the transform donai n data.
wob@n/ozppd i ed to the transform domai n data, theCT/DS®P&E30565

transformnnearly reconstructs the original tine-domain

orsatlal-dorrandl t al dia. In_many bl ock
t r angf tSleroding By ‘%é’ Aé%nﬁﬁ vesRof ﬂ%‘fﬁ% OPPIRHYRDI m i s

| : Spegal%ny&ﬁ%gg 'd@é&dlﬁ beﬁgg)gck%ﬁyfoﬁm 70-171) are

S conpression pen ng on quant1 zati on
dppliedon tha decoder 1G0ande, 2astiosnin(ligner WHile reapfs&aeuhtgeme dsta,
a quantizatiaqn,factor of 1) for exanple,

the mviesse mpatEx Moy BRESTEE Banstorma { 4-1Y Dais aeala&dtaasya %meen fogthe

a t r
e R R X R e
tedneform rebrly reroabioudts thepeipivd tiate-ddirait o gpattaddobrin dlgltal

dg@igned. Many i mage and vi deo conpressi on systenmns,
Befdkr as MPEG and W ndows Medi a, anong others, utilize

tr an;{l H{Fﬁz b@%ﬁﬁ)r&h@as% odd. %g?ﬁfb%h Tl{eat?e'fi{s%rﬂl is

nown tO avor ‘e ener

deemﬂﬂy réversiie op sugpoetshdth idssy eﬁdﬂotsslen; dogfres3fiin d@lendiﬁg an
conpreSS|on In these conpression systens, the inverse
thequantization fagtosnVYisy ae quwttmtéorr %aﬁ@%lv a@nrpwtqdows in

(ﬁﬂfl{]zattlla f?&&o&ef f?lpg)é g’ 31@(5 Iﬁiaﬁélpé g%e&e?ﬁgf eﬁjsﬁﬂm can

or reco

dxaanetépircrcﬁnsﬂmrmpuﬂ datd Atteieab@ng Hemmb&;é el giedment of
transform based coding systens, a _block transformis_ a
reYgRPEILY éhiese tnisriens cynétra;mh@ cheieg oh trangprmag upprpyhich

tﬁg Sdans f‘%r I&glgﬁgd is applied in succession to

on-over adj acent bl ocks of the input signal or

i mag Maﬁ*}hﬁ&ge ahd Rideo corpPeRedh Systmadich BgMIPEG lind Windows
boundari es do not influence the transform of the bl ock

Mediasamengeotbersnediap. rapstorms bagedrin thaDisssets Casine Frpaform
(chelg“%%-‘ib TPARSH & ﬁaQ/r 'EEJlgéﬁérgg ?&‘B? Aoy propei gJ that

k tra ornms Can I n uce e ar

r@éulﬂh@ﬁkr-bﬂﬂﬁ@l&falt@&omﬂ%sd@dﬂﬂ cki tﬁ%&on‘@r@@iﬁn@&f&nﬁ? the inverse
Q&garent in highly conpressed JPEG i mages and shows u

SHfaFkismpdereddn the wcprdistion lneps i bothitee prapger andthe

Reen of st R ES R SR 3 RGP B PP AL Al Saopics.
trangfap P@d([hﬁn%@mls' lustrated in Figure 2) is an
al ternati ve nmeans of gresentl ng a signal or imge

t hat Imﬁl@sabﬁm desgribed blrolc mamrfarrp-b@smdn&%vswms g block
tm@f) g%nl% rraﬁn Z%r;gﬂit ktgﬁlglfi@‘?? gﬁ]tshosrlt ng h Si3hREA% t8§ transform that is

applied in succession to non-overlapping adjacent blocks of the input signal or
image. Thus, signal components straddling block boundaries do not influence the
transform of the block across the boundary. Due to quantization of the high
frequency components for compression of data, use of block transforms can
introduce perceptible artifacts at block boundaries, or blockiness. Blockiness is
apparent in highly compressed JPEG images and shows up as square blocks or
staircase shapes in the image. In audio, blockiness leads to periodic popping noise.

Neither of these is a tolerable artifact.
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coefficient set are larger than the size of the
transf orm out put bl ock. For instance in a ID case, 8

W@ meessive signal conponents may infl uence thRCHURNGI030565
transform Likew se for inmages, an 8x8 area may

i nfluence a 4x4 transform bl ock. Lapped fransforns, nmay
be fﬁ%ﬁiwteédm oBHALeT sl mgﬁ@ﬂﬂ dspr glfernative
rpOR TR BRplihe 2 ARRAAhEB 0B, 060 SRR G 06 oss.
sl ajp edckanis foams therinputatignab borgperentsoinfiiendiggedcartraggfotm

of N points (N bejng.the transform size), whereas the

qoeEipien 65t are Jaee thakthsizead ths wanstornrantpyt blesks skoripgance in

PSS MGG SN, i AL S 2B Bt
Likewede iagas, Rin@xR ardaansy aifflenddy x4 Ransdbrnh Blopkd

transforns (e.qg., ILT 220 of Figure 2) generally are
st r ailgRpechwrapsiormsgnenhe frrauiater inpneaidve wayse Quiephasgpical

. . ty]
BEAGESAEES e st 4 i pEGEL RO ARy o
derieeoSReiRAPE thikeraNThoblock Sradsfoahd &2 alibnéd ®ate pedular grid of
m xers followed by a series of block transforms. An
Mppivn@Y belas il Wensirmbizoewheiedn thefragueneysmiferyarg sraced

_ I T . . .

SRR BB R YRR S LRGOPRE AN, e g
fitferingipechtion pRefbanEd acrbiseblEslyedpesisiRanidsbyed Block trabsfoak.
transforns and (ii) operators_straddling blocks, which
may Beverses @i danppd ﬁﬁan@‘ggps (-2 Lok 22bek Fighya Degegeralfy sie

. i f. tdvel -
SRREHRC g R 48 SIS 0T8O LLRE A gy RURRLRP i

dadh elea®atpy opefies béihgmsfepteds Ontlessichlafsrurhilietipn 0P friverse
that the forward and I nverse transforns are

lepredsprastosm iFesmiehel feasreseizers Hllameg sy serienef block

subgl ass \ a d. biorth al f

PHRERER; YRR AR 08 S0 Py
fowed Bl 96&’5"-‘@;%1[‘1%‘ dpeYation epliedl dcfosk bivcRalndirfesand
synthesi s basis functions being biorthogonal (i.

e.
nut udn eithesformagletien pf lappethianpfoxmsi Gietkgy capwionents are{d block

and.decodi t echni . i ' .
FERAFRGE T G CtRa R bRl by bsrepey s
eNb9)Rs fHIReE dThdde @peratifs til)ans felermed e ilktvetn aOevdrly
and decoding. This technique refornul ates a | apped(or

fotaner) transformas a set of operations that are

i ondpyed SR Gl GBI bt FRGSE bRbel rongfpms

Phés®Hhve the property that the forward and inverse transforms are transposes.

O

From the compression standpoint, the subclass lapped biorthogonal transforms are
more interesting since they can achieve better PSNR than LOTs. Biorthogonality .
refers to the analysis and synthesis basis functions being biorthogonal (i.e. mutually
orthogonal).
Summary

A digital media coding and decoding technique and realization of the
technique in a digital media codec described herein achieves speed-up of the

transform used for encoding and decoding. This technique reformulates a lapped

4
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sampling grids of the |apped transform By this
remappi ng, the input data can be grouped into

wO r@ciooress or parallel units. Wth this rearr aPgEOS2006/030565

many of the | apped transform steps can be executed as
vector operations. The few remai ni ng operations that

(ar ethgptirapsformras2atst of epesatinas that gredlatgely siaglgdestyiction,

PEBRSE! SO BIENE "HEl JBTSL by O GBI i o
Sihiphh fetigdl of HeMuppta!trans foriny Byhhis eappingeticigpn\daiatan be
the Detailed Description. This Summary is not intended
grounedepta Tupclesy’ qramralicbynity. With dhs rearfepgamante magy of e
| ai ot et AL
AR A P SR kb bULSPRE bt
ebitRab timbiemot vBetotikatile sergeplotrasd 6k thhweectdraohipeaents in a
igure 1 is a block diagramof a conventional bl ock
sefaensebmanpeised codec in the prior art. Figure 2 is a
fl i, ill at k ng: .
oS 5L DRI Bl cbBRn o

{iPRIASE A ihueare Fa@kkaTdekdbed Peloa! inte DetaiRdapdscption. This
codi ng of wide range coefficients. Figure 4 is a flow

Stingerhis oot itensisd de idenfifolsgydeairasgr epwntialdsaiurg oftthe

dapt, vel v, coded wi de, range effigients., Figure.5 |
JerprediBieb A ppLSTHBRIHE B 5%eshar b Pl B gitritink the
&6@@&?@1@'@5‘1&1@1&6@&%&%&@&. a pre-filter (or overlap
operator) and bl ock transform where the prefilter is
Bpief DescriptimasOf (Ithe Divawinigs i es or bl ock edges of the |
bl ock .transf or Fi.gure 6.is a signal, flow graph of, a

r epr CUEHeAL I9diREar) ‘éfr?s?oélf"ﬁli‘tﬁ’g‘\?%df frangipEbibapadgodee

. transformformul ati on of Figure 5. Figure 7

@QH%B}SI%%EI flow graph of a parallelized SIM version
of a Figpeasientfhivw dngteamp dbdtriting arhogondd of a apped transform.

havi r%g the pre-filter ang bl ock tr.ansform formul ati Oﬁ
of Fifgewte s apiqy st of & TpresgRiaiyy FRqedey ieppgrating the
' . ' i ata into 2- conponent
%{eag#gé E&Hfg%g??’ﬁdﬁaggggéégﬁ@éw??ed SI MD version of the
one- diigmesi isadlow diagean bf o dédodgoinabrporaingfthe deaiding of
Figure 7. Fi(gur_e 9 is a yvector signal flow graph of the
yhetivelireadebvide ragheretcigitehogonal transform of

Fi gur}@ngre 5 is a flow diagram illustrating an example lapped transform

formulation as a pre-filter (or overlap operator) and block transform, where the pre-
filter is applied across input boundaries or block edges of the block transform.

Figure 6 is a signal flow graph of a representative lapped transform having
the pre-filter and block transform formulation of Figure 5.

Figure 7 is a signal flow graph of a parallelized SIMD version of a
representative lapped biorthogonal transform having the pre-filter and block
transform formulation of Figure 6.

Figure 8 is a diagram illustrating grouping of one-dimensional data into 2-
component vectors used in the parallelized SIMD version of the one-dimensional

lapped biorthogonal transform of Figure 7.
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Figure 10 is a diagramillustrating grouping of

t wo- di nensi onal data into 4- conponent vectors used in
wo b@7pzreed | el i zed SI MD version of the two-di mePST/O8206/030565

| apped bi orthogonal transform Figure 11 is a diagram
illustrating a vector notation for the two-dinensiqgnal
dat aFagre @S ¢ Nectgr Bewal dlow graph o thepms-dimensiong lapped

i j 2 057 a diagramillustrating pixel
Hé%%%ggﬁrel%l&angﬁ%(g@ége}nensi onal data and

cor r 8sneadi iga gagein dhisaetheaopping of twedimessiong data into 4-
whi ch an overlap .operator (pre-filter) paqrtion of the

OROBFRRSioBTIMIed R Hirararalicdized 88\4@&(@@%&% thsrtior dimensional

1 ldib?&thoggﬁalttpan‘@@ N a 2x2 Had_amard operator portion
the ov ap operator is applied. Figure 13 is a
di agFagure 11 isd dpktang ilRiskeling ® vpaoendtstionmfok e two-dimensional
t wo- di nensi onal data and correspondi ng parallelized
Hhe graupise ntgWeFtofhascHoyngp Fégure ﬂgnsf orm portion

of t ' ' . bi sf. .

s apgriia S ORRRLeN Rl ARG QliEaRE tid Skl ional
e dridodbrebpdrdatg pdralidlized @ombondnt ivectapiviee dhidh gliserlbg

is a diagramillustrating an overlap operator of the

apgedeTRFes e portigmpdhe Mer-dhesinar! lepestsbisrthpedma) tiprsform
. a i agr r .
i Tob B (L0 AL A 8 BoRERSA T, oyrp cpgrgor
a%,gﬂe@!i nmensi onal | apped bi orthogonal transform Figure
is a flowdiagramillustrating a process ) )
i mpl &dge LA ds 2 fasting dlusirplingspis eheospongats pa the twor-dimegsional
- di nensi onal [ h r r I gure
S5 Ry RO GEbRIRTRLoL AR LR o itk
tEm¥ ol MPBRIGN 6 Othe Wbl EimBASi b 14pped Birthbbehdl 2@ sBkdvl applied,
version of the representative encoder/decoder of

apidgo mdxchza ZxtHadamendipersdorrmosidon pf thanblvele trpasfponimapplied.

description.rel.ates t odi ng and, de i N chpi ques
hat it PR SpEET IRt AR BRI G BN
difi@Asi6:241 Mpped BadredogBhalaRMsBimS! MD oper at i ons

[ hereafter "transform parallelization techni que"]t. The

f ol | Gigung 18dse flpptdiegramatiustrasiog agnoessa ifpplementing the overlap

WP honrale s ERAEYR Snody bREREES FiterBlont o
Ted 784516 Sadocudhul R ok s By S
ifamsTopnan e Rereclizeewo plisens sha dipped bigythogonalsravsform.

H u%&gru%cta |19r1]é a H(])icl% diagram of a suitable computing environment for
implementing the parallelized SIMD version of the representative encoder/decoder
of Figures 3 and 4.

Detailed Description

The following description relates to coding and decoding techniques that
provide a faster implementation of lapped transform as parallelized or SIMD
operations [hereafter “transform parallelization technique™]. The following
description describes an example implementation of the technique in the context of
a digital media compression system or codec. The digital media system codes

digital media data in a compressed form for transmission or storage, and decodes

6 .
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exenpl ary conpression systemincorporating this
transform parallelization technique is an inmage or

WO @e02ehpr essi on system Alternatively, the PEDNRI00eE30565
al so can be incorporated into conpression systens or

r .ot dat a. Th transform.. . )
tﬁaa sfgn 7 %Ra}cgr?r offier fFcisig GEon rerpocer ) HstrRian. s
ﬁ%} fe%sﬁﬁ @?é’t&ﬁ%éﬁh&&%ﬁﬁﬁ MiER&F6 %Q‘ﬁllehzatlon
resse a

digital nedi ata Tn a particular coding
t&dmmte is 3n ifAagooeYid&e cadpressomsistsn.3 Adtechativelyethe technique

en | d di f th d
Airrdsitarpoes et D36 e aleRabRanenan dat
ﬁ%@ﬁﬁfor@%&rﬂﬂ]&aﬁb@%ﬁﬂﬁu@ BESSHYE r@uaeRAtahd dR%alhedia

sinplifi [ustration of a conpression system
oqmqncqsmra&yswgl erved@fthd abmpeasscﬂjrbgudmjecﬁa dai@an atplagticular
%B_&?ﬁent the transform parallelization technique. In
e conpressi on systens using the transform

par alfl el i 39{cb@&/be&dua-aue, additional or fewer
processes than those illustrated in this

r epr &guread aued 4anc o deneralimdd diagnate of taproecssseemployed tnea
eSSl on

RS e oL e SRS AP A feoadsn 4905 Th,

(ﬁQétﬁfns foPESERE B gerbal ze@b@smﬁiﬂaa AT RBELE SF a €6RpAGsion system
macr obl ock m)é etc. r@r essi on system (encoder

lamaipd@@ugehe) ZIaalntamncod@I@nﬂ@ls sﬂlaarmplcmenb@@yransfonn

dat d di
SRS o BaBuiahed niniity R s RN oR Yyt PSingthg ransform
18R AESN MBhMigHE alBRIBnhIOSIbRESprbBesk@StBin thole ﬂmudﬁ:aan this
encoder 300 produces a conpressed bitstream 320 t hat

nepreaemm\@ asnpacandrdspedes ean he nsad fof the 2D date gbnipmgssion. For
data 310 sented as,in e _encoder. [For
S Some RRcoIs R ap R S i Pl Boldtag P SOR i
Rrhd R a BB, 106leH ERfind MR ERAYINGIND el NBHRSI ONS.
The 2D data encoder tiles 0 the input data into

crmnmrommmtenv\msmg ragd desader)rian ghrevide losplzes dnd/arpssy

resent The 2D dat a.encoder. furt
SR ES G B EPO DR 0% et BRETOR “CHigh gy e based on

@q%klaﬁlo@mmkﬁf vadthd SomNedsiegsitd Bsgach edge bet ween
'ocks, after which each 4x4 bl ock is transformnmed

u3| ndChe 29 datk eneedes B0 praoes armmprs'@&@dlblﬁsfrfm B80 fthag 5pa

be the
R sty eratioGan SPheEmehRLaD SFrT Bt Phmergs inou
tb¥hOdmooder . F&rbtx binbRM the I35 VigtaShphlt @ad ba 8s 106 g8, AGFark®s5Y video

And Lossl ess 2- fa Conpression," filed cenber 17
2Qoencet mtﬁe@t@hm Byo dmlqpﬁlons The 2D data encoder tiles 330 the

input data into macroblocks, which are 16x16 pixels in size in this representative
encoder. The 2D data encoder further tiles each macroblock into 4x4 blocks. A
“forward overlap” operator 340 is applied to each edge between blocks, after which
each 4x4 block is transformed using a block transform 350. This block transform
350 can be the reversible, scale-free 2D transform described by Srinivasan, U.S.
Patent Application No. 11/015,707, entitled, “Reversible Transform For Lossy And
Lossless 2-D Data Compression,” filed December 17, 2004, the disclosure of which

is hereby incorporated herein by reference. The overlap operator 340 can be the

7
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is hereby incorporated herein by reference. The

over | ap operator 340 can be thereversible overlap
wop@ratwls descri bed by Tu et al., U S. Patent PCT/US2006/030565

Application No. 11/015,148, entitled, "Reversible

Over| ap Operator for Efficient Lossl ess Data

repgrpiblesaveslap operats dlesriRefhyr Tmet alobion Pajgnt Applicting Ne.

; . . 0 . : . ' _
DB AD shBg | ROVerh BRADAIB Gkttt S teBich L 616 Bata
%d;ﬁ@rliégsi&g IgliarlDb"témF 1”7RBL3(E1{ ﬂigmlé@l&u&' oﬁwhilchriﬁhereby
Pre-/Post-Filtering For ppe i_ort hogona L
ummglfa_@ﬁdrherelflihyeafeyma%rgd%ﬂ‘u SRl J S damcatien B

S nl ; - .

PO ETo8 2 it EDYRDAGIROS BhEn I bhe- Pt ElIRERAGr Lfed
Brphegoril Arirstgayalilddrlansdron d) 2005t drerhgdleseke/ of whigh is hereby
di screte cosine transform or other bl ock, transforns
inpRrPerAied heseigferaieence. Thoge eperaigh Ak orpp togher

%ﬁe%?ﬁ?%ﬁs%ﬁ lgfcg'%?@l&;gls F Edorhe 'Nlte%@ﬂiv@fy ARcs4&# cosine transform

rans ject to a simfar processing
ahahér WodH fragforhmrandrayedyeopapors amilbewsed. bfubkequdit da the

f . Th [t f ffici
BERHTRG DDCRGIarTh 06 155 L Eaumflar 1 st B,
sqﬂltilgngﬁl#g &8 1%1&;3%9?%%?)%51@ dv%ﬁgp,%ﬁﬁoxg&ﬁ‘ By dR4 Qs

per the reverse process. On the decoder side, the
tramfsfr Mhe vedulling DA tramsfemaneffmitntaandiice 490 tfangform

thelr respective ets, fro Lch.the coefficients
saedicinuinats drsatige S ey S Aok g Proelrased i rhe. b
coef gl (fe%éer?p%pfo%gt}{feﬂt%ﬁg% a@%sbb@ﬂﬂ@'&b&&r 3{de, the

i nverse transform an ne of _DC coe_ffiments is
trimyienseocdfieichtcpifsend exisiotg] 41 Osfiohdldierespentivhipagkets, from

oper at or plied agross th L ock es. .
shisedbienatlbion e Bsirrizcutradr s fE e 0. The DC
| | i £6:%€, A€ the plane of
S8l e AR ST 1 5008 B pe
Ditscdeffici¢nte arffinFersed veylappdi’ usingoksuaidhlesmaothihg operator

Ao phiogs Hiead e S Per D S et e paped by
%bl@g AR BEY invERbE SR AR 1490 to IR EREOERendDand E‘l.ngNCe

resses an input | mage into the conpressed
todffitiema a3 Adcqdeddrqm shef bitsepamafdnal lyethdddonkesdgso i the

(Figure 4) reconstructs the original .input or _an

S5 SIB HAES BIANEHEP EBNerSARYeiED SR AORer HOREIIES 2

RS8N eRAI 719 dhed SRRl oyed. The process of encoding

I nvolves the application of a forward | apped transform

(LT) HMiasncxsspiarh éahpl_mmematioh, the ehm;]ee_ﬁ@(h(%gum Preompresses an
GRS G SR
.(].ﬂg\ﬁjevﬁ ?eéoﬁ?tr@d%@lcﬂe(‘(ﬁlgliﬁ? iffut bPen hpprekintitiod BRGEoS, based on

whether lossless or lossy coding is employed. The process of encoding involves

the application of a forward lapped transform (LT) discussed below, which is
implemented with reversible 2-dimensional pre-/post-filtering also described more
fully below. The decoding process involves the application of the inverse lapped

transform (ILT) using the reversible 2-dimensional pre-/post-filtering.
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transform (ILT) using the reversible 2-di nensi ona
pre-/post-filtering. The illustrated LT and the ILT are

w0 nooefsrss of each other, in an exact sense, anPCT/US2006/030565
therefore can be collectively referred to as a

Far bR BRI ALY gt v,
AnABH& fRIBAESSESIctiTEG rbRREE AL AreddRitho r@ﬁsﬁﬁsﬂsﬂ%. Asa

the illustrated encodéer 300/ decoder 400 c e | nages
re¥ergible transfarod, tire EOAb#Atpmin(can e usddder YagolesstindageXdovardssidn.

o e LA N LT S 0L S 1
B il Besto tharibtil8o1ér forBiats (YA RGBT IREQ. 4 TG VIR r

al so has chrom nance conponent’'s, such as a U conponent
YWY 42 . colompoagnformatsy Tepiaalht, dhecioparinpigaabsaysrhas a

f the, i i ff t ial
BEBRGE [ ohepaniohe IIER ORI P4 Lot P A2 8 a0
ifriage,Ah6 @hade A188 AR cHrOhirRN SR Bporch®, $4cANA A\ COMPBAGRTLAd a
have half of the wi dth and height of the Y conponent .

Vsonipgeans die atpavate colos pbmeddegongBiienisiaf she imeagerpanthave

TG SreBl EBobl B ABRCR B8 ima i Fhe VISR 20heups
fofth&t 6P ¥AnPIBCME R} AEKY dopbhénts' hSRANMESS th¥kiigih FMhelfht of

16x16, 16x8 or 8x8 areas in the U and V channels
the Yeerdiipegenh t he col or format). Each macrobl ock col or
planeg is til I Nt g, 4x4 regi or, bl ocks. Therefore
b A ohiied olsnbs saerdehr O e e hgtiaiesr 8 PibiRie
hierbBBcKD | ThQi g8 ehplefientafibs, B SRt dRE J0@ HERERS input
i npl enentation: 1. For a %;a scal e i mage, each

pﬁ .

image gip d 6k 1 ¢ macroblarks & the ab(vadck Mpy bleddk$6, 16x8 or 8x8

For .a,YUV4: 2.0 f | or i h | ock
e iU st an sn PR ek e BRGiou i 5T Fich Mfroblock
dotibrapgheM tiddoigikos4x Breglos o bIolé : Phetefopd, MBrhadiBbIOEL is

i mage, each nmacrobl ock contains 16 4x4 Y bl ocks, and 8
evmtesak i dig variavasetor fumzaigindhe Klpswisg mpnngoior shireweroplary
YUV(i: 41;n4 coéngrt. i mage, each macrobl ock contains 16

B8RS &lﬂe %109’. U and V channels. 2. Fast SIM

Lappad mirer grbpaanainage adash efatioBiek\dofwitd s 4 hidgnfeqY)
conputationally conplex operations in'the

above- ddedlsi bed representative encoder 300 (Figure 3)
and (ie Clpoq'%rYﬁ%:ézﬁ ifgllﬁgaet cf)"?or iins‘laéet,] %ac!,h%gcergblock contains 16 4x4 Y
blocks, and 4 each 4x4 chrominance (U and V) blocks.
3. For a YUV4:2:2 format color image, each macroblock contains 16 4x4 Y
blocks, and 8 each 4x4 chrominance (U and V) blocks.
4. For a RGB or YUV4:4:4 color image, each macroblock contains 16
blocks each of Y, U and V channels.
2. Fast SIMD Lapped biorthogonal Transform Overview
One of the more computationally complex operations in the above-described
representative encoder 300 (Figure 3) and decoder 400 (Figure 4) is the lapped
biorthogonal transform. The complexity of this operation impacts the performance

of both the encoder and the decoder.

|
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bi ort hogonal transform The conplexity of this
operation inpacts the perfornmance of both the encoder

wana7vtwiziecoder . The i npl enentati on of the | appedus2006/030565

bi ort hogonal transformthat is described in the patent

l i cat. t I No.
117 0152 pplenghiief o e hanet Sophéorhwelivis Bk Haseyped in
o gatbﬂtsaﬁpﬁéﬁlo%s l@sl%’cvasaﬁom eménm plibdtl BNSeCeFRLo7 7

Tu et al, U'S. Pafent Appl CRET 0N No.

emltled,s Rmer;sﬁémifranlsgmm chdmsssAbd io@laleaD Ioyge ICautnayredsoom,”

tod Dititbera 20 che et G BafeBd hBRlicogmn Ve AT O N

ela%ﬂ@@f’ R%%rsftﬁ@ UVHI@@O eB%f%@EH’ic?en% L@béﬁ@%ﬁﬁ? @ompression,”
Pre-/'Post-Fil tering For Lapped Bi orthogonal

fited Psbenber'17 2004 abd Aveatyl 14,S. 2’@%) Apph@?émn@ﬂmdlt'()fﬁ 991,

Bifed) Eevese iR et it vt Bicsthosgnal

Trahdthen,” TNEEFmk 2005k Akdipekd tB8ningRRSE ‘éofr{p?e?%t{ygr m

operatlons in a I\/D S|ngle|nstruct|on
Hietwvewer.ghe panﬁbtne panaiishzaﬁmnutcnhnques d@Hcylbn@hcmm achiieve a

A BB DNE ERTRAFUTA L 1B oS R el gt ot STPdsingle

iBSRRABA elﬁufa@@dat@rdrﬁ;ayamﬁ -REAEESSBleRdly AGhi] M8e!STOMD
Pent |um(r) am |y processors fromlntél, various

Qp@ﬁttlonﬁpm boussdge cemggt@rmulnpbrmwmtwmm@ﬂ@l) Sapld SEMD

. i et th DSP

ficbls Mo sBbififed arayirian pawaria: mebifeds Hedtumk"®
@10 Hidd Bl 26 frand BN Sehr{dE x86R6 attﬂSl@ PedREdBrafroth AMD Of
operations that arelargely Sl friendly. This is

ReoterBG@ansha yasietppf otfert REP (higital aigalpropessomsanyl | ng

id f th .t f B
put 8 o TRt e ettt hegh FEla el >
1t For Mhbs) thabPria ' BNSEsPRMtionS B aff 1afddey SPPERiendly.

transform steps can be executed as vector operations.
Thigisfashievedrby némappopgthgtinpr snd katputsanplotg gredstafrthe kipped

are. perf d on the yector. €O ents in.a ss uent,i al

tFaeEr: T BRoisHPP IR thednmqil aeeounsifed vegior o
ﬂa?dllé?ﬂnﬁ§ aw%qnmea n%&%@ﬁﬁbm? o BRAbppE t@a@ﬁfdrﬁ@gteﬁban be
of the technique to t apped bi ort hogonal transform

esecutebay W@wﬁxa@om eTheéydremainidg @eenadens (hnat are not he

D 1b iorth ansform det ai | in

epBB P o AP RERER e Pt b ene i stasatel memer,
bel oWifhentglk HeReESqRS canlHelphlidd t0dBppelinarsfRE iR gBheral, a
paral l el i zation techni que remaps andggroups t he "I npu

spesifit epipfiagiipg obthel tawhmw t@fthQ laepqrcblplp egﬂr@i treesfbap péthe
SR Aol P SBEeR e b BrafPPigr e Brnifes detaited

in the above-listed patent applications) is discussed herein below for purposes of

illustration. The transform parallelization technique remaps and groups the input
sampling grid or lattice of the representative lapped biorthogonal transform such
that each group of data samples can be treated as a vector for many of the
operations implementing the lapped transform. In this particular lapped
biorthogonal transform example, the techniques are applied to formulate SIMD-

friendly versions of 4-point overlap operators and 4-point block transforms, but the
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operations inplenenting the |lapped transform In this
particul ar | apped bi orthogonal transform exanple, the
wao ediegues are applied to fornul ate Sl MO ri eneldTUS2006/030565

versi ons of 4-point overl ap operators and 4- poi nt

ock transforns,.. byt t et an be neralized
1R P P REratineran et Raeslot Fnaftme meat Siiser, e
tb@RRicHMRrAkl R NALIDEAbY1IEER d?@at@@ﬁ*ﬁ)e& oPal %?shg.
or E)%urallel |nstruct|gglver5| ons o hﬂ aferl offbrl
viersionst afrother dagrieddtansfosm r@4lizafiohd. owi ng sections det ai |

bot h and twos di friend

pl RO G8S 8ok FErD AL e e ppienal SIMD-frendily
RIpRIh HOA QIR lof kR ARBEREM iV Tap iRl 1B SHORBINBARRGm. CRSBe one
two el ements nmay be grouped together into a vector,
damdnammgl cefe, tie elementsppadbe gmpecbtqgﬁﬂnpenm ao'nstor;myidbmny

d i ng.vector oper at
it P Thfoet oot apS o BhT B vE Pecfambed hige s%ct@wm@wns-
Th egketedintdAbdnal 0486100, or%\ﬁ di@hdht®mal bR dr&RRE ffrether into a
t ransf orm oper at i ons may be perforned using vec
V@Q@r,aanldon@y aftibe dapped trongform pmratlmshnmb@pemm@qwmg y
%&p cabhe to the forward and inverse transforns (used
N Ofﬂgerg @der and decoder, respectively). 2.1 SINMD
Real Thadd et Rizafbe tdhnRasd 28 %hueh@pcﬁ)?ﬁc@dl@ k¢ MRIBARrd and

re

Transform Wth reference to Flg consi der a

lg‘éqﬁ%eﬂaqmsm (@ﬁecbby thesaepder and modmsm}spﬁ@r\rﬁlmat ed as a
2o i RO REABRBR ) At s el RS ir

"_[t;raﬂ@ﬁ,iﬁfm 520 has a block size of 4, and the
pre-filter 510 has an overlap size of 4 as well. The

over Wigh rferengestodiigingd ceusiddie gsnembense of llappeditengfohn

he d X
sh dBimitineh S 5 42 HuREANEREF bSO R Sidek St 32 1n
tHéBlubt fed ekdrgplehbk, iife WBER tr@thféren $2ERasSEBloBk sizBBOY, and the

data [x4i +2, X4J+3 , X4J+4, X4J+5]; and 2. The bl ock
pre-5itiet SHhhaEm averiappize o 4tas welle Hﬂgexvetlm size jidefined as the

+ e tlons t.he
LR Bl B SR B TR By e e
1£ﬂp@akrahgiaﬁﬁf5@0rpr5¢eéas anfdliewer | ap si ze. FI gure 6
illustrates a nore specific exanple of a | apped

bi or ﬂhé@@rmﬁ ftlieaﬁ $0 GrappEodta ¢agh shlzef inpie dotaelxhid, t¥ens, axud4
block . mformJIatlon as illustrated in Figure
5. The 52 bi ort hogonal transform 600 is that

descpi R Bbavigarform 520 is applied to each set [X4, Xsi1, Xaivz, Xainz]-

In alternative implementations, the lapped transform can be defined with other,
different block transform size and overlap size.

Figure 6 illustrates a more specific example of a lapped biorthogonal
transform 600 that has the pre-filter and block transform formulation as illustrated
in Figure 5. The lapped biorthogonal transform 600 is that described above as
being used in the representative encoder 300 (Figure 3) and decoder 400 (Figure 4),
whose implementation is detailed more specifically in the patent applications:
Srinivasan, U.S. Patent Application No. 11/015,707, entitled, “Reversible
Transform For Lossy And Lossless 2-D Data Compression,” filed December 17,
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being used in the representative encoder 300 (Figure

3) and decoder 400 (Figure 4), whose inplenentation is
waleddiokwsds nore specifically in the patent appl PCRHUBZING030565

Srinivasan, U S. Patent Application No. 11/015, 707,

SRR R LA e e

@J/er]zap @p%ratgﬁfcﬁrﬂfﬁeﬁﬁjt LGs%Ie's@DaMCorﬂ e%@n 2 48ed BQ%érﬁﬂe‘? 97,

Reversib Overlap Operator f ficiént Lossless
E@ﬂaamdolitpcteais iLb8, Paténtlmliaetmcumierllioss 290 £4ntitled] “Revesible

Phisperisist B M aBrih Tor Dhepeimigtbosanb  ingm, hfed:

J'aﬁ‘tPe[%? d4Bysust @ﬂ@ﬁﬁ}%héffyaﬂﬁfﬁi’é—@iﬂter bnd Bk ﬁ'ﬁh’ﬁ&fn bt the encoder
0057 "For sinplici Iter and bl ock

300ame flepicted fin Fi@lre ﬁc te poaﬁ“ﬂteaaed de'prsetbé@bk Mariélfcgm of the

iPYR BRI psite b roRg: S en e vatiegy dhe FVaie oot se
t?bfnsfoﬁ% door iRy éilokﬁpiﬁqq%ﬁr% FN e PrE0fifOPhas¥h BiMehtBtion as a set

Figure 6, the pre- has “an i npl enentation as a
of buttefflybutlifing B’BFP opetatibng engasivehasoplrshbigerdlyctagsrtilfed

BhiSubtahe S b 1oynEbagEnE Shee SRR The Rl Mo ymis an

ApPerfdhtatioa @r@ﬂﬁ!ﬁmu@terfgsst@getdmlora@hdta%ta%hIéysost age 640
and a rotation 650. One way to parallelize operations

for Quelvwasatoi pamalledize gpalau@m fnsrqahaatiqmnssm&SMDsnmo;nons is

roupji.n ether e-. ed s onen

Bl bR e i S S e BB RERRES bockpIn
JtdrRvotds, the EQpSIEs Of BE Corfl QUPRA 56198 ¢ oup&d tolsBer. For
speC|f|c | apped bi ort hogonal ttansf orm 60 exanple

thospsicifeor leppasebierthoganabiransiernp6Qensomde censidmed bere] xertors of

SRS hat e st Fokdfis kel B ol Boksidver £ or

t he Whacdotipial sfkéivetl F6r the picfifed ¥dhweBlorane block X2
straddl e three, and not two bl ocks. This means that

enforugs theplentpre Bnn oits] bunduBed X Hkisvihresyemdingt twpdiarks.

fsinetre GRORH SRR Ghfos P mbet o BB efl R e 1€ tapped
thankRri2 At tAe brandfOrnX 2Bk e, GROAGYIrER %r&?ﬁhgjﬁsdlﬁ&‘énﬁ TRUP D $x,7

for the pre-filter an bl ock tran it can be seen
X;zHaEXut welomdi ke ¥sbtors are conmon to both groupings

FermGRP I Ba g Rl gralibiney oy b ot R SiskibPh anstorm, i

d@h G REABat tW 6Mth¥RBEtErsRE BSifiba e bbﬁxgg‘r@tﬂ;ﬁhgg(&f [X16 X20]
vectors between the pre-filter and bl ock transform

andilx17i %1 Dotloaveyes itharsmaining two gectomRre fidfeserti betweandhe

érgt?plﬁgrsagv% N W t?l%rnaelces%}tét% %g‘rggpl}lg %P DeSs REwE Sths pl%qﬁlter

and block transform. This is not a desirable solution.

On the other hand, the transform parallelization technique presents an
alternative way to parallelize the 1D lapped transform. With the alternative
technique, a permutation is added between certain components before or after the
lapped transform, such that the groupings of componeﬁts into SIMD instruction

vectors are common to both the pre-filter and block transform stages.
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alternative way to parallelize the ID | apped
transform Wth the alternative technique, a

w@esomests on i s added between certai n conponenePGI/DEI006/€¢30565
or after the | apped transform such that the groupi ngs
of c nt o I pStrugtion vectors are co
Do bITBE nahays rahrt weabiaio 0t dHepaed biorEogon
tPAn3RRS JAFIMIS 6] whi s deBPPirhl el G8¢drdRk 8 The/ @
t he Iappedg%rlgorthogong © gns orr?w of rl gtgre %ﬁs%rﬁl
maailebemrﬂaclahqw dqseﬂbathmcm: ﬁ@llstmOdﬂﬁedﬂmdftmnnﬁonn

I.| el b d
Bt R 40f BBt Qe 57 LaapreponBpesnal Falstorm
b i 600' SENEnGa, bhpmtzmaeé ARPSCorYephhRBYRMAD of

transforminpl enentati on 600 of Figure 6, but includes
@nipansits ox thedirstatage, ﬁﬂlom hyfa dightly dififierent metwhik ¢f ngterflies

a f db Ii i fferent ntvvork
P70 LA B bufle e for o P e B b Pl ptn 2
doRtpoRent JE@%O@S!T‘%HIC@ dor ﬂﬁe&asrt eh %Hd %&Bo&n@s@ﬁi@&ﬁ@c@nly with odd
vectors, since for these stages odd conponents

dompenents and Wequmpmutsaxm:melﬁvwdnwea\p@mmm@n Entther,

t t | th t th
W aperonadss tod e e e S aRElF Ea il & hre
ét%%at Tead, gtdhptiﬁg%pacgé@a%dd alilUsven %fh&éﬁhélﬁs %ah@@ﬂ ApHallel

and éven conponénts realizes a parall
lnmﬂxﬁre&vréﬁttt(mtl on. Neverthel ess, sone of the st ages of

ti 0 d..bi ort |

tr an NP foths 8P telt of PESTORERSIL R ARG Ee 1appe
viskiaddonny eaRkdrhOstal &8 nBBQarmeﬁzaﬁep M@ hblati6h/scARG stdiF730 in
rotation step 760 in the block transformare

therpteefiléer; antl tegotetion alepy60 fi therbdodk tanslarsare implemented
realization 900 of the | apped biorthogonal transform
SPRP lﬁﬁﬁure 7) using the arrangenent of the data into
2-co SQHeEf%Gst DFaliAfion OOk fap 1?6& Siofthog dhaFtrGﬁHf@m? 700
the data paths are 2-conponent vector val ued and t he
(Etguaje &y umtfaraerangem@mqf rthmqlﬁéat a0t dreonyponent, ve@]@m as $homwa in

e Ty 8RR Pl aP R 3T B 2 oy KRS the bola
Mvﬁ‘sfhré ﬁl-b@e'i&do\?&’aﬁdh@ f @' 6pé\ﬁitﬂﬂ1s e @dhpodemMs 6f fHe same
mappi ng rul e: 4+1 V2J 1 - [ X4i +3 X4i +2]
VERi0S). rfﬂmovq@@r@r@upsg shosvioin E}gumlii igiugerhforitipg mput, which is
Y Wg@“ vect%rspotot vth I\/Darlihmstlc is
T T e o TP e PaiSE B8 TERRIG B ot eps. _and
sequeptl al= proggssixg]is applied for the remaining
steps

Vi = [Xai3 Xair2]

This mapping groups the original signal into 2-component vectors, to which

SIMD arithmetic is applied for many of the lapped transform steps, and sequential
processing is applied for the remaining steps.

2.2 SIMD Realization of Two-dimensional Lapped biorthogonal
Transform

The 2-dimensional lapped biorthogonal transform (2D LBT) can be
implemented using the 1-dimensional lapped biorthogonal transform (1D LBT) just
described. In such implementation, the 1D LBT is applied to each row of the
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2.2 SIMD Real i zati on of Two-di nensi onal Lapped

bi ort hogonal Transform The 2-di nensi onal | apped
wher@rvtegonal transform (2D LBT) can be i npl eneeit/es2006/030565

usi ng the 1-di nensional |apped biorthogonal transform

ey fopobicldys H33HT 3o P gt fopo B g Ee TGP Povadupgese,
t@o'tﬁés%?v@&@hk@c%ntt@cl‘ﬁﬁ?fbv WHELe@r Vice versa). In

his case, two types ectori zation techni ques may
be udedn the fitsh t)tph@ffthgnzatymetlmfsamcgrmpmgmadnn thdr&D LBT

Sect i orasBasptl Byerligh £d shews) e Cown oreoihdet Beigeatal

and vergiiGaltidal aasdfeini®s. 2. I n the second type of
vectorization, the vectors may be fornmed by grouping

t oge2hdn thé seond tiwead vednpizaiont theofeciond miaplbe fommel by

whi | | t T al and by .
o oup HEDuSRE eshy FREdaeC i B e Rltrarte e
col urrnsrrymﬁmn@ah@ MPBET g1oh§ Sowd alﬁgﬁya%r ng B JSPRS Jike-

In both these techni ques, the vect ori i on chan es
bet weernndéxed rcompamnts: of mnitlrth: eolgfos m%uleTtmphemamlugsheahD
addi ti Cﬁg’f ost remappi ng from one vectorization

f or mat 3 %ﬁ@u%rl ng the conputation of the

t r ang{ P& thdit6dhniggs, bcﬁe @é&@ﬁﬁtl\éﬁ ché¥ped Ibw&ﬁtthé/ Fow and
vectorization techni qu does not i nvol ve

cpbgmtramsﬁmgns; eThmeewutsr@@rd@rqmb@c&geﬁrwppe@cﬁmmMe

BBl PP AR R AR i
b‘é’%kﬁéﬁsw‘éo Ak Qﬂémgﬁ\vd%ct&ﬂz/aﬁéﬁtezwmu@ fHak Hb&hot involve

'Reversi bl e Transform For Lossy And Lossless 2-D Data

reshipiling Sebreen transfodmagesriscdesaribedd@buy. and Tu et al .
P 1
e, PR I B A, 2R3 R B Bons e

SrpRREh, BT S PACHOASHichien ool 015,707, Qéihu@l@@ Ui Verstble
2005) i n’pl enment s e LBT directl y i'n 2 di mensi ons.

Tramsgonnp Emh@%m@a}hmslebs&dlpataa@@upﬂewoni wided December 17,

ABFE 38% oV o PERRS aEHGhOE ARy oS P tyee, Hefersite
SPRAésERIMAI BE-1PHRl- Ei'lli@ﬂhglFbPDipped Blbfhégmhl PhRakfoym,” filed
tw sted remappi ng 1000-1001 i's first applied as shown

Tenpary dthr 20060 HnEJ@mthe bBdcdirestly pn % disengiousi nlhastrapsderm
1010,i s magt%ﬁm B)oper' nto four 4-conponent vectors

cgi bﬁ Sgpal ations.

For a parallelized SIMD version of this direct 2D LBT implementation (and

also for the separable 2D implementation), a bidirectionally twisted remapping
1000-1001 is first applied as shown in Figure 10. Each 4x4 block of pixels within
an area 1010 ié mapped 1000-1001 into four 4-component vectors within area
1020, such that each vector contains pixels from the 2x2 sub-blocks of the 4x4
block. The ordering of components within vectors follows a two dimensional
extension of the 1D remapping (the permutation 710 shown in Figure 7) described
above. Figure 11 shows a vector notation 1100 for the resulting set of 4-component

vectors in area 1020.
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1020, such that each vector contains pixels fromthe

2x2 sub-bl ocks of the 4x4 bl ock. The ordering of
waeorpozent s Wi thin vectors follows a two di mnenBCDO&L006/030565

ext ensi on of the I D remapping (the permutation 710

sho ure escri hed apov Fi gure shows
vecr'gﬁh ontpegteny 21‘%?8“15 &yus Hen?cﬁwet thepropesty %‘?a t groups of 4

ﬁx&QmﬁﬁﬁtHé@ﬁ{a% frahdfoMiSRe MA@ irCABRIBEMY opergtor
vectors thus fornmed have the operty that gro pspo? 4

spageedirsn thc blmlctranﬁmmagie offthedirectr?D hBd appliged aithdemme

i h | th
RePiioSroi S e G ahe tanfBltiedin Finia F2 Ruithe usrtappperator

atnﬁein Yadike @9%1t the Ph¥idn T dte tI‘?ﬁle(ﬁ’ﬁ'f Ahé& i is © laindBin detail below.
lusttated in Figure 12 for the overlap operator an

| n Fi2gRit ePagallad i{mmgnéllt@tlon Qfctle Overlsp @peratordni Ehe SIMD

Refeation ok PanTiimenssraf Laple Binetitednf Sramstommyp
Real iwgah kéBretbe 19¥n |3 PRARI MR odd %eﬁ.‘t S(bf@ﬁg&aflo) in a

Transform Wt h reference Og;;:\lnto gure
lepresd] tequfvp@rlatapplle{qCﬂceoa‘suhlq bosndgridsn Emd mpyp bd done either

t r.ansf o i ed acr 0ss bl ock boundaries. This may
£°r88ﬁéﬁslif{hﬁé’?‘?%é¥%lﬁ@“a’r fter the bl ock transform
520. 1hdhRe 608R 293 LBﬁeln%ﬁ%nh&Yatidﬁm&%ﬁdaih'tH@ above-listed

described in the above-listed patent applications
fekené applBatinny Gisa Briniya8an, R4S ePatenippplisationNoNd 1/015,707,

/015,707 tl bI T F L .
R o RE B iTS Trhnsfitin BohPRL ARt o AL Db s esslon.
280 Becibery, 2004l and Th et 2lPW, Srl“atéiﬁlf)%ﬁlﬁhﬁ&{‘NUOll/%S 991,
11/ 035, 991, entitl ed, "Reveérsib mensi onal

atitled PReveritle éfDmgenanaﬂ_lapﬁB@StBthg)@@dapped Biorthogonal

Tpenarsy et IisRlelfaspsY wesveRer ghiseler fs dhrdieg BRiopfp the
316& PAEEHRT orf tHdncbidf@MeS & ikdwisé, St ﬁl@@bh&ﬂa@éﬂtﬁé ivB&e block

i nverse block transformon the decoder sid
trang fosganrdtha gleedrder sidlec iRisregarding the sipsiah dages e‘sb@mdtanes of the

uPRSdhr PR sl BRRbR (o St bifidlife 34K hadtigs
the GWEEK tBreRBSTALi@rel ) %eQTveHB}% 55&5}0% B&00 of this 2D LBT

i npl ementati on consists of two Hadamard transforns

X
implamentgidnechnsistspfidwe 252 Hridrmland travsiereod Ihifapphied to quads of

rizelb el Sepsio g vietiefy G HEPy 5 r3%ah AbliRE Snse

taenah@®1 md,480oweP by 8hothe AR SRR P trifdfodH qd@o apphed to the
Detai | s of the operations are presented by T al

same pirdquads. Apeinile of the wpprationsiare pessewied by kv cttlaédU S. Patent

ASBEORRS: ¢ HO3eaal HEMRL: Revprths p Dymsanoar FrePos
ﬁ@%g Porf dppBe Biorthogonal Transform,” filed January 14, 2005. A further
simplification can be used in the 2D LBT formulation as described in this patent
application, where the scaling stage and one of the 2x2 Hadamard stages cancel out
some operations.

For the parallelized SIMD version of this overlap operator, the same

vectorization procedure described in section 2.2 above and shown in Figures 10 and

11 is first applied. With reference to Figure 15, the parallelized SIMD version of
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sinmplification can be used in the 2D LBT fornul ati on
as described in this patent application, where the

w@eariozg1st age and one of the 2x2 Hadamard st ap@BUS2006/030565

cancel out sone operations. For the parallelized SINMD
versi on of this oyerlap operatoy, the sane _

S EvaBP Rerist etk Shtlne v GRS sak s Aop IR asoordigipdhe
ﬁ%&l@ﬁ)ﬁ&ésmﬁi)(gures 10 and 11 is first applied. Wth
reference to Figure 15, the parallelized SI M version

of t hé. A=ndptedpt actiar 1 s deb innage b ethee? dimemséshatidata

is inmplenmented according,to the foll ow n rogess . _.
1800:  TOTREIE HieH SHCETAT IR FrsRmPSRER YeROTY Hogoveyin Figures
ot her Zodijaensi onal data working area is vectorized
i nto 4-conponent vectors as shown in Figures 10 and
11. 2. Tieeovevlep bpgratipe imdadtions i 520t 70w petfoR0ed 67 @adhsdx4

f d 4 t dl.i 4 4x4
Dl ocks TSP grarvptmeh e PR FholieR e e dlirated
12. Forin tiihde 9P FRE iHeopdritony Bl Richors ARATED 891V, Y 31,1
v6 V V1 ] using the vector notation shown in Figure 17

ar e usedingTtheyectet ngstien shavapindtigaefld rarabfeds Ittesastepsare

3. First ghef 2xﬁ damard operation is perforned
among R o) AL SBEATSES. oot on 1530. 4. For the next

act i gn HiadQhe bR HREAhhRIbRRRIAS ?&f&rﬁ’(&id%‘n&r@ tfledeat V&fors at
in the patent applications: Tu et al., U S. "Patent
Appl i caction 1f0. 11/01 5,148, entitled, "Reversible

Overl,a rator for fi.cient Lossl.ess t.a. o
Conpt o QST R Prlfh Hat P ine SE3u aRoTis dsfoled in the
U. S. Palatiit afifiR)atiead: iMeret bR, UKL PARat ABdlicAidhiNe.ad/015,148,
"Reversi bl e 2-Di nensional Pre- /Post-Filtering For

Lapped eBtitled,h RguersiblaOxadspOperatorifbelifivaent diogsless Data

2005) i erfornepd. between t tors..v3, an 12 . 5.

ot at | Sorehisabty EgEDGRhe s 2 T Sh i SoPatene

vect or spppifeatidh Mod1 /025,99 ThagHedr R FBSIDIY 2 561 oh Al Pre-

operations that |argely do not epr0|tfparaIIeI|sn1of
2)

dat a. @Postifiiliening Ferleapped Bikrthogand Tipesfarm.s rﬁlfsé Jangainl4,

L S T A T A

abovg. qpfARdnsAFS0 AFLpdreIrhRa MMk BoRpSERtISY thBQectors, vg, Vo
and vy,. These are mostly sequential operations that largely do not
exploit parallelism of data.

6. Finally, the 2x2 Hadamard operation is again performed at action 1560

among the four vectors [v; vg Vo vy2] of the overlap area.

In the process 1500, the above operations are performed in-place on the
indicated vectors. Further, in practice, there are some cancellations between the
steps 3 and 4 above which lead to further simplifications, as detailed in the patent
applications: Tu et al., U.S. Patent Application No. 11/015,148, entitled,
“Reversible Overlap Operator for Efficient Lossless Data Compression,” filed
December 17, 2004; and Tu et al., U.S. Patent Application No. 11/035,991,
entitled, “Reversible 2-Dimensional Pre-/Post-Filtering For Lapped Biorthogonal
Transform,” filed January 14, 2005.
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i ndicated vectors. Further, in practice, there are

sone cancell ati ons between the steps 3 and 4 above
waokioci2ieend to further sinplifications, as detBCT/E82006030565

the patent applications: Tu et al., U S. Patent

5 AR e
KaRhaes mﬂl‘wo-fl)lhﬁﬂﬂ@ﬁﬁpﬂpﬁﬁeﬁggggfb%é? ?ﬁgﬂ?n:;??,g,g | a

U.S. Patent Application No.
" Rev évfter theeoverBp wpersiansibpitied 16 Bid 22 BubtlecksnwgitlEara block, the

330855 03 BIREFTE s f4edp I Br Packeeoeiprnae. B bloek ranstorm

opefioh Respsd the thde PhdvbiZRRhl28htOR i%ot%éwzsihﬁﬁ% data

apped Biorthogonal Transform After the overla
bepreeattbe overlapidi tdockt warsfdrmporationbl ocks within a

b1 ootvich Bkl R End o fs el fur GenGHar 8t fsPledops
tFRSFOBRATE pYESIneId ZBbidaY to theRIRWikg bﬁ)c@léét 1408C %%g{réfcés@

shuffl e data between the overlap and bl ock transform
bggiss atithoths imgge or wetfkérgaree stild vedtopimed tyethe tabidotp 45 Hl (Fégure

(T Rer BT RSt GBS Rg" B BEBal Abb. SRénpBbkad, in

iR RS wiekd tht Bk TRGSTORN i¥VBEik s BEpIRES (RS D! qatPAbRE iRt
by the action 1510 (Figure 15 or the overlap

thpeveatapropsmtetioasess h5¢9 being first @pplivd, tHe. proness 1600 fiiseaad

hand, in_inst wh the bl.ock transformis bein
oBBE iRl Rl SR fe et tns edoBrty
Oper af Gh (RS RBBHT adiRAA 18801646, thS traddIBirh BappliRg 1P ERLEES
1600 i nstead begins by perform ng the action 1510 to

provi déledkel X9 theimnagei Far examplg, the veethes [Vowpvofs] shown in

actions..1610-,1640, the_.transf.orm.is lied to each
axa bl SR ReorhiaF TR TP TP stoPt ks S G al
[vo V1¥oc¥d] shown in Figure 13 are used for the top
| eft bl ock. These steps are repeated for all bl ocks.
2. AR. &\tfa first actioni 1620,1b20x2 Hadaal dperativarid perfera¢d among

i's perflgr mid agmng these 4 vectors. 3. At next action
1630, &S 6% re perfornmed within conponents of the

vect 9r At nélt adtion 1¥302Mehtibds art1RERALE Wikt l:cYmFonetnts of the
ol

sequential operations that |largely do not exp
par al | &eptom, o6, Wiatzeand The Thesteare vwstlp seduentislcbparagioas that
et | o BB TS R Bt e
" Rever giehiled TH BRPa8mEbFscakifss Brifdsd0 85 S¥atent Application
No. 11/015,707, entitled, “Reversible Transform For Lossy And Lossless
2-D Data Compression,” filed December 17, 2004; and Tu et al., U.S.
Patent Application No. 11/035,991, entitled, “Reversible 2-Dimensional
Pre-/Post-Filtering For Lapped Biorthogonal Transform,” filed January
14, 2005.
In alternative implementations of the SIMD lapped transform, the transform
operations applied to the vectors of the block can be those of other DCT-like
transforms (instead of the reversible transform described in the above-listed patent

applications).
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2-D Data Conpression," filed Decenber 17, 2004; and Tu

et al., US. Patent Application No. 11/035, 991,
wepio7viwdy " Reversi bl e 2-Di nmensional PCT/US2006/030565

Pre-/Post-Filtering For Lapped Bi orthogonal

Tr angfor fi]Jed January 14, 2005. In alternative

i mpl ﬁen&ﬁe&‘ﬁgméf the SIMD I apped transform the

transhppdmaRe 6ﬁé e?a%lj 1I5©QDET ’a]taﬂ oMfi9%06 r&fesgegea four

bl ock can be t f ot her e trans or s
wWayrG2dd el anfiard Imansfema isa findamentas firod repdatsd vpération. nWithethe
applicatj.on Ext.ensi ons For

-1 d
brosramact orTaS By Ratestorzation Aariied i FtResTHbm 1L the
saeag eﬁf&ihe%g)% Smﬂﬁﬁgctﬁc{/rv@{bﬁgft%ﬁlgk ggttgese vectors.

2?tun arrenta epeate oper ati on.
Fmpiﬂnpn rienths otvmdlm egtrityr, tthesoabng opéraon bkewisé uat bapadornred

0 d , the 2 Had d .
st T S ok O (e mucelir 0% Heje By (et 1550,
1‘699? ﬁ{e%arti:dl'l"ytﬂ'é?éllehfz%le t RisQY &S B&ﬁu%ﬁ the iir&ﬁtlon'\:i[%nvolved

scal ing operation |ikew se can performed as
arslentical ilOneperdiams (thﬂlam perfommoed é’stEtvmepmxsrcﬁ’ daiﬁpmnts within

) B BR e e 0 %a0h AER A G sty and

shitt 8bdrMshsl Nvol ved are identical 1D operations that
are perfornmed for two pairs of data points within the
4 cobperie mord@ingﬁf davhegepanenttin dresvastors,ghs finbleoutput of the

|l eli hift, t .. Du .
RSB ruERs S onicromht Bt BriBRalY o1 4 ISR RrartsgLas trapigorm is
sbail 1@ H;dwthe%etﬁb%eﬁtg a0s {ior Bt bstpdl BPthe@nes@R R the Thi s
is typically not an issue because tHe transformis

ceupngseet] bitstreane rIntth@pmléélﬁmpleanﬂMatm, thelsca afray talyed jmod
t he encoder i ﬂflt he co resse strea

o FosPRIEE GRAl RS 1S BSERA T GoBac gn 4 Alpon e LoRIBGiY.

account sife Eéﬁﬁéhi&mﬁ @&hhf&fhe 'Px%ld%%g@ﬁm'e\{ﬁvér gf)ecp&ohﬁggonal
al gorithm conplexity. The sane parallelizati

tmaes:ﬂonnqwepbﬂhd@rdenrofbmmtmeﬁoge ahéppetdlapaopmaﬂooganmrsed and

f k t f
o SPL B Siora g of0-1 SOt uiL ERaba0rin Hisush bt iae BheeR prravessed.
Tll%%@ora@&@ sBatpAifedR) ishi38 td Pogulste HRSIABEH da\f@axf?gf GR8 $hd Sutput is

reversed. The reordered scan pattern i s use
affopdrds remdpped ipamadacrsnuersato, thamipphng showpuin Flglre 10.

afte rds..r d,in a rset i ng

Showhi el BEERR SechpiR SRp Hatds foF BB VbR Ea AP e
u@fﬂ%@hé‘r@%rs%ﬂs%ﬂ]@%ﬂeﬂ%rﬂhUE&r%‘WBfo?t‘hbg&fal %hmn% &K noted in

versi ons of |apped orthogonal bi ort hogonal
the disgfseionwf thxsblotlo treasfomm process 1600, the parallelization may be used
for block transforms by themselves (i.e. without the overlap operator) as well.
Transform and overlap sizes other than 4, and dimensions greater than 2 may also
be accommodated with straightforward extension of the parallelization logic.

The cost of vectorization is minimized by performing the remapping to the

twisted lattice on the encoder, and remapping from the twisted lattice on the
decoder, during the stage of color conversion. Color conversion in the decoder is

generally implemented sequentially due to several reasons including (i) multitude

of color formats, (ii) lack of word alignment due to 24 bit pixel boundaries of many
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the di scussion of the bl ock transform process 1600,

the parallelization may be used for block transforns
whyooriewss®l ves (i.e. without the overl ap oper apCF/PSHE6/030565

wel | . Transform and overl ap sizes other than 4, and

t I b dat ed
o GUTRR o P o Qo AGRE: BT TErs rH8e on
ddﬁﬁio‘hal %@@opﬁa&a}o@{é Skl akd gﬁéae%wr%omggﬁ% 2Ehi¥nal and _

performng t pping to the twisted lattice on
feciticadesryse aorﬁ this pamfiplizagioh tevimidue forvéwtatipéréidrinanee on t he

decoder age qf color conver sion. Col
BRSS! P e s Bt gt araenip o
lﬁﬁ%@qh{réjtéd)’or%ﬁl Batiod FWRh3he ?@??ﬁﬁggﬁ rkg#léé\?\ﬂg?gn Q'r%tated and/or

mul ti'tude of color formats,
lalera;]}ynamrtadiumdndmm thig cqni i beechipwed dathi amostfnoniatneasd iarthe

nee perform clippi ng on decoder
%Ve CEJI d]é’?ﬁ’%}’tl onal cost of remapping over
and eg,bovecq.,gll ¥firshpent S M nimal and facilitates
q e

use of this I'l zat1 on techni que for overall
per f diwahoee dempnbedemprﬁsentﬁtwet ¢repdeniddn(Figiere Bhpud déoveged00

(SFa B PE ER b st helh Loer PR Smal s oo s ysine

th@haﬁﬁﬁmaEglla%hi@foﬁrt@dmyqulew&flseeﬂerﬁfrm%atozﬁt f adVdivty ty of

can b(_e achi eved wt | Mbst no increase in he overa
deyiges itawhishaligitad mpddeasigyal pBoceeBm@ istpempriEad, molgudmgt anfdng

ove described represent enc der 300 .(Figure 3). .
& GaBlSr CFRHER] SO B MRS HURE HETHES ARt ebiving
Rugirhheganablciiass bRy eks] ﬂﬁé&@@rﬂ&r‘%ﬁmﬁé* A &beThé a{g%pﬁﬁala

paral | €li zati on techhi ques can be perfornmed on any o

c@dmtﬁdlwqws cde b dmpleimrentediin Ihamivgar@ aircm’arw @ welyasin d1g1ta1
CeSSI n erforne Uﬁlﬁ i ncl. udi n ng &ltaher .
PqB¥°€§S P §xequage” a\‘iP BIF 8EBYST Aigrputng

én'i/ﬁﬁﬁﬁ’fbﬁtshﬁh @%ﬁoﬁzﬁ%ﬂ@ﬁ‘&l?qu' pment ; portable video

pl ayers; video conferencing; and etc. The digital

medi Figwe |1ﬁgllmSét@tﬂS|acgmsraba¢d trenipipbbasutable compratingnar e
cireuitry

Eshblinbt 70 S essned SehinEer Se e fapemefted. The

oaiPthb @ﬁw%h&hé&'(["ﬁm)’ls A4tGhteAGeSIBRBdsR aﬂr Hﬁﬁﬁtiéﬂ as to scope
Figure 17 illustrates a generalized éexanple ‘

cﬁ“ wise abﬁmct;mqhﬁy pﬁ@leenwmmnn@rthe p@em)quntmmmary be
e UR e B est or PP g Bbotine

eﬁluggﬁrggn@ny limtation as to scope of use or
functionality of the invention, as the present
i nverWitiorefenegchte Figpieehve fitecapmiputis g wavisenment (1700) includes at

19557 6hé Ilar_o%gsrs og%?m? {lﬁ Fa Ida melggr}}) 85750)C cimi‘l{guregﬂ this most basic
configuration (1730) is included within a dashed line. The processing unit (1710)
executes computer-executable instructions and may be a real or a virtual processor.
Ina fnulti-processing system, multiple processing units execute computer-
executable instructions to increase processing power. The memory (1720) may be
volatile memory (e.g., registers, cache, RAM), non-volatile memory (e.g., ROM,
EEPROM, flash memory, etc.), or some combination of the two. The memory
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environnents. Wth reference to Figure 17, the
conputing environnent (1700) includes at |east one

wW@e@ceswiIfng unit (1710) and nmenory (1720). | n FCOURM06/030565

17, this nost basic configuration (1730) is included
ithin a dashed |jne. The processing_uni} (1710)
L st g%m K venershins H&%@rﬂhe&réglg!an?%@ be a
ehe@dm%/ﬁe@oqfﬁg i REREE5R M clizhHofidllihighedr 0cessi ng
mul t7 pl e

syste processi ng units execute
conput eorepeingt aalvirenimest may havensldittonahfenenee Foresesple) the

ower.. The, nenor 20 be volatile nenory, (e.q. .,
BBk PRV TE: L RNt SBhan (17 Dl Py 0B bt Govices

; | . i on
(o§ t)he t wo. r'Ie'}hde irrergglfg?glglgg)@}’%?%%g%o ?@w%r e E 1@%%?19
donpéativan{177§).t Ae itesonhémtdndngihbaismniadt shown) such as a bus,
encodi n /decoq{:n and transform parall]elization )

OB E AT RV T BRRSERTIISG S SPR FBRRTERIS il PRURN(nE environment

N e i :
Q0. SRRy PRI, cyiioin SHRTERE (ot SEvEATBYIdED G operating
amyirenmepubr deédwer sdovrd BEEuting e therconguuéing ehpindnrdenti( L E30),
311760 . and one. or ﬂ%‘r:e comuni gﬂ{l on connectj ons
aéi f?e%d?m%&?ﬁ gy iies Of HScOBINARSE 05 e AIE R SHB AT MER(# 700).
as a i-nt. C ;
oLy StorERNITRY Shy bEFerISBRY ot oAl EHEIPEC fbfides
agnietialdisks, mpgett itapgs sy sasseites pPEDWROMS, AR-RVguny Ds, or any
ovi des an .operating .envj ronnent for qther, software

B et ok Fart e ka0 Ko tatoB and bagipfan b gposssed

. VL ; o . _
RN th bl b 700° THRIRARGN946] bt insiructions
foetheasnBwald @ 780) ingplementingabé descaibdd Emmided/dscodagusing the

di sks, mm tiC tagles or cassettes, CD-ROVs, CD R\,

TRArLAUZAHNLCCIBESm whi ch can be used to store
| nf orRGHLAN deiide(d (150 BE a36EESREE dvidy
conmput | rllgﬁgnvi r%mﬂs %I%%O) .a%The g?or age (S%%%%)ga keyboard,
mowsesgen, s frackballpmgoite inpuh dedod, avwaamiflg d80e, or another device

hoTHeT G B e PO DR A BE AR SO0 e gt the inbut
&%&egszggas%ﬁé Pe IRBSaR drQHs lor clna%e tHR\HcE&HtS Hedlo Fpuf in

keyb e, pen, or track , a voice 1 nput
apelvigae digitad farmmiong 2R @M, reader dred phevid sienvidesaniydes to the
provi.des input to.the conput.i i.,ronnent (1700)..
oBispuitgrey eientn e oubwr et E 0y mRape bel Do hiiarer
sgéa[léér,‘t'fDS\MEeh% aﬂ@tﬁbﬁ@evﬁ%aﬁﬁﬁ@iﬁ@ oﬁggi Rom R EomPuting
nalog or digital form or a CD ROM reader that
epvovndest (A700)o sanpl es to the conputing environnent.

The (ﬁjl% %grtnn?u%\{(i:a?igg%z)mgelcégg()s) {%O?gna%ledcizg | %Xicagcrng (r)]\treerrd

communication medium to another computing entity. The communication medium

conveys information such as computer-executable instructions, compressed audio
or video information, or other data in a modulated data signal. A modulated data
signal is a signal that has one or more of its characteristics set or changed in such a
manner as to encode information in the signal. By way of example, and not
limitation, communication media include wired or wireless techniques

implemented with an electrical, optical, RF, infrared, acoustic, or other carrier.
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speaker, CD-writer, or another device that provides
output fromthe conputing environnent (1700). The

W@ oomaziee®at i on connection(s) (1770) enable PCT/US2006/030565

conmuni cati on over a communi cati on nmedi umto anot her
The conmmuni cati on nmedi um con

conp tlt ve
i nf oﬁhﬁ{&?%‘ﬁ& P&Q‘“’éé‘ﬁﬁ &%@Pl%lﬁeb@neama@ herflosey &‘quly igike
A EEREH SR SRR P OB AR BNy
aataliahj@rmedtarthat dmasbecaneeseed withi: axfommmnrglmrzﬁcﬁmems tBe®ay of
set or cra in squ E manner as to enco
fﬁxﬁ‘FlB%rﬁ‘r rlﬁlt%tr%l: witgdag cowwnaﬂomﬁbﬂém%ﬁamﬁ@rer-

d
reAdBbIeL A in U THBNGEY (1720 Sl (1401, Sothaibaibn media, and
copibizdiions RFanyi off tharleale. acoust ic, or ot her car rier. The
di gital Jredia processi.n hn| es herei n_ can be
GoSeh diE Rella T ERRr Al tER st B i mhs s dashe
gREHa PeorfE TR L6 ﬁt%ﬁ-@%@u@ab’f@ﬁb@u&foﬁs AM%h AY ardsémc%déa%a
that can be accessed Wi thin a conputing environment
pmgmmyngqlules; dripgexeartet mot cdmpritingtdngironmittort hearget real or

C utin rongent (1700), co terreadabl e nmedi a
iR Bt oSt e TR o bafromht e MRS To R PHOEHE D o
liEFé}ie@; ijEéjcs CAERES) BbhPSRen®d, dé‘ﬂﬁ%trﬁf:tu}égeet@blﬁﬁ Eper J}E-r epartlcular

di gital “media processing techniques herein tan
tapds or irbpldmient paracwerabstiactclatut tymes. dFhe functionality of the program

c ter ec ctions, such,as thos
iy BHEaHBRR fr IR e B era PR leuts deuirgd in verious
eﬁ%ﬁﬂﬁérﬁ!g @%bﬁ@ﬂ@%&t% Astrididal f&e@fbgl%fn 8ahré§knay be

processor. Generally, program nodul es incl

emmrtt@dw‘éghlnm logalaqm;lstﬂlblnccécmraputmgqmmtosment asses,

conp a structu t hat. perform

par t 8{1 Sfblfea@@escﬂl{# %ﬁéﬁ?ﬁﬁ‘gfl?qccl@Flﬁ usgsderacikgat a
“Hote@sine, Pheehdrae ‘an Itwncpf‘ 18R, %@é&ﬁg}ﬁ &

conbi ﬁgd %re split b@tsvveen perpgwrgam rméu | es sltdg)gl re 1895‘31na
cpmpuemg orrosmrndi Méemwmhtgérleee&@bmmas for operations

PRHpRy £ 55 er 2t ST ABERE EEiERR G S Pricmsty o
hir@¥an bBRgS AR RfuaPERBRNERSPePftions BErrEgloat n%C{o Ues6 “cérﬁfs'xﬁgy

uses terns |ike "det'erm ne, gener at e, adj ust
depamding'ort nplementatien.conput er oper ations in a corrputl ng

t.., Th t b t
For BREPEArspEmBRr poRilE v iotk Sinbrec bt e barab Rt
hbeirt QR d1gi8lad\bilrinveikion RE rsfl@l{ 8RBodhefts HsTRLY &ﬁh@ Githil'Ge

act ual conmput er operations correspondi ng to these
seapered theafojlovangeldinprorequinaleatsethemtd.on.
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In view of the many possible variations of the subject
matt er descri bed herein, we claimas our invention all

WG eahogwibbdi nents as may cone within the scopePGf/Us1v66/030565

follow ng clainms and equivalents thereto.W claim 1.
A nmet hod of encoding digital nedia data, the nethod
Werdaim! ng: re- mapping (710, 1000, 1001) conponents of

bl [ t dj.gital di.a dat Q) .intg. t
R R R S L
740, 1dathppit@Q710,4000, 18029 codufidhbntsldBlbclef ofanptARSita iBdia

can be applied across the coggonents of bl ocks on a

ditn(I0&0) imén 2 sestaf yactors(1024I890en whirhsoperatigeg(Y2h g30H#0,

hobagh duTbo iRt 1, PR APl o rpTEDN a8, o7
JongponesB V€ bio¢Rs bh @Gkikle MBRhidion, MRARIPIE gatbasisf r ansf orm
conpri ses perf orm ng at east one oper ation o

I
si nglaeplyig thetrshm (I Qite blcliapEhs digite] eredisdaty typigryce a

& of SRR B PEnd (O 3L AR e ERELRP ioPRE bulchfin goviying
thS @raiEb R SoRprisdsai effotming e | @ishondepekdtimsdrod Single idstruction,

| apped bi orthogonal transform conprisjng an overlap
mpltiple daimbasis on dekvertornelf emmonenis foy pkleckyamdsf or m

bei ¥ N . AN !
dat o e E9%0) B e R ot Bich e Bty
Ar eastheuesthépf 18indd] WheveMthb hasdeim &gl lapbed Blonths gorhl

re-mappi ng groups conponents into vectors on which at
trawfrmgemppringtn overiep filiee and a plogk tranpiosm, thedlegk trangfqrm
one_operati . K . 0 ' .
015 8 a0 Bt oL B R eited AERLORL ERDBRBR Htt being
appiied B eveinbardRoveilagpic Mjeheigblsdksd aappl yi ng t he
transform conprises applying said at | east one |

oper avhesein GridirRananping SPUPS FQrBRONEHE i8le; veckars pp ydyichyjideast
operation of. th I f '
SRERBR o o ey bR B Botadb Bl e block yransorm
@iiebef?bh@dj a@bssChaicmgonoMiesieh inklecingtudtidas inulitpte-data basis;
operation of the overlap filter and the at | east one
@iger ati on of the block transform each conprise a 2x2

Had d .transf . ( j. . '
SO s SR sl
SRS the 6@drRipl flfer P k&t iapTeagtiiplei operattiontof éhe block transform

conponents on a se(%_uenti al instruction basis.
on a single instruction, multiple data basis on the vectors.

3. The method of claim 2, wherein the at least one operation of the overlap
filter and the at least one operation of the block transform each comprise a 2x2
Hadamard transform.

4. The method of claim 2, wherein the overlap filter and the block transform
each comprise a rotation operation applied to the components on a sequential
instruction basis.

5. The method of claim 2, wherein the vectors are 4-component vectors.

6. The method of claim 1, wherein the transform is a one-dimension lapped

transform comprising an overlap filter and block transform, the block transform
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5. The nmethod of claim2, wherein the vectors are

4- conponent vectors. 6. The nmethod of claim1l, wherein
wo b@7oemnsf orm i s a one-di nensi on | apped transPOY/I$2006/030565

conpri sing an overlap filter and bl ock transforn1 the

bl ock l.j ed to_ bl ocks of the

it R S ﬂ@ltableﬁha&atq e B&?rt@ ir being

a@f)]@éd RbviePlap ¥hk BBl & Ftﬁb&i& &l oi ni ng bl ocks;

d wherein said re-nappin ups conponents into
v e ct oiheraym saifh u‘@-hl@pﬂg@teﬂpsmmmpmpemtaumo Ivectbrs drewbichrat st
filter .and ratjon of t

eGP o8 He EaR SRPCa gL ST SRS blogk tgnsform

cah B |a§ lhé'&séd%é%tth@ébmﬁﬂﬁehtsﬂhlea datR ikasicBon E}Hgltlﬂheﬂﬁé Basts,
sai d applying the transform conprises applying sald

dndast one operation of the overlap filter and said at

| east ,one operation of bl ock t.ransfor.m on i ngl e

| et PAETSED RE ably i B amsroR S EotReY Ame iR i &t fepstoné
opBfitiBR Atk &ferlﬁf) it @nd .&M"& Etelbﬁht bhe oﬁéraﬁ@@& th@Mock transform
operation of the overlap filter and the at |east one

thﬁemaglﬁ dnstoyetiorh enttipleldata lmmfcmtﬂm gecthrsco rrp rise a
od ,of cl

tt | t . 8. T ] ' h
over 114 MRROEH it ERETPBCRS £ B7 PF RPeaten Bbiiomedets
fIIRE 3hd B RP&IAécsheRitRni (Tdhd Blobk &afTRR BEH éon%hs% a butterfly
sequential instruction basis . 9. The nmethod of claim

S@,gewherel n the vectors are 2-conponent vectors. 10

0%, TB6 BRlo R8T Sy BR s Med PP Al shdineBIgUR e

eaaec&hpﬁ@sa mtontdp@fbﬁtoﬁragphém tHBtHRFoRdhtd R sequenttal
conprising: perform ng said re-mappi ng and applyi ng

indimictiomhefi®or mto rows of the twodi nensional nedi a

d t d d th

o s andPE AR GG BRertints WE s Al ZeGmabRentapdots”®
192t aThd metbd S ath OfwileeadhdigithOhbdih daRAL AvblatiRensional
encoded accordi ng to the nethod of claim 1, the

datscandi the treesfbiog i aipncrdimansiopali teansfprm @muﬁthgd tfimsher
transformcoefficients fromthe conpressed bitstream
BPEEP™ ¥y the decoded transform coefficients in an

arrap ee@t@lﬁh%@&d\f@-et 10T Bin SRRtk RS t8rows of the two-
i nverse of the transtorm can be applied across the

dimensidngyd media data; and

performing said re-mapping and applying the transform to columns of the
two-dimensional media data.
11. A method of decoding digital media data encoded according to the method
of claim 1, the decoding method further comprising:

decoding the transform coefficients from the compressed bitstream;

ordering the decoded transform coefficients in an arrangement of vectors on
which operations of an inverse of the transform can be applied across the transform
coefficients on a single instruction, multiple data basis;

applying the inverse of the transform to blocks of the decoded transform

coefficients to reconstruct a representation of the digital media data in blocks,
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coefficients on a single instruction, nultiple data

basis; applying the inverse of the transformto bl ocks
wotooieiedecoded transform coefficients to recoPSI/USING/E30565

representation of the digital nmedia data in

ocks, wherein appl ying the trapsform conprises
vgr&r?laraap glpe IWQH%EPHBHBH’BH%?S&WW 3 legshgpeoperation on a

shrp?d Il frﬁétﬂﬂl mftith1t BheS e %gkelge;{,%g%g ioir;gr n3f66h BbctriBlents; and

ormco i‘clents;

t he veotappmgtoonmponents bf thle vattoadigeatEinitiab hrriukgenting bf thke digital
rr%gia data. 12. At | east one conputer-readabl e
PEED %FF"ng medi um carrying the conpressed bitstream

nco
O oF £ e REGR bbb PR DR ol Sfying the Bmpressed
hilatrears eocaigd abedriimg tﬁdte method ofchiimgilt al nedi a data

310,, 320). to,.be encoded and/ Qr decoded; a processor
171@)31§+%‘g%4msachar Hecoa e ROREISHNE: b ocks (1010)

of d 'agl'aia%toﬁggbﬁ‘ffg%ﬁs%ﬂﬁé Pmedie Bta (4 ?@t 965 té gg Qncoded

1020) on which at | east s© operations (720,
aﬂd@rd@’@ﬂed?GO 1410, 1420, 1430 1440) of a transform

can be ac%pll gfbéross t he conponents of bl ocks on a
si ngP®PHESIF (LB RrogaPmeAle dat a basis; and apply the
transfor ”bfd%?@l)enfeﬁtstﬁ%l :11(9 ?1@10 bf Hfigﬁa%gﬂltazﬂata%ﬁﬂ(ﬁn a set of

data, wherein app etra m conpri ses
per f &ectomg(80®;e10@t)) bmawiuchsza ﬂnmsbmmmpanatsonsr(nm &38j ™), §50,

the. BPGck10, 1t 1B 40885 atsTug vt e et e
medi @oﬁgsﬁenttsoéf meens%xp@ﬂﬁg@%ﬁﬁﬁcabﬁ %ﬁﬁlﬁﬁt@ da%élbasﬂﬁ @nd

di gi tal " nmedi a encoder ands or decoder of claim 1
wher ei n t &ply tertsdnsfommi (§50) todtheblbclos ofﬂhhd@ta:hmedla data,

transform havi n | ock transf.orm | i ed, to adjacent

b oe Rt A fe Bt Lo B Bringult FLlgod: Sre:

appl bg&aﬁé‘nsod@ﬂh'e%&g?é ﬁ@&u&foﬁaﬂﬂﬁtiﬁw dEtE%aﬁgloﬁ%‘é%ctors for the
wherein said processor- orders the elenents of

t he bloskkand nto vectors on which at |east some

CFanat or netedre b ghraisd 42 BRieitohfieat et Rlieman,

mul t pphprdaidpiRaehs: 15 The digit aI medi a encoder

and/ or decoder of claim 14 wherein the | apped

lléi or {Thedigitl medénsicodenand/on decadienefislaionaB whenen Wheetraisform
1s a Ffap%\ég IE)}oarl&m gonah %rangfp)rm%avmg a block transform applied to adjacent
blocks of the digital media data and an overlap filter applied on overlap areas
straddling the adjacent blocks, wherein said processor orders the elements of the
blocks into vectors on which at least some operations of both the overlap filter and
the transform can be applied on the single instruction, multiple data basis.

15.  The digital media encoder and/or decoder of claim 14 wherein the lapped
biorthogonal transform is one-dimensional, and wherein the overlap filter and the
block transform each comprise butterfly stages whose operations are applied to the
vectors on the single instruction, multiple data basis.

16.  The digital media encoder and/or decoder of claim 14 wherein the lapped

biorthogonal transform is two-dimensional, and wherein the overlap filter and the
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bl ock transform each conprise butterfly stages whose
operations are applied to the vectors on the single

w0 p@oo2iests on, nultiple data basis. 16. The di gPCHIS2006/030565

medi a encoder and/ or decoder of claim 14 wherein the

l.apped bi ort hogonal . tra rmis twp-di nensional, and
%@f%wP a5} SPREiS? PR Bedierdc o ot vhosr epesptipRsEn
SRV tosBe %égtoﬁb&?tmrsglgl%i% : &foﬁ?mg&gﬁ@daa%aa&! .

applied to the vector e sin I nstruction,
Wl t iThe digltel mediesersoddrandidrelechdsr bitlaime did awteneindies processor

and/ or decoder .of claim1l erei he processor is
i B PO SR R BT B GiFrgioh eiﬁnzf@ta diingra stage of color
%he&@falh%f@%g ai@gaﬁn&ga%taqien%%n%ro@%ﬂﬁééﬁ on of the

igital nedia~data between color formats. 18. At |east
dhe ddigast ene canplabl-raddde ratordjngeaidinm caryiyg agomputer-

t tgble digital di [
RO TR BRURRFmE PRRERERGFODT G RESOP e BEtd of
ﬁf@@e'sﬁnga%gaﬁal hieQia®id) 9Re £RIHRH I pBisinge- Mappi ng (710,
1000, 1001) conponents of bl ocks of "digital nedia data

( 10109-miappmed75@t 1060, 1) oomp¢ladrOof Woks afiligitel oedia data
ti 20, 7 % 750, . 760, 1410 4 3
GBS bf St K20l AOpemmipich aperabipBs G 2Bn 20, 748 5o,
can . . g .
TRTPLIEN130,0143D! ££405 001 t8nstbAF & bE (%,%‘551%;& dtcg&g lt%&sﬁ@fn%ms

dat a basi S, appl ying the transform
affeboolts gh adingte distrudizam nidtiple ddadesia; set of transform

fficients (360, 362) for. t tive blocks,
Ce gl R 8o U bl o e RS M Gk proyee
JeEASHanS TR QREfAAEAS (T Bﬁ@) fof ! BsPelfid Yok therei? applying

mul tiple data basis on the vectors of conponents
the tredsformdompusssipegfo(18818)at latstcmdienapefattdy ohtaesinglgirtsaiiction,

[ ta to/f d bi.tst 9. Th t
e St 8RB OREH G b0 ek W of 1 ai m
18 whgd i) (336) Idedbhe (4n0) %headihﬁﬂﬂiﬁé’dig H%attb%%;ﬂg%ﬁmpressed

transformvconprising an overlap filter and a
hitsweashor m and sai d appl yi ng the transform conprises

f ' t | t ti f..bot h )
er Hf of frodtine SRR TR P B et R gRe sl of glad 18 wherein
th&FhdAsrnd R lappid l'biﬁl'tﬁo%ifehhﬁtr%%ﬁi SnpEny ﬁﬁb%ﬁa& #itbr and 2

The at | east one conputer-readable recordi ng medi um of
bdocki trans ®romh end 5aid epplingthe yramsfornh eomprsesiperformargmatileast

erform.ng at, | t so ot at | erations of hoth
sPiis Goevipts O bath 2Re oo Rk Bed Bk Bineloms Anectndft |
iR@ficHon, multiple data basis on the vectors.
20.  The at least one computer-readable recording medium of claim 19 wherein
said applying the transform comprises performing at least some rotation operations

of both the overlap filter and block transform on a sequential basis.
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