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remdual frames generated by a temporal encoding process that uses motion
compensation. During spatial encoding, frames are broken into equal sized blocks of
pixels. For example, an uncompressed frame may be broken into a set of 8x8 blocks of
pixels. For each block of pixels, pixel components are separated into matrixes of pixel
component values. For example, each block of pixels may be divided into a matrix of Y
pixel component values, a matrix of U pixel component values, and a matrix of V pixel
component values. In this example, Y pixel component values indicate luminance

values and U and V pixel component values represent chrominance values.
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[0008] An uncompressed video frame may be derived from a video bitstream by
reversing this process. In particular, to each matrix of coefficients in the bitstream is
decompressed and the decompressed values are de-quantized in order to derive matrixes
of transformed coefficients. An inverse discrete cosine transform (“IDCT”) is then
applied to each matrix of transformed coefficients in order to derive matrixes of pixel
component values. An ideal one-dimensional IDCT is defined by:
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where s is the array of NV original values, ¢ is the array of N transformed values, and the

coefficients c are given by

c(0)=v1/N,c(k)=~2/N
for|<k<N-1.
An ideal two-dimensional IDCT is defined by the formula:
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SUMMARY

[0011] Techniques are described to approximate computation of an inverse discrete
cosine transform using fixed-point calculations. According to these techniques,
matrixes of scaled coefficients are generated by multiplying coefficients in matrixes of
encoded coefficients by scale factors. Next, matrixes of biased coefficients are

generated by adding midpoint bias values and supplemental bias values to the DC



4 coefficients of the matri xes of scal ed coefficients.
Fi xed-point arithnmetic is then used to apply a

W@ e@Rs089™M t 0 the resulting matrixes of bi asedPCT/US2007/072088
coefficients. Values in the resulting matrixes are
then right-shifted in order ta derive matrixes of
pi xel conponent values. The matrixes of pixel
@@fﬁ@n@mf thgInpsgxesrad sededhcasdindipitedF ixed-ppwd pethmetic iixisn used to
?pé)éﬁ ﬁltrau&s‘;fgrm f:flglresu{tl Xeﬁ%‘cﬁ%esﬁ%t rlEIlS)%%g r}fl&ae%n%d\pﬂleg pnet gresultlng
AREDRP ﬁf%&ﬁﬁdnglﬁl@hﬁtddhﬁ ofdteal dérhnéensfixeh dfqﬁﬁll CopsidAevalues.
transformg| [0012] In one aspect, a nethod
Ebaprairses o Wﬁlgcoan@@fsmé@h@ﬁ aps therepqmiyined foyaeate matrixes of pixels,
PRERILATS! pRDi ok EY MosBTRA Rl o@RPNuiblc matrscs of
piaclsglecanptescd uviag tloridedl itveasesdiaorere domren‘rénsﬁoren(l“ﬁ)CT”)
Tr znsfor med coeffi Ents i.n the vect.or g)f§1 ansf or med

Hd 2 F {repnsfispechraemg ‘%B SXMAEISS JRigerseye efdutterh stipsrgoperations
Q@ﬁﬁ g&ﬁ?ﬁiurﬁ%rg @J@a}% Hhﬁ@ot’hhﬁ) MELIRof WbursOLEEcients in order to
coef I clents usi I nverse di screte cosine
gerensé @ vactorTc (bfetramsfohmdd ad>e§ﬁc1emnp Traefrimad soafﬁmannmldtha vector of
unit to ou

BT disaelia Bk 4+ AndPhPition SUEvieS B B3 Fgduced by

MREFQiRE theA0RE 6 fRtce @effdiditd @MSan idBMART QNS cte cosine
between results generated by one of the butterfly

apsfernyr Ehe mpté@éﬂise ﬁgmaﬁsps causing & meHrtprofentagopanit to output
guedq‘t?lrg?o} gfl%lbkl)é/ 51ﬁnals Tseg {1? &ns ¢ 1gr}éﬁt: Scoghﬁ,callefr{t%r ﬁl %:’I (Igctor of transformed

Gc&lfﬁ@éﬁftd @ﬁ@@rs@bez BEveah @eSDD§ bérevied by dicesfane B@tteatﬂyl structure
negative differences are of approxi mately equal
pRrians@ad resolie Bpt vauldhsieresrated by en caaivakent laéterﬂy structure
SRR G NAISE AR, T LB NERR f posive
ﬂnffeeﬂme@andtnegmmmdlﬁfeﬂenc@mm yf @ptcrm&ife@r ¢quabmagnituelet or

rce coefficients in order to erate a
&”13} ﬁh@%‘ﬁ%ﬂ’e&b &{IFYICP SRNBIISeS R A 58 O%é??qe“ifi tg‘ﬁ’t wes a
bdtick BELVREHP Etr@tutte r@@étl@ﬁmﬁg&ﬁﬁcflhﬁhﬁﬁﬂés t%ra‘foply a transform to a

approxi mations of values that woul d be producéd by
vectorsffopwica goetfﬁelenfe@m ordepfo goaratea ewedrfaf ¢nae$folsn¢ds¢q¢§ﬁcwnts

t
ThubOffet paRiCiRTG 5 SRS SO orlE RS0 PRy Au i Simgptions of
Valgédthg wo g 8k prddas@rbyoiardsfaRed ?ﬂh%@c@f)@ff Joufde@BEFicidhts using
the vector of transformed coefficients. Differences
petdgelapveresdiserstegopias dredony Aﬁ@ed@ar prepantaiontuaitiip gapable of
é}es&&tng gd %E)eeorr%Alﬁn% %nﬂ L& tt%an%ﬁ)%eé{\?géfﬂ igﬁts in the vector of
1b an ‘equi f“‘b Fuctur e

am@f@meamoaﬁlcmtw I])hfffé’f’eﬁ&@ bptweeh $¢saNs aerickheEby encdfhe butterfly
centered around zero and p05|t|ve di f f erences and

HEEAHTE PRCTEtiorseind desaudts Hrab woplddhsprcasiatadity ap cdyiralent butterfly
ﬁﬁ&@dr& ngf&tlot[ Qﬁﬂ? dntt rﬂlt@d| :@%P%ron AR PfeLdtic afe Q&Yérgf ?round zero and
conpri ses neans Oor using a series o
pottitiver diffgreatasunat] negatopelifitrenaes agroflappectipatiyteqnalmbegmstude.
[;ﬂg??ffl%l ﬂ{transformtoavector of . sourc ¢
dF [TnORReE 25y ch A dsYior GorpIeey meeRs foriepy or gping a series o

Bﬁt@cﬁ‘ﬁ{r %ﬁ@@re%@@ﬁaﬁb&! &Pﬁy?ed po-[ﬁtarﬁr?ﬁ&?ﬁ%‘%pﬁfﬁlei A SFRALS al VRctor of
the vector of transforned coefficients are

sppecsdciedi¢sng afler to ghlgelstet heactonod frdndfernpdoube ety

Y r r ffd.ci
ga%rs] ol;r?lg cone?ﬁéllgr?ts 1ne &%%ector 0 t?alflns o%m%ggoeflﬁgleg{gta% alflpsi)rmgmatlons of

values that would be produced by transforming the vector of source coefficients using

an ideal inverse discrete cosine transform. A media presentation unit is capable of



an ideal inverse discrete cosine transform A nedia

presentation unit is capable of WO 2008/ 002897
WERMBBBO0D7/ 072088 5 presenting audi bl e or viBCHUS2007/072088

signal s based the transfornmed coefficients in the

vector of transforned coeffigients. D fferences

between results generated by one of the butterfly

Bltesmmg radifparratisiola sicanld besssithe gandfenmodmordicimats in the vector of

%nesr 0‘211?1{ gﬂcog%ilcheéltSUn 1ff\ré?e|tn§%tbe?meltn§ﬁe%urll% gn?rﬁt%tbggo%g IQf the butterfly

aerhet efgerationshdzedults ad wopRishd devieradidf fyenesi@daloanbutterfly

negati ve differences are of approxi nately equal

PHEUFRITE Qg@ratlor[ @S()g%]lﬂlll’ﬁlt%@ﬁélpn ggﬁg@qtlc age centered around zero and

I LS
R e FE A Bl MG BTG nRT o PR Y e
Hn B fothvu tipect, la)toﬁllpntd:c-tretﬁkieble ogdiah conprin instructions. When

fixed- tgl nt nunbers to ap g %/pa transforméo a_vector
BYCCHISE P HISEHEUONS aUSGAREPOISEPr JR Hesr Ateaicy Of Bty giucture
B%él‘é‘t?cfn@ OBk g %%frft 'nﬁhl%&rs% appl¢ "al%fa%fﬁﬁﬂ t& Q6L &b CORRBE Ficidhts in
the vector of transformed coefficients are
alpipr oxdemarateonecctlr of alangsrndratoctiondnds. bErapsfoduarkeabeffinyents in the
L A SRS o B GO P R produced
bﬁ ﬁﬁﬁéﬂ@&mﬁ@ thedlcs@r 6AMRcd RRIMIARESHRY art RIcSIAHF@sAdibB e Rosine
presentation unit to output audible or visible
heptenns Hessiastrustiony alps fanserEts pragasess to paushe mesiés presaptation unit
OroaugI?Jtor cgl%ge 0\{’aV|r1]Se1§18 f51gtnﬁfsf ereted{]o%et%srelnts)% & ﬁ%lr gss 1l1’|1 tfle vector of
epsf@iicdnalep dDifgsthdes béthatn multﬁgézﬁra@@nw &icast thy bateerfly
equi val ent butterfl ){ structure operation usi n?m
BHRICEHE PBeraporscingirgtilta that wioktd ke generatedivvemerquitielsphbutterfly
éﬂi GRY eraﬁ&?h&h%ﬁnlﬂhftédgér%a&%ﬁ aﬁﬁﬁln&%gl‘% &éﬁ?ered around zero and
erehces are approxi mately equal nagnit ude.

p&ONG] dlffareamnd as %ivetdln@eremp ateecrf appﬂnd&bdttelymdalumgimde.
B& gifart of a qq?rrputer a roduct, which rmx

18] foscmsrispshe sreompissapagiabls Seest R Y fRyT Bert Offgomputer
GRS BFodRECFhRMRLOGAGId Maﬂd?é‘dtﬁ’tg{% d0ld®r used in a device. The
conput er-readabl e medium and in some cases, may al so
cqmlbluaa)rpgi@ka@rpdng:t meetygnéladsthe compuier-Thadakle pzddien,aid omsome

more ex nglugs are set for h i n the acconpanyi ng

8‘1‘38%% SoRg Uit RACKASIRE MATES - bel ow. Ot her f eat ur es,

N1 2L rRe d@Ritk FhhR vk AGRS cRfm1&eark RMEBith althlabdomp¥@ying drawings
mgar ent fromthe description and draw ngs, and from

h@ldasolﬁmtlolgmlaw @E@@ﬁpwe@@mtﬁwmw{%@q@}w Fhention will
d
B b Bl B A R WA SRR AR HREBL B T 5°

is a block di agram illustrating exenplary details of
an encodi ng nodul e. EF&E 020] FIG 3 is a block diagram

illustrating exB TOROBDEANENGS nodul e.
[0021] FIG 4 is a flowhart illustrating an exenplary

K94 Bht1@nl isfa bidvk deagrandiithgstrabvig hie cxenfii@@ 2lcvick Ghat En¢aslemnand
flo haré%J | ustrating an exenpl ary operation of the

desd

[0019] FIG. 2 isa block diagram illustrating exemplary details of an encoding module.
[0020] FIG. 3 is a block diagram illustrating exemplary details of a decoding module.
[0021] FIG. 4 is a flowchart illustrating an exemplary operation of the encoding module.

[0022] FIG. 5 is a flowchart illustrating an exemplary operation of the decoding module.
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Media source 4 may also comprise a microphone to record audio data. Media source 4
may provide media data to a processor 6. Processor 6 may comprise a digital signal
processor (“DSP”), a microprocessor, or some other type of integrated circuit.

[0032] When processor 6 receives media data from media source 4, an encoding module
8 may encode the media data. Encoding module 8 may comprise software executed by

processor 6. Alternatively, encoding module 8 may comprise specialized hardware

within processor 6 that encodes the media data. In still another alternative, encoding
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integer value. The scale factors have been selected in such a way that factors within the

one-dimensional transform may be approximated using simple rational numbers. In
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encoding module 8 may apply an entropy encoding scheme to the matrix of quantized
coefficients. For example, encoding module 8 may apply a Huffman encoding scheme
to the quantized coefficients in the matrix of coefficients. When encoding module 8
applies the entropy encoding scheme to cach of matrixes of quantized coefficients,
encoding module 8 may output the encoded matrixes as a part of a video bitstream.
[0043] To use temporal encoding to encode a frame, encoding module 8 may divide the
frame into “macroblocks”. Depending on the coding standard used, these macroblocks
may be of fixed or variable size and may be overlapping or non-overlapping. For
example, each macroblock may be a 16x16 block of pixels. For each macroblock in the
frame, encoding module 8 may attempt to identify a source macroblock in one or more

reference frames. Depending on the coding standard, the reference frames may be i-
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the DC coefficient is the coefficient at the top left corner of the matrix. As described in
detail below, the addition of the bias values to the DC coefficient may reduce rounding
errors when decoding module 12 right-shifts values produced by applying the inverse

discrete cosine transform factorization to each row and column of the matrix. These

rounding errors may be attributable to the fact that these right-shifts are substitutes for
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rational fraction and then right-shift the resulting values by the log, of the denominator
of the rational fraction. As mentioned above, right-shift operations may cause rounding
errors because right-shift operations in fixed-point arithmetic do not always produce

results that are equal to corresponding division operations.
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coefficients nodifies the adjusted coefficients such

109a2] im;zlelatpleiewdem predingveisams.tdeeeting mmgelefldrmay wicxtld spatial
g%cgg if?{llmﬂgle%yr@gg %E?]Vgrtggiﬁgaqtegfé%mg ixgs ﬂ,ﬁ(ﬁ’l}aln;[gz%jf coefficients in

X 8didid MAREDE thePratB&ivel Rl ] InAliliRion 9&REHiAL nt@utd® may use
matri x of pixel conponent val ues, decodi ng nodule 12

ﬂ@;ﬁntrg@mmﬂ@gécmrmzw dseodsi the motigp veesatsi afi itkypredigtive frame.
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mambb‘mki\bﬁ(ﬁle rdfa%ﬁﬂd figmcdarahi prea&tlﬁayraﬁﬁﬁf@amrdzine@ lsth the
of pixels into a video frame. [0052] In order to
BOHBR ¥CHOBr Adice genpertimgdherecgpstiyaicd dramsd decoding rﬁ%yﬂ%%adds

g{%@l %ﬂﬂ} aht vaflRE ALY fptu?e(’f BRIIYRSRE G4 9? ftéﬂﬁﬁj HARRYE c&?esRondlng

eco e matri xes of quantized coefficients in
piasi @bmqionemt&ghle‘s ar cdrhspqrdenl pikels ef fhreatenstrocteditame ohe result

S fignar dsdeccimEaiet Poficuo RS of ﬂECS‘?;S?ct i ve
f008BEThe techniques described in this disclosure may provide several advantages. For
example, reduction of rounding errors during computation of discrete cosine transforms
and inverse discrete cosine transforms may reduce the visible errors in image data and
may reduce audible errors in audio data. Furthermore, because these techniques may

apply to fixed-point calculations, these techniques may be applied in smaller, less



Next, decoding nodule 12 may generate a reconstructed
frame by "noving" macrobl ocks of the reference franes
w@Roosle28pT edi cti ve frame in accordance w th thBCT/H8100T672088

vectors. After generating the reconstructed frane,

decodi ng nodul e 12 adds pi xe{3 conponent val ues in

each pi xel of the decoded residual frane to

eanples d@‘ﬁcﬁSn spchpis asbile éﬁr}mm@m, pwbluﬁé dligital assistantp emdipersonal

the rec
Batiftoft IMPRBRFRRIRS CFbBucr B TP ML Fac®prbblgimben
Maehax@mﬂ Ligsted ﬁﬁ@btxﬁﬁd)ms fin ﬂﬁir&nadmss‘d ptﬁrti@rﬁs (8RY, three bits) while
provi de several advantages. For exanple, reduction of

ﬁtébemnmm@ PYIEY Rreelsion rli@q%r@ﬁﬁmSeﬁp%ﬁecbby thedaytibute of f&gchcal and
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€~ VI S rrors in I'mage d
inedtpoeataliolf tufferceder dn sddhnom ubkso t@tahﬁluesi:may he appi'red,to formats that

Do RLTE e S R EDDALER T BRSO LB T
Fe‘é@ﬁlhfehdat FEHIR, i’—ﬂ%ﬁ! POZROT 8‘?@?1@% g%ﬁ%@ﬂﬁ&naﬂo”hal

conpl ex devi ces, as mobi | phones, personal
@lrgmtzatlolaﬁm Sgetmiatdszatlan dISeprdBQaViovime d’iicautpﬁ aypars. Gtonp (MPEG)-

P BB bt NG s AR TR 2Ty | T od munber

ffoshy FEG.2Ns b BRIk dieidrh SIBR RGOS &R Got8ils oftRE&SAN hfoahle 8.

while still conplying with precision requirenents

Epeqslitg l@ddltiy Stm@ qomrmmﬁ @gtset mﬂdell:ew i Elgse amglules rnay comprise
El.ectr En i.ne tand |re
%u(‘;)rs]%:ts Q soft a 1ns 101(15 EfE %?nc r por at A d&@ernatlvfe eyr’ ese rnodules

hay adﬁpflsmcfahp@@oieamlﬂmau €% mhdaaltampiw@ @hefs@modules may

formats that  include International Tel econmunication
CHNRIIsCSP L IBstustipBhandepegpl-purpeschardwase onmendat i ons

tﬂﬂ%g As H.‘ll%ﬁ% ed 1 %@A&xa&g%‘of (Fing)e c&Hin ghulg% includes a frame

natlona gani zat1 on tan I'zat1 on

i o)l hﬁﬁ(ﬂel\lﬁ)\khatt@oﬁtrcltq whesheExipexding a8 phdeEsks a 1jdeo frame as
MPE , and MPEG.4 Part 2 me({d a format 0054] EIG 2

pyl- a@?&weaucaﬁ? HAme) it mag ey ed ke | Kord t%nCFsW encoding

ﬁl@ﬁ@l@'m@cm% \%d& frarﬁ@ %@&)n%ﬁﬂlloﬁulg 2Wa}p&éq&ﬁh§eewﬁether a

set of "nodules.” These nodul es may conpri'se subsets
blftstltehm foagf asveiaged with thectilanané inshicedithy tholtuhe isgin i-frame, a
Al t.er.nat.i vel nmodul es e .
HEOF e TR dai o LR agp| SPdule 2 dotermines that
thaessStromel ﬂhg fdidYes tRAMRY fr&fe KUNtVRIRe, ifAsid ddairbORSd@Pd0 may
speci al - pur&;)se hardware. [0055] As illustrated in the

eduaprpicevidio frng; tophe pecsednry et af mogulien that e ediatelyarasform
%%gl%{ eglcgggg % %Iéeg \2%15&; ﬁémgofbﬁlrtﬁ% éth\@ﬂ%nlae{f ﬁ%ﬂfeoc%ln{}gl module 20

petechiaéd thex the aame 104 predivtivp frafic @i Ia\lﬁ-pfdd@dfﬁfe ffa@de, frame control
|nstance when encodi n nmodul e 8 receives a video

gl 20fpayneausithe video fe beprogeyscddversef plematdenidat perform

hﬁ,%gl%ﬁgg({l g associated with the video frane
cates that the frame is an i-frame, a predictive

fﬂﬂéﬁ}sEnmdnag nbdyde 8dhdtdose serienef moduléstampplyopstiadkencoding to
\rfrl?igg lfrgm%g ’ggetsg rnnno]dI{]lFes incql?(le a block splitter module 22, a component
extraction module 24, a forward transform module 26, a quantization module 28, and an
entropy encoding module 30. Block splitter module 22 may receive unencoded video
frames from media source 4, network interface 16, or another source. When block

splitter module 22 receives an unencoded video frame, block splitter module 22 may



the bitstreamflag indicates that the frane is an
i-frame, frame control nodule 20 may cause the video

WO e@a®02807 be processed by a set of nodul es thalPCT/US2007/072088
i medi ately perform spatial encoding on the video
frame. On the other hand, if fgame control nodule 20
determ nes that the frane is a predictive frame or a
priparstetic draimednfortdeeks of paets. ddael wilittermddule 22 aygyrovide blocks
CAUS vi deo ne,.to b cessed by a set of
IOTDQ‘}U%?I(% %ﬁor{lponen{ or mCtl? g?lglzgencodl ng. [0056]

[0S0 Wign oo bﬁen% ektigdtiod @rﬁodalesl?—f 1e€&vEf a BIBelbBSxEl, component

a ﬁ spatial encoding to video franes. These nodul es

PEICHO MR dple FAMEpEqny e PLYPh eRIMBOIERt valugsafsasekel into a different
r ;

SR RFLAHSTROU 5 Sy AT RPN, P8 v

froohud ReBGrecBlBlak (REBI) toler fomrz{uioethaYOﬁﬁb colec &irwat. After

unencoded vijideo fr s from.edi a source 4, network
%V@anég ¢ Rigclsgp therhledkelp tRoUIEEN! dlehopPel ROMRQfIent pxdraction
AR © 4984 r‘?g% %'aiée[ﬁe ?ra ﬁpélﬁmgﬁtdvaﬂeg &0t &8s ith@6lock into

splitter WO 2008/ 002897
ﬁ’@fﬁxbwﬂﬁﬂbtbbmaentmlwe pEmaetxenmhe compoment pttoachboologule 24

of pixels. itter l e 22 may  provi.de ocks
Gy Brdii & i SEYBbisb e Rt Bt Rt Sp BaFites from
WheRo808MARERt TRXYakick GFtci i lﬁlg%%@%@@f«‘ x@1§ @ Wi@skpecify red
of pixels, conmponent extraction dul e nay convert
dirse@una@émﬁmﬂﬁ, apd|the6h yhluensechy J@laule clhmrmnan% of pisyein tWhen
go%ﬁélen (9. @gtrl?n l’élgg. elx "iﬂ%’ i; extFarcgef%Q[H e%t &?x)é% r0 Cltxl cnomr{)t()o%%!g)values
C(thﬁtfneflﬂémt:tlérﬁmbhﬁie Y@n@l polide edddrdtahe méfrtx%ﬁ separately to a
converting the pixels in the block to the different
ayd tFagys 6 éhent extraction nodule 24 nay

ﬁ@@@fo &%/apﬂi %‘rﬁ&f&&!'ﬁ%ﬁ ?b@f@ée‘ﬂ@e% a%atflg of Bix)éf &nsﬂo%ent

'ocK T Nto hatrTixes o pi xel conponent “val ues.
Fdoese fmwpfcbt,ramﬁjmﬂneatule e« gemites}aﬂnmdm&traiﬁéformadl cocfficients.

xtrac a matrix of. Y valu matrix of Cr v S,

EReh et B oarbf SENeq sosifcistis st apq%ﬁecéent that
J&Bﬁld%e\iﬁb&lﬁ:%d B %§1‘n§ ¥n tlcwﬁl Riivaht d'iﬁecte @hsifd ‘?f@ﬂs?ormqo transform the
val ues ‘specify ' red” chrom nance of pixels, and the Cb
malriesf myd cpmpomdnggaloby. oni nance of pi xel s. When

O RES s Eh R0 SORTR Ao hr e R icauepnty a one-
8ikondioh1QhnETReH 6 thRAm Y L6 Pk d @oRPE ROk alube mﬁﬁ%ﬁx&apomt

separately to a forward transform nodul e 26.
YhEmetio i rbg aﬂwﬁwe@ummmm Cerczmsiiaé@eéu \F@gmétaﬁm rsmﬁlleifdevwes

;puc)ﬁ%l O%WB?QS ones lfl?fﬁot n %ﬁ%ﬁtcu%t%glﬂe%éé%ﬁrform

generates a rans orrre ent

ﬂ@z&ftfgl pm&rahthmettch IE‘»rWﬁtiﬁta)ﬁsi@fmSﬁc&iu@2@ﬂ1@§ beghakscess of
approxi nates a coefficient that ul.d be produced by

gaergingihs patix afsedled eocdiigienta by l?,fbé’r,hlﬁélgtqaﬁlﬁ af he miteh camponent
Loaas TRy rfﬂs'ieﬁ‘l%e, AR drll XrafRlfoRth ﬁﬁ)lduféoimﬁ%ggéne}’a% Y&Rutrix of adjusted

coefficients by left-shifting each of the pixel component values by a number of bits of

precision (i.e., the number of mantissa bits) of fixed-point representations of numbers
that forward transform module 26 uses when applying the one-dimensional transform
plus a number of bits of precision removed by scaling the transformed coefficients that
result from applying the transform. After left-shifting each of the pixel-component
values, forward transform module 26 may perform the transform on each of the row

vectors of the matrix of adjusted coefficients. Performing a discrete cosine transform on



[0059] Forward transform nodul e 26 uses fi xed- poi nt
arithnetic to apply a one- dinensional transformto

W@ b@seaspT xes of pi xel conponent val ues. Usi ngPCT/US2007/072088

fixed-point arithmetic my be advantageous in sone
ci rcunst ances. For instance, gﬂaller devi ces, such as
nmobi | e tel ephones m ght not include floatlng poi nt
@rrmhtof rtlmmw‘ee@tqrwﬁéﬁ it of adm@atf’td@effmlmts genictaieres linetrlx of
ward. tra or.mqodu ocess
g e%“élre%{ate Coeﬁﬁcmﬁ%t | ’% b ? f€a°c og??d.“?e. ey Berfm’m the
tredsforahod éacﬁg)f@l&Cd'd)ltﬁﬁn tz&t&oﬂ@ iof elle rEQAR QM ﬁn@rme\daiw@c&,fﬁ&aﬁs.
i nstance, forward transform nodul e 26 may generate a
Rﬁtfqmungafheé@jné:f@ﬂ”é @n cagheofthe celymy vsgtoresftthe Aiafriy efgnisamediate
o AR 1A s FAMRARS Y 4AL AR Porauber of bl ts of
preci sion er of manti ssa bits) of
[(]0)69}1A;ﬁtﬁr gincraipp elsembaixi of mmnstbrmwmlfﬁclertth dorviand wandorm

nsform nodul e 26 use n I t.he

B8 B2 PO IS AT RA S lmenaaag&% %ﬁﬁgw%%mﬁh% Qafgyx of
HE&?&&G@.QOE%YI%%M&%&Q{ écﬁ& &8st %%@&f%ﬁ%elow d?codlng
coefficients that ~ result fromapplying the transform
wbtlele IRendy whithi¢ fenpraatoiclicst healplactirs mahpeprdivation of an inverse

vaI es r rd ansform erfor

VG WRER Rhatd GRERE RETE oE nfor SRR e b i tgpmed
aslirastag b?‘%’&fsfchl%lf%b@ foRRAkiAFamk 08 InsHukEIEinay 6@?’uﬂﬁe resulting
transf orm on WD 2008/ 002897 PCT/ US2007/ 072088 5 each
ohtrihe seond geaffipiests oF quantizafianrmedwé 28d| ust ed
@ﬁ%ﬁ A gn&tugntgzﬁggrtq %to 21&72@8?% rlxlfe)é r%lgri[l%tlrmr(n Om) 101eaté%rorn forward
peidtehiinbbele 26[@m$1f1mtmn0ﬁbcﬁ@@18 by hentize hwahea ebéefifigients.
of the matrix of internedi ate coefficients.
ﬁ@?ﬁt&aﬁvm@%@ 2Bragrsquniromc seded eetiigients B uvgiichieet By

f

Einchiifie Tthd dodhle SMBEIBARELRpIOOF! EOGRbR, IfRbIdndWith the
YHRHG-dtpart@ stdrelarduantizefiort madwt AR med 1o éid ol beiigsjuantization

forward transfo nodul e 26 scal e ransf ormed .

BGEPY PGuanas Caﬁff{ﬁqlﬁselpérﬁlatf}a@?ﬁ%ﬁ@qeﬁf GRS FRaap tstragie:
transfornmed coeffifgienrs. py,di m e factors.

As descri bed belomg dégoagnég hLdggeEi Sﬁ$y use the
reci procals of these|sgahe|bachenssihsthe|application
of an inverse tranC?nr§1 gw ) ?grw%rg7 firapsf orm nodul e
26 has finished s¢aoilng Qhezsramsﬁsr d30(oeff|C|ents

by the scal e fact ¢ors—forwardrtransformnodul e 26 may
out put the resul tilR§ 2%n@3i%40?658&l A(8defficients to

guanti zati on nodulle,?2 ] antilzation
nodul e 28 receivecE% 2% %g Eéfzgwggfgg 2% s from
forward transformuodyll eq26s gydgglggtggm nodul e 28
may quanti ze the gsealredreogtHietrgnrts—Qqnti zati on
nmodul e 28 may quangpzeoct B& éQdBéd3ﬁoé8fﬁbients in a

variety of ways d{ependin ne iI——Btandard
bei ng enpl oyed. FosgngnﬁgeggiasaégogH %ée with the
MPEG 4 part 2 standard, quantization nodule 28 nay use
the followi ng quantization matrix to quantize

coefficients in a matri x of scaled coefficients for an
i -frame:




8 17 18 19 21 23 25 27 17 18 19 21 23 25 27 28 20 21
22 23 24 26 28 30 21 22 23 24 26 28 30 32 22 23 24
wQ@2008802897 32 35 23 24 26 28 30 32 35 38 25 ZBCRBSB07/072088
32 35 38 41 27 28 30 32 35 38 41 45 WD 2008/ 002897
PCT/ US2007/ 072088 16 Furtherygre, in this exanple,
quanti zation nmodule 28 may use the follow ng
Ew@hﬁﬁnz’m, ioi snexemiple, ﬂ@atquamti medle @B fmayi Léﬁ thy foHowing
scal ed cO ef ent r

R ihopRR'F ufiBEL EaSiSb in § myfhin B 55165 10Y 1o Rl
ﬁ&d&ﬂw@&&%@cﬁcnd&fr&ﬁeZO 21 22 23 24 25 19 20 21 22
23 24 26 27 20 2122 23 25 26 27 28 21 27 23 24 26

27 28 30 22 23 241861271281802812123224325 27 28 30
31 33 [0062] After—ogganttzation—moduier281generates a
matri x of quantized7¢defiPcP@nis|22¢RAd by encoding

nodul e 30 may conpr ess, f Gapii zed
coefficients usinjﬁgai9=2§rgg E%ngg ggxag'hene. To
conpress the matrixg0bgquanbdszeq |69ebfiieyents using an
entropy encodi ng $ehenre; entr""" end¢oedirrgH nodul e 30
may organi ze the qQantized 2Eoéﬁf26iéﬁt§8into a vector
by taking a zi gzag_pqrrernmo e coeffiiciients. In
ot her words, entragyz%ng%d?ﬁczﬁnaﬂl%gséonay arrange
all of the quantizegsl gge&ﬁig%ezy,zgr 6h§1tmo
di mensi onal matri x_of langize npf?lrlpnts into a
one- di mensi onal veggog4oﬁsq|anug¢ed 3coeﬁf|cients in a
predi ct abl e. Entr opyencotingrodu 360—ay then apply
an entropy encoding schene, such as Huffman codi ng or

FI06R DA GuamBsitRE mbdulé DS o VRE4E a ﬂlfatrl hhitRd coefﬁ01ents
coef icients. [0063] Encoélng nodul e al so i ncl udes
preopyrenaestieg modulesd may mﬁr@%ﬁhﬁc @mfm@f quagtiged giopidicishts using

fr LI yst s

éeﬁlh gngtgﬂpp{ ge%g(g{lﬁ éﬁ]g{ne @I Q ?&s tl{% %thlﬁ o)é n?lltl coé:ﬂﬁg‘gnﬁ% 'using an
Stropd ch€6ding tdhdhiechtiopat rmccgiemgema&mle 130 m@tdrgaxﬁﬁe the quantized

coefficients into a vector by taking a zigzag pattern of the coefficients. In other words,

entropy encoding module 30 may arrange all of the quantized coefficients in the two
dimensional matrix of quantized coefficients into a one-dimensional vector of quantized
coefficients in a predictable. Entropy encoding module 30 may then apply an entropy
encoding scheme, such as Huffman coding or arithmetic coding, to the vector of
quantized coefficients.

[0063] Encoding module 8 also includes one or more modules to perform temporal
encoding of video frames. As illustrated in the example of FIG. 2, encoding module 8
includes a motion estimation module 32, a reconstructed frame generation module 34,
and a residual frame generation module 36. Motion estimation module 32 attempts to
identify a source macroblock in a reference image for each macroblock in a current
video frame. Motion estimation module 32 may attempt to identify a source
macroblock for a macroblock in the current frame by searching for macroblocks in the
reference image that contain similar pixels as the macroblock. Motion estimation
module 32 may search areas of different sizes in accordance with different coding
standards in order to a identify source macroblock for a macroblock in the current

frame. For instance, motion estimation module 32 may search for a source macroblock



and a residual franme generation nodule 36. Mtion

estimation nodule 32 attenpts to identify a source
wore@soiserk in a reference i mage for each nacrp@l/084007/672088

a current video frame. Motion estinmation nodule 32

may attenpt to identify a source macroblock for a

macr obl ock in the current franme by searching for

witbinoisl avedkihal in pixeds 32 pikels mndeby spieckshagh, wottthe purrent
Rb B! A8 5uBeteHe «PRALEE: °hen BRSPS o Al 52
ﬁ!éﬁ@iﬁéi;&ﬂ‘b@rd& rhdtréblbélefoe atmaeashlowk in Shaniahanhtfaind, @6ERT estimation
to a identify source macrobl ock for a macr obl ock i n

mRdulg dercaleplatasagnetionrectqr dak tha arcrobinckdm thesquiieat frgne. The

BBBH) ST e FBedlon) B R Tl ERAT AT Bl g ndicaes

the dpfferehs i8 Aopkorehlpovitide bbyvcsa tha idehtfiddi sgtisce whacholdud and the
currgﬁﬁ crobl ock at the center of the segrc areg
CSIFTCREIBG ABenatiegbestimgtinp npqdule 32 HEY

BRENIRY QGotioR !y e@topﬁfzﬁagtﬂe% kndole fohﬁftftfﬂl L&BrcE ﬁﬁ@ﬁ)block for each
noti on estimation cal culates a noti on
wmectoblock or therwrrﬁmdmm mdtlomrestumetlmmoéldb 32 maayeproviiie the

ti,on ve for ock in the ent frane
SRR 1R Vel G e TR i uBeont it FERb et
heuireaoat al p05|t|on bet ween the identified source
macr obl ock and the nacroblock of the current frane.
K064} Rﬁmnistmct@ct frima epeatiagupeulg 34 mey use thﬁ:enotion vectors and the
ICG ér(e:r;ilcl:e arnes ome)ltlelrgtg a\{rgg { or %qt a‘?r%e b eCOIlS{I]'qul ﬁgeneratlon

B s OFr Ca AT obr or éac macr o

fnbdul@ @mrrﬁ@t gdneai@Ethe rﬂwongmoeezit firaraé b BppTRidy e ﬁaudsrayectors for
provi de the  cal cul ated notion vectors for the current

sachmpacreplo@ciilic suikang &alﬂl? émﬁleg%@%f: aaceblodks duths rgfgrence frames.
[:PGfs r&%%%é&édlﬁ&ﬁg egégg) Qﬁé‘cﬁﬁ 8&%99%&@1&&% the

Use tHe motion vectors erence frames
macebhicks of the cdfarshcaitiack Havaieen ‘Fiemwa@ te thetpesitibnaimdicated by

ggneratlog nmodul e 34 g@y %enera%e t he reconstructed
SRECHRPRAWRIMALOG eRier theURE 3RS f or  each
RRGHOR ARt geﬁetta{i@n fahRG hd cfa®e B @es%(ﬁié[ Fr@me by subtracting

macr obl ocks in the reference Trames. In ef
pisclmsiponcitedifes anthe geqvastatdtehiramd fiom Q}ntresptnmh@plael component

frame in t he Cro e re er e

FE e SRS LU Eer RS KSR RENS RS ntemgion
tHae _eﬁ@ér&ﬁ@fé@ﬁ@tr%temﬂah&fbr\tﬁ@é&f&lt ahmthe fevrdshinhl frimee.
Resi dual frane generation nodul e 36 may generate the

gesTaligal medudmes @@ewmthatqsmwgl friypsegpsid mereneatieiemodule 36
l%V (Qg tl{e Aoateny lrﬁ%‘ﬁ{ee[g bldcR htt {5 2P} grl tg %e 1n)% é process of
val ue e

ramne.

Eﬂaﬁaﬂﬁ smdd)ldaig the fd@(ﬁiuamzhﬁd eEuI’tI&:‘ﬁlﬁoteDfI@hUﬂb@,tﬁﬂatloﬁlhﬁcﬁdule 32 may
either the reconstructed frane or the current frane.
pior ke theaiotam Veqtors for the epasriiagls tasaiPRy FBodienarogules30 in order

gggh%n{dﬁéésqg%%ofl U@c’corﬁ eﬁfﬁqpﬁle LG AR ﬁg i%a'rt)l?ﬁ tgigér%ldk@ and

rovi e residu ane to b
enachplyen2@ingmoddier3Othas begidad t%&n@ﬂmmmfstream output module 38

may format the spatially encoded residual frame and the encoded motion vectors as part
of a video bitstream.

[0065] FIG. 3 is a block diagram illustrating exemplary details of decoding module 12.
Decoding module 12 may comprise an entropy decoding module 44, a dequantization
module 46, an inverse transform module 48, a pixel reconstruction module 50, a frame

buffer 51, block combiner module 52, a frame control module 53, a reference frame



spatially encoding the residual franme. Furthernore,

notion estimati on nodule 32 may provide the notion
wewB00239T or the current frane to entropy encoRETES2007/072088

nodul e 30 in order to conpress the notion vectors.

After the residual franme is spatially encoded and

entropy encodi ng nodul e 30 has encoded the notion

sterago n@dubt%eamcomtpmtedlM¢ ger@@tlomgom pfatand hgredictive frame

atia c reS| e _encad
BOR R ey & SohE G on e RN bR BIRR g e
§dfvard instruétidils @€ Kedbdagr aoaile |l 21s Altatnatigel g X0RRl cdfayl of these

detail s of decodi ng nodule 12. Decaodi ng nodul e 12 nay
BOAples B1BY SAMEHST BisglalBepas i dsergios figmwage. In another alternative,

f

fHE Bl 1€t BormFRC Lo i OKERRP b AR RGO TREHAE or
Bimwhdeock conbi ner nmodul e 52, a franme control nodul e

. a.referengce fr 2008/ 002897 PCT/.US2007/ 072088
ﬁ@'%l Orhsgderrsing @03911? lgb?cé’%’ﬁ é&ltafe?aéracqqi%m@ggae‘ﬁé MBRH

' I

et Ccofing BldcRRRL Yol (ATDy ERRREL NG oMY atrixes of
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Second, dequantization module 46 may use these quantization matrixes to perform
MPEG-1/2-style de-quantization. In MPEG-1/2 style de-quantization, dequantization
module 46 uses additional weighting matrices W[w][v][u#] where w indicates which

weighting matrix is being used:
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[0070] When block combiner module 52 receives a block of pixels, block combiner
module 52 may buffer the block of pixels until block combiner module 52 receives
some or all of the blocks of pixels in a video frame. After receiving one or more of the
blocks of pixels, block combiner module 52 may combine the blocks of pixels into a
video frame and may output the video frame to frame buffer 51. The video frame may
be stored in frame buffer 51 until it is displayed by media presentation unit 51. In
addition, block combiner module 52 may output the video frame to a frame storage
module 54. Video frames in frame storage module 54 may be used as reference frames
for the reconstruction of predictive and bi-predictive frames. In addition, video frames

in frame storage module 54 may be residual frames that are used in the reconstruction of

predictive and bi-predictive frames.
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[0075] If frame control module 20 determines that the current frame is to be encoded as
an i-frame, block splitter module 22 in encoding module 8 may split the current frame
into blocks of pixels (64). For example, encoding module 8 may split the current frame
into 2x2, 4x4, or 8x8 blocks of pixels.

[0076] After splitting the current frame into blocks of pixels, component extraction
module 24 may separate the pixel component values in each of the blocks of pixels (66).

As a result, there may be three blocks of pixel component values for each block of
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sequential fashion, it should be noted that the

operation may be performed i pipelined fashion.
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estimation module 32 in encoding module 8 may divide the current frame into a set of
macroblocks (80). Next, motion estimation module 32 may attempt to identify a source
macroblock in one or more reference frames for each of the macroblocks in the current
frame (82). Motion estimation module 32 may then calculate a motion vector for each

of the macroblocks in the current frame for which motion estimation module 32 was

able to identify a source macroblock (84). After motion estimation module 32
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[0083] When inverse transform module 48 has computed a matrix of pixel component
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a block of Y values with an associated block of Cr values and an associated block of Cb
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bdedGeisnts. of\ltpmtw@y,l inpg mOdulfdlaftD fmppmelydeigprnal ¢o84fuctures that

xt, fr nndule 53 in decodi ng nodul e 12
ﬁg tB%F@? Qﬁf the current frame is a i-frane
501»8@ WHeh utlﬂiﬁ nmmeemo EERVER al BatfR off dblgaimizd ¥&&Hticihts, input
bl ock conbi ner nodul e 52 may out put the V|deo

modie 1148 Mayarevidefieanatgs of gaofficicny te pecalipg meadulral?, injigverse
h
#r?%rfrcgrﬂl{ él%gﬁle A8 %agg%hné Iﬂg&lﬂg E4i ét{eﬁ{g 4&a§¥ro;rsr%%qecf Hchra%agnts by

ctive

efalind ddch c@bLfTcpy irdde (Mhnng oﬂﬁ)éiqlhe&ltlééd sseEBciats. eS&dlﬁg)(nodule 142
decodi ng scheme to decode the nmotion vectors of th
By pee thecgpiticreontsa thoweririx of derpasiized coeidicrantnty lefthifting cach

gdrf]‘egfﬁ&@ﬁtibg/% HRAE: S RBnHSKE Bith P?edd&caoi% 9951&5‘?&&’&1888%5146 to

one more reference frames in fFane
ropaiste fhédipoigecrecshatiany eomsteryu dvieatissa hmeare ¢HQ]SS)31ts that are to

}Fl)lrgj%i{tl glhlﬁ \égthggg&e Q%’é‘t glr at hg Igracrtlc]lao%lé{ peortslgn o etnne %ergs ?n ‘Ehrl]seway
scaling module 142 effectively converts the representations of the coefficients in the
matrix of de-quantized coefficients into fixed-point representations with the appropriate
number of mantissa bits. For example, if inverse transform module 146 uses fixed-point

numbers that include three mantissa bits, scaling module 142 generates the matrix of



the frame generated by bl ock conbi ner nodule 52 to
generate a reconstructed frane (120). [0085] FIG 6

WO 2008080tk di agram il lustrating exenpl ary detRCT/ES2H7/072088
inverse transform nodule 48. As illustrated in the
exanple of FIG 6, inverse transform nodul e 48 may
conprise an input nodule 140. Input nodule 140 ma '
peakad opeffevianis by Meftoshifong padhaifehn epcfhicions dethoartioy a%/ doguantized
&%gHH%ﬁég.HEOé &ggaple, i nput nodul e 140 may receive a
p0|n%8r { hat® PRdi €&t es a location in a menory nodul e
fo8deuifteescdlihf alodsledMe SehdrttelBierrhatriQlof sebell Joe i @dt§ coefficient
Al ternatively, input nodule 140 may include internal =
biasiag sradyler hidemay graeratast Blatix efdigngt cpsfigrents by adding a midpoint
B8 VL LTS Sanpt AR oYRSALAR e TP QWL fcktPof BERINER gfigaled
omyffigeatyi de discessodtibove, e DIO eddfticicmndfshd maaixsis afpicadly the

modul.e 142 in inverse transformnodul e 48. Scalj.n
Fﬁfgﬂwsntfa CJaR&TERSE IR ARk Rt 18 egnese. @@é?‘f FefbRe
%res@&t@la QN RAGR of BRI Jth & c%@itglcielrﬂ_tst HehdBbAHx Of

-quanti zed coefficients. Scaling nodule 142 nay
HO8BE Thhauppbmicnital bexwtvsluiens & heuetitat causef paberwgLeamors aelchegative

coefficients by left-shifting each, coefficient by .a

AP EY Do O RS €404 1F g pIRO10 DRl S 5745 SHEHBRIFE about

PRgUFer $deplQ thd @RpRERALal biaX @8up &layta @pa@%ﬁ% Blak QWSc that is

of nunbers. Mantissa bits are thosé bits that are to

eqral foefero wihge thefDE wectfigighiiis ponmeggtiveand cawpd t9 negetivopag when

arthkan of. the nunber}). I.n this wa cal i dul e

B PReRriebBF PRGNl B B o R BB D

cagfititsiigatis-binprob@soryeddrfidicafbighenmaiile 284 may use the following

coefficients into fixed-point representations with the
@priate nunber of mantissa bits. For exanple, if

i nver £ or - - :

that Dol LAt Ry oo B S S5 u L AP B Thephghse 35),

generates ¢lhe matrix of WO 2008/ 002897

Iiermi (L Foualh o1 Tr) Gadhv] EmRHGE MdR ik o7 i o

&nstfr AYARL ) e nfRBES bEHRALSDIDMIMNEEHIRABEL HR-the right of the
[0087] Aftef scaling nodul e 142 generates the matrix

pidibspahie dseabsftid cimsfire) pasoaitd by entersebicetsi trgnsferduimedule 146.

44 ) t trix.of hi ficid )
R I T A
YU cht9 bl e 27, wR&t khChemer 03’ dones Mnt iné baE of pREBION added by
coefficients. di scussed above, the DC coeffi cient

perfarpengrie inverseslisoygip eading transéorme okt ¢lpkdratgithia poinhaf & apmber x
ef Al f-. 1 h risX. I, - e

ke R BB ERPEP 1 2and ToBRRE BeehdRgpliy rehrchiing

bpef 30 taed =it (el stated, ROTIBY " Fhe’ sulpphememisahdding (1 <<

bi as_val ue i s a value that causes positive errors and

Hega) teehe PG ectfigient peequpyplay & adging doual? Ti)negRitheBE

andnligbe, on average, synmetric about zero. For

exanpl e, the supplenental bias value nay a

HI0§8} bBdfaptihad 1 hitlestena( D€ edegiciérs >> 15) right shifts the 16-bit DC

coefficient by 15 positions. The remaining one bit indicates the sign of the DC
coefficient. For example, suppose that the DC coefficient was 0b1111 1100 0011 0101.
In this example, with sign extension, shifting the DC coefficient right by 15 positions
results in the value of Ob1111 1111 1111 1111 (decimal, -1). Similarly, if the DC
coefficient was 0b0111 1111 1111 1111, shifting the DC coefficient right by 15
positions results in the value of 0b0000 0000 0000 0000 (decimal, 0).



equal to zero when the DC coefficient is non-negative

and equal to negative one when the DC coefficient is
Woe@aniase? | n order to add a sign-adaptive bi aBCWHE2087/072088

to the DC coefficient in a 16-bit processor,

coefficient biasing nodule 14% may use the foll ow ng

formula: DC coefficient = DC coefficient + (1 <<

P0P0}+-In mothss eﬁffml@lpethc supplaggntal bias)value rhay bas éltl(eil)ng bmefalue-

d ed to ro 0 hi as.
S5 B e B O St 88

fithee g dsntalutad theba dobffiidnt inta 16-6&%&0&@0&,@@ ®68uleB4 may
the radix poi nti used in the transform perfornmed by
Pypvibe &dloydeg Brmukansf or m modul e 146.  The nunber 2 is

dded f ,
?I gﬁt Dtscﬁn Etﬁ g%,?,usggre %ﬁléﬁlﬁs by (?jur 9)) glt%}éo)f hg)
hufobenla’(3), Aiadiestes themuntber bf thantoba pitemi BC atvcéftdad. BYic term (1
EELRSTA s B ° S5ed °1 055 e Bl g 4
%&éctts SerrfOtcLI{‘Q{)éEuQé(r&ﬁoﬁl ga)SISand a nunber z is generated

y right-shifting x by (P + 3), then z = /z.

[(000hECoefSieicst bingdg nﬁ)lé’dtlz 1/4421%8211@ &0l the ﬁIldeHﬁtb)laSmilE: and the

ddi << P + ffi t
St 055 gl silor Bl Bodingfpty s Ghinstapaled
ergfidibmb.emhe ALQRBRcidn®s &y i akcd Al cddFBCib@s M (h@@natrlx other than
coefficient >> 15) right shifts the 16-bit

ted?¢ p@frfémemby%dmlgo@g imifpist bighealnesnd the ﬁ@leﬁriéaﬂowﬂue to cach of

coefficient. For
J[he%ér:oe 1c1ensrna q?lﬁ GEI' 1‘?(21106 Ildl I’II'Oé'ISent was GJ 1111

[101)@@] Q@tlllc&Iﬁdlent DiadidghsdieX ZMEP g@lerew:st the Blafix eXbiaddicobfficients,
shifti ng[ the DC coefficient right by 15 posjitions
HSTsE vectpr transfamygpdide o6 geieratdsia mafix of frepsfenmaed coefficients by

{9y, e oS pREhlig] gagpPote

maafxf ofdiisset codffjbicntsy Fﬂ:ﬁemqﬂé liovssa estr tiansforrh hedukl 14€ may
of OoOOOO 0000. 0000 ..0000 ci nal %1 WD 2008/.002897
BRI Ot 09 laéféme@stew@b@e?y psing dispdreping grihacic tq ppply a one-

éﬁmkl%ﬁwa%fo%aé ¥ & vBRYr BEcGRIAELRS i 1hG nitAR o Blabtr
he dithering bias value is a value that is equal to

c®f6¢1ems Naxtorderse W@ctaddarafcgngmodldﬁ tlhe maygompate thamagix of

egc ﬁﬁ'}f(,‘len ent E)bel%f %t@%{:t?ﬁitﬁ}%}? e g)lgl:e-r dimensional

ﬁr@@sff(ﬁﬂnﬁoeéﬁ&h ml@ﬁn%%f irCthe Matrtx 6ﬂ1nfe?médﬁaﬁé values tExemplary one-
dither(-1 10 (2) In formula (2), P indicates the

figpsionglftr s 8¢ 1Ppsteatadin DA GodP rndil EhelowThe term (1

@?9§FA§8| Ca?rgg g?c’%@_llgﬂl%g)% Igé(ﬁﬁe II(P g nte?at{%_tﬂ% I g‘ﬁ}g of tr?ilnsforrned
pstticionts afheRhifiagodule | PO}, gCoehttiaah@rik obhdigstod cdiﬁfﬂbibﬁts by

1:r|-ifg‘rlél‘rt-srlrllia ingi;l lea?ccl)l oafq[ge E:ohe%ﬁclz?elgcg ?1{ t?lte n?alitr%? 0%/ t?allnus?orglgg ctogf%cients by a
number of positions equal to the number of bits added during the application of the
transform and during scaling. For example, if applying the transform results in an
additional three bits and scaling the coefficients adds an additional three bits, right-shift
module 148 may right-shift each of the coefficients by six (3 + 3) positions.

[0094] Right-shift module 148 may perform this right-shift as a substitute for dividing
each of the coefficients by 2°, where b is equal to the number of additional bits added by

inverse vector transform module 146 plus the number of bits added to the mantissa

portion of coefficients by scaling module 142 during scaling. Differences between



suppl enental bias value to each of the AC coefficients

in the matrix of scaled coefficients. The AC
weowBhIsPENts of a matrix are all coeffici ent SPCHUSI87/072088

matrix other than the DC coefficient. Adding the

m dpoi nt bias value and the sgal ed bias value to each

of the AC coefficients may further reduce roundi ng

gurey isnagk de9 2nd afsubiimegeddti mae wecusidas |tmglerﬁb@¢rle@celt¢meen Xn /2"

enerat es the nmatrix oeff| ent s,
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transformed coefficients by using fixed-point
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each columm vector in the matrix of internediate

V4t8es. Exenpl ary one- dinmensional transforns are

[0005p datng BidsafdeGR DEGoRMRichi rddRb&Whe HIRIF e AlIEH rounding

I nverse vector transform nodul e 146 generates the

AEQISI Kouexampdh spoifigisat biegieg modhlerild may agidta mifippint bias value ¢ to
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a substitute for dividing each of the coef fICI ents

by
Biosingimedalebl 4145m15qaﬁail a sign-péaptive e valof deddli $ug0faglaptbaetksas value

ed b ' vector. tra orm e 146 pl,us th
At Syua T Sh e iy h Y QD Py i At 12
m?h% BiaSRhISc B, P&ay kdiglt oaL& thétZrélvéticnd S%@winwﬁgns than values
D fferences between WD 2008/ 002897 PCT/ U 07/ 072088

zf@h@@@rgﬁeadanﬁ@febla&tf%lugﬁ@n)r diou linstangexgaithoat @zgnﬁylaMW@lhlas value
V\ﬁ@f {h% {{1}?&10% CI enc%t‘@?&ﬂ}e})’érlcal al%r t Oa%r exarn;% ¢ g% Xy = 32,b=

I'X at” posi
Saiid cocﬁ 31,hﬁ@ﬁ(xn ellcf) f>erbeﬂ CeSlonRY oo - -8 + 6, 4amele3Dghen (x, +
errors attributable to the fact in the |[imted.
prech s1bnl s lack RE s purty abaut eeieanacresylkin pregisysivrbw greater errors

(AL, & fl&ﬂ&tltgg%élaées%% %:‘a cti@% IVlciéglff'él‘f‘]f?bS.o],‘Fuf!thermoE)é: Qffferences between

exanpl e My use si Xteen
k4 xebapdint 2 amtg&’ai;erazvhﬂtn)x' isperégder tha 2o GO0V ML, 1s1ledsithan

inb In this exanple, shifting 0000
E)?SBOITB’@P{Q aﬁsﬂﬂmfi%cet%@w i ght by six positions results
[0097NSicALduahveVRh RS Q000 0QPROBOQ B808ms. For example,
suppose that x, =32, b =6, c =32, then d(x,) = 0. Hence, (x, + ¢ +d(xy))>>b=1.
Now, suppose that x, =-32, b =6, ¢ =32, then d(x,) =-1. Hence, (x, + ¢ +d(x,))>> >

= -1. This example illustrates that the function (x; + ¢ + d(x,)) >> b is now symmetric



Hence, 63 >> 6 = 0. Meanwhile, 63 / 26 = 31/64 =
0.984375. The difference between O and 0.984 nay
WO 2®8/00289 a visible difference between the soRECTES2007/072088
i mage and the result imge. [0095] Addi ng bias val ues
to DC coefficient reduces thedifferences due to
roundi n errors. For exanple, coefficient biasing
s 0 eng dacsmey pmcedﬁed@stmﬂlattﬁregremr oédice xi © greater than zero
may equal 2b / 2 = 2(b-1) For
J‘ﬁ%‘éﬁ‘&ent(x“?%salﬁs“ %Pzetr‘%en C=26/2 =642 =232 In
[0098] Bxangiicenativt iplemeh@tioh,teBIRENt biARing nMlu(cPRAGAL add a
0000 0101 1111). 95 right-shifted by 6 positions = 1
didsuosdipoebicooogcobeaddmasigkrdaptivahies yalugd. When coefficient

agiﬂg %%u?ef 4%radﬁ§’ HeNin %I%?asmaqgoé t%gtlééjgf}‘éco\éﬁi] diht t(ﬁ)efﬁment biasing

e correct value o
anMe1@4mqumkeddﬂktﬁmumhaddmﬁgeVMeenw@nﬁnhévhuasfeona
val 009 In ad |t|on t oi nt blas
psg %r dopyfersts; dp gffter 19 sedsch eﬁ@ | dﬂwﬁ) THalas wlegegagfficiont

Biasit Hlo%lﬁ?e”lt@'mg’ ﬁ%lu\’i@'tﬂé%ﬂ&wf :%gn%cﬁ%sf ficient. For

exanpl e, coefficient biasing dul e 144 nay add a

si gn- ﬁ#ﬁbﬁ?@@lbﬂas val ue d(x"). Sign-adaptive bias

val uesadHixe)sray equal -1 when x" is negative and may
equal#galneeﬁ%ﬂﬁg Addi ng sign- adaptive bias val ue

d( x esult in values that are better
approﬁ@ﬁﬁpﬁdﬁ§8thﬁﬁ7%alues Wi t hout sign-adaptive bias
val uezgdsd'n) .valsar (imst@naes) W t hout si gn-adapti ve bi as
value d(x"), the function (x" + c) >> b is not
symetrical about 0. For exanple, if x" =32, b = 6,
and cs=t32, unsigneq ®Xona igped> PxanrpirpMgwever, if x" =
-32, bn=dbinand: ¢ # 32, then (x" + ¢) > b = 0. This
| ack of syn trge oyé ero may result in

progreSS|ve y greater ePrors  when cal cul ating
successi ve predigtddve Viideed f'r @aEs. <Furt herbtor e,
differences bet ween, x' >> b and x" / 2b are greater
when x" is gﬁeat r than zero than when x" is |less than
zero. This'may©al so produce errors. [0097]

Si gn- adapti ve bissdvatueé:;d(x") may correct these

probl ens. For exanphey. suppose that

x" =32, b=6, ¢=32, t hen d(x"):O. Hence, (x"+c+d(x"))>> b =
1. Now, sbppose t hat x" -32, b = c = 32, then
d(x")} -1. Hence, (x "+ ¢ + d(x" '>>h = -1. This

BOOFPMank s 4B\ heidiRe (B éﬁ”%%%ﬁ%ﬁ%?ﬁ s B

eGGEIYUA GOR rcdmgﬁw anatfragmeodhdcesedof predieticefambainddorebi-
greater when x" is ter than t han when
P@dw@g% ﬁﬁﬁlﬁ%thfé?eém‘[“@dg -fipppe &ﬂdér PRFHRIEigHve or b preglctwe

frHﬂE?@}ﬁHﬁﬁhé oPp. %?Hs'ta‘h'c@ rbthde?i'lJ‘&a%H%g@E gaﬁ‘%-‘fraﬁ?e%hétqg

a dith ering bi'as val ue € i nstead
mogdechuiapg ave o na@ﬁmhmatdlxeﬁl%ﬁmmdecfefai videmequmcasdiemgding

144 adds dit th
Boate i Ao st It P o i ndy tE iy caused by
é@doaﬁfg tBé Lh8he bRercnadieinth fledich®e HahbBasel dnQhLAME. In

val ue of e on a
addition, errors caused by decoding the predictive frame are incorporated into a next

predictive frame. If errors caused by decoding the frames are not symmetric about zero
or tend to have greater positive or negative magnitude, these errors may quickly
increase or decrease the values of pixel component values in successive predictive

frames. For example, if errors tend to have greater positive error, these errors may add



pseudo-random basis. In order to select the val ue of
dithering bias value e, coefficient biasing nodule

W@ 2008182897 ncl ude the foll ow ng instructions: #REF/US07/072088
IBL 1 #define IB2 2 #define IB5 16 #define |B18
131072 #define MASK (| B1+l B2+4g85) static unsigned | ong
i seed = OKAAAAAAAA;  int ditherBit() { if (iseed &
ume%uC@esmye @ded:tctl(ve |f1§@@d Ry g k<pizgl cmmlpenent vplaeubging higher

%ha eoe ceo%rcegtélinxgl cg{né)ﬁaent J%Fuﬁ% eR% aeish 1%1 n s%gesglvé Iplredlc‘uve

ﬁﬁm@aﬁ GithhesGOP yRmpropr i dRas@ il oSl Srightniesst IMTbiEis atﬁdwﬁ as drift
set of predictive franes and/or bi- predictive franes

eeR Toeveldchifeerroidhat i fogrisveipdmdy @ Grmied npmbe @ftfraaesgian be
P PSP A e85, DL SRy B0l BBh AN when
paiforgiag Slettranﬁform abihp CixedHpoimahuinkes that bayy laditednanbers of

vi deo sequenc decodi n dule 12 produce
BT Plty L DHESTHHSSIOIEN LA Khon ep R HBIngizhy B fem e
Hﬁ(mb&?%ghé\% %Q&ﬁ% pl‘Eél BE. ﬁreﬁcé' ﬁflftg%?glax%e%sﬁc?a@l&%%ﬁl@manc
frame based e l- rarre ditio error
whos petfhoynigethe diangfotrh@sipg é"nhed—tppm@ nfimbers tlaat bave limited numbers of

|ncor8%rated into a next predictive frame. If errors
P40USA OBy decoding the frames are not symmetric about

FR100] or tsadcting thavaugdbLdtiRkinp ®fstvaMR «Un Ne@alé-Ydom basis
magni tude, these errors may qui ckly increase or

eerschaiecacihprodistivie Sapk hgs e pqt@(ﬂﬁﬁdm@mham afdwgving crrors that have

successj.ve red tive fr.anes. FEor, exa rr
%reatgr Posnh avea nr1£é1§ or erﬁ%rg s at ave egreater neigﬁg Vee fng%mtu% (ﬂlus within

adebupVof 30 Q388 Ve Bedrs U aega/n% 20188 teBtoUfe dqual in rnagmtude
successive predictive frames, resulting in pixe
pishisah inbe syaIDEC BROW gt dhrsruseoaitive ﬁ@owiﬂﬁ BegatiyeRgprs are,

SPIPIEDG AL sl MRl B BBUGeenp e o
eadraye, equabin mhgmiwds, thd birsrsiage kotdiknlyas bdprdpagated and exaggerated
in subsequent predictive frames. This is because errors with positive magnitude are
likely to cancel out errors with negative magnitude in another frame, and vice versa.
Hence, because the dithering bias value tends to make errors symmetric about zero and
tends to make positive errors and negative errors equal in magnitude, there is likely to
be less drift error throughout a GOP. For this reason, more pictures can be included in a
GOP. Because more pictures can be included in a GOP, the overall video sequence may
have a better compression rate. Likewise, adding the sign-adaptive bias value results in
errors within each frame that tend to be equal in magnitude and that tend to be
symmetric about zero. As a result, these errors are not propagated and exaggerated in
subsequent predictive frames.

[00101] After right-shift module 148 right-shifts the coefficients, a clipping
module 150 may “clip” the coefficients in order to restrict the coefficients to a
maximum allowable range of pixel component values. For example, in a typical JPEG
image a color component value may range from -256 to 255. If the matrix of
coefficients were to include a coefficient equal to 270, clipping module 150 would
restrict this coefficient to the maximum allowable range by reducing the coefficient to

255. After clipping module 150 finishes clipping the coefficients, these coefficients



error. To avoid drift error that is too severe, only a
limted nunber of frames can be generated from an

W0 2Gosamms97 Due to roundi ng, errors nmay be greatRBCT/US2007/072088
magni tude when perform ng the transform using
fixed-point nunbers that haveod i mted nunbers of
manti ssa bits (e.g., three mantissa bits) than when
p@rr@rmengpltcﬂezonmn@ﬁcyrahmeﬁrs%@n chpprbe modulealt>OHEishes clipping the
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Because positive error negative errors are,
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tive errors in_nmagnit
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i cients were ude a coe I Cl ent e
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PSSP RS B SR BUSLAT ol DR ReehLightiton

mvwed:ctanmfphmmaﬂrixm cue&icieWsehweﬂsb ppétogtrams tomemddide 146 may

i shes cl.i f?
rep ace the origin coe 101ents in the row vector of coefficients with a vector of
intermediate coefficients. After inverse vector transform module 146 applies the
transform on a row vector of the matrix of coefficients, inverse vector transform module
146 may increment the row counter (180). Inverse vector transform module 146 may

then loop back and again determine whether the row counter is less than the maximum

row counter (176).



coefficients in the matrix, clipping nodule 150 nmay
provide the matrix of clipped coefficients to an
wW@eiope2sabdul e 152. [ 00102] When out put nodul ePABRS2007/072088
receives a matri x of coefficients (which are now
pi xel conponent val ues), outpyf nodul e 152 may out put
the matrix of pixel conponent values to pixe
t8d B6lst r uctfitberavoduingersonot[len tiod) (i-F4 G griatersthan or equal to) the
flonwchart ill ustratin exenql ar er.ation of
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coefficrents, thereby generating a matrix of sca ed
coeiffle,df g nsatid d2Jocfiraente kehqulee cighsadhmng thoodatimubdélumn
may perform operations that multiply each coefficient
PoHing ésﬁﬁPrhyggﬁf de- quanti zed coefficients by
byl ent iMh@Qﬁ%&h%Bﬁ&eﬁ’i@'léﬁ%hahﬂh@nﬂﬁﬁﬁdrff Ot CBlfiter (“YES”
actors. [00104] After scaling nodul e 142 generates
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modul‘e 146 nay Jet er i ne wiether & row counter 1°s

[0B308]t han A figRiiveiden EQvt Esfirerm{dul®) 46 hpplich el tiansfobii®n a
row counter may be set to . zerq. The maxi num row
eumperctengf the matigy af saetiicenie iInyoser vecr sguprne grodyle 146 may

e ity né ’ﬁlfei c{o%&&m{&%l g@t Fﬂ%r&fvegg?{rfaﬁ&i)&p dlél%qré% may then

exa matri x of coefficients includes eight
foopdackrand apam dasvndouwhetherd the egluain doonter ghtss thdn(d Glakimum

If the row&&ggnter is |l ess than the nmaxi num r ow
eJymp&pupte )-of 176), inverse vector transform

[edyde 1461MRY cdlsd chimtedis et Rts @hh HTEE bicalcP tRARRY ¥q@l to) the
one- di nensional transformon a row vector of the

maximuym oblugwaohinicr €N onidi2e.atght-shyt modile bd8 mepmgheshift cach

B aa P REed RS Rahe el oRt EoFb T b Ewi Ragpie 48 ren
&Hifts @ ebdticic RN Fight-dhifY Bloda] VRIS tRAy $hiR ARl Qeffloidd W Be 148t by a
may replace the original coefficients in the row
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SRS FLAS i R G RSB SRR TR S 1

hatridht-shilfteg @edH d fthe ftussfornftdeosicieas olippifi@mslole M50 may clip the
npdul e 146 may increnment the row counter_ (180).

pHyErd eocfaeiens Ty PrafsP oA the afiustadespetiicrars e gpthin an

B AC ABELD 08 SR DL U ikt 15
220 81ip 8L usRATHOLIBROMTY i t2d880 ensure that the adjusted coefficients are
within the range -256 to 255. When clipping module 150 finishes clipping the adjusted
coefficients, output module 152 may output the resulting matrix of pixel component
values (192).

[00110] FIG. 8 is a block diagram illustrating exemplary details of forward
transform module 26. As illustrated in the example of FIG. &, forward transform

module 26 comprises an input module 210 that receives a matrix of pixel component



30 [00106] If the row counter is not less than (i.e.,
is greater than or equal to) the nmaxi mumrow counter

W@ 2040002897 176) , i nverse vector transform nodul BCT/US200HY72088
determ ne whether a columm counter is |less than a
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For.
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resulting matrix _of pixel conmponent val ues %192
{n@y) ey rmlmocqis pEthg ssqlwkfaﬁplagaswy pqaljag modpiggl 42'in inverse

Wﬁ%d@@h@' IS Rstah ol Wﬂ% oréf%@ %%1’95%%2?&&&&% 6Bthe

ustrate in t e exanpl e
tralwﬁ&hommrder to improve the efﬁc1ency of the transform, these values may become

the basis of a matrix of scale factors. Coefficients in the matrix of transformed
coefficients may be corrected by multiplying coefficients by these values.

[00113] In order to decrease rounding errors, a coefficient biasing module 218 in
forward transform module 26 may add a midpoint bias value and a supplemental bias
value to coefficients in the matrix of scaled coefficients. Adding a sign-adaptive bias

value or a dithering bias value to the coefficients in the matrix of transformed



nodul e 26 conprises an input nodule 210 that receives
a matrix of pixel conponent WO 2008/ 002897

wEQNBSBO07/ 072088 31 val ues from conponent eRCT/HBI00D072088
nodul e 24. When input nodul e 210 receives a matrix of
pi xel conponent val ues, input3yodul e 210 may provi de
the matrix of pixel conmponent values to a left-shift
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val ues. Next, forward vector transform npdul e 214 may

Bigpadcoefecignds plas theruabst of bifsaslded incthe eexffigisats by neffOtm@g the

MRl of internediate values in order to produce a
matrix of transformed coefficients. Wen forward
[lmm]r t r afibé tollomimglequati@d durapptizeashd dfects effsealirg; module 216,
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2, belowis a reverse the transformdescrib
FI G v][d] GOFTR[uftSEr][f] or Watd(Re@) of ([T vilng Po IOM ﬁodl) he>
é} groduces the matrix of transforned coefficients,
SQ ling nodul e 216 may apply scaling factors to each

fvharsf-00med, €0ef{wWhéeBlv][/] id fiferdiBlinithe ﬁ&trixrcﬁ@gaﬁ@ FA¥Rsts, F is the
coefficients. Scaling nodule 216

metiefsealrd cesfficinatssic als ithemataistod ﬁrgnuy @@ecggoe&&,camth ¢ indicates
! n%tl[lll %ell 4f2 m%n{lussy M?sr n& oeﬁfc%%]‘?sf R % o%tdé%Sfog‘%d %oefff'lcwnts and

ance, ues vvere ore

Dhiadichteams nardbet @flﬁfsdﬁﬂed @ doafitoites inhie ghafrixcofanmyfodhed
the_transform  these val ues nay beconme the basis of a
eraffipignty by spplyBerthe trapséormeoef fi cients in the matrix of

R i s AP RS AR08 SRR g mpe 216,
ocrelﬂﬁmemtdm:kmgmad;tde 2 o%iranid mggheshifimsqdude 220ed1f the ineatdix of transformed
coe? 1c1e S m?lgrlil Icoee 101enti ‘tﬂasmg module 218 adds a dithering bias value:

FIvi[u] = (F’[v][u] * S[v][u] + (1 << 19) — (dither(0 : 1) ) >> 20
where v = 0..7, u = 0..7,; where S[v][u] is an entry in the matrix of scale factors, F is the
matrix of scaled coefficients, and F’ is the matrix of transformed coefficients.
[00117] After scaling module 216 generates the matrix of scaled coefficients, an

output module 222 may output the matrix of coefficients to quantization module 28.



forward transform nodul e 26 nay add a m dpoi nt bias
val ue and a supplenental bias value to coefficients

wo pooslae2sont ri x of scal ed coefficients. Addi ng BCT/US2007/072088
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column counter (234).

[00121] If the column counter is not less than (i.c., is greater than or equal to) the
maximum column counter (“NO” of 234), forward vector transform module 214 may
determine whether a row counter is less than a maximum row counter (240). Initially,
the row counter may be set to zero. The maximum row counter may be a static value

that is equal to the number of row vectors in the matrix of coefficients. For example, if



Flvli[ul] = (F [v][u] * Sv][u] + (1 << 19) - (dither(0
1)) >> 20 where v =0..7, u=0..7; where Sv] [u]

WO 2008400280t ry in the matri x of scale factors, FPCBHUS1987/072088

matri x of scaled coefficients, and F is the matrix of
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i nal uste

tdeule 02120 My tate a/\tlnhﬁllxl dftaajum%dlcaéiﬁc&ﬁ%f‘tfyl rédheRhisting each
After. forward vector transform nodul e 214 conputes

eeati¢iontirtac pyaberdmangpsadbisdn gl ot asgasticagniy pls the number of
Bd £dad ©f nd é‘ff E%g& ﬁ%{{}ﬂllﬁ? B tPans P W%[ﬁ.ér\f%ﬁ{ Mift rnodule 220 has

transtorm nodul e ncrement the cofunn count er
gaﬁ@ted fho mveaurixi o/ &jtisved ¢aredifing éras, routpud lodu 1222 meay duteurt the

g%:allg@?gg%ggﬁt?#;w ngerq%&% whet her the col um
[00125] FIG. 10 is a diagram 1llustrat1ng a first exemplary one-dimensional
transform 260. As illustrated in the example of FIG. 10, transform 260 may take as
input values X; through X7. Values X; through X7 may represent coefficients of one row
or column of an input coefficient matrix. Transform 260 may output values x, through

x7. When values Xj through X7 are values in a row of coefficients in an input coefficient



colum counter (234). [00121] If the colum counter is

not less than (i.e., is greater than or equal to) the
woreoosMoesptol urm counter ("NO' of 234), forwar dPUETS907/072088

transform nodul e 214 nmay determ ne whether a row

counter is |less than a maxi mug row counter (240).

Initially, the row counter may be set to zero. The

mmmarhuﬁbw theough er mﬂwepbeseat stoat ¢fcnteamediatetviabues.i When values

SRR PR gt B8RRI B ol e - By represent
Pedlubin2AQKIRd 2088 coBfordchevdaradst iAs idhisteaef hithd &aidle of FIG. 10,
i ncludes eight rows, the maxi numrow counter is equa
eigclesthatncompss22] symbelnindieni edstitiqreeperaions gad eirgles hafe
& r r
REBHSY P2 R ihic Hritiplaib Sherai R AL G M
cirsbinetiicnsdodcane valhésams‘fvbrcma@mlm is owvltipdietl oFor mmm @d line x2
y .the row counter (242 Bec use forward vecto
?ﬁe ﬁ\gf &V ﬁldaapet%%l 552 Siele ) CRoommapesd ap he syl dhis
IaRagk Ay o P Y66 ’nﬁﬂéphe‘afbytxﬂﬁ;e%f rix, the
matri x of coefficients now contai'ns |nterned|ate
H9d26]i ci enTmnsfdbeR60flinlvwdesd seedt bottenflgnshiconrms wpdiatiens.” A
s the forward transform a row vector
it FRTRRE R bAGRE B & RIRGF Bt DaRafe NiREs Bryidt o firs
oRgiH @h?equhs rc@&hﬁt@&iso}l Ihﬁmwlg meeh atpRit 606E & bGlagitadtdr C to
the colum vector with tra ornmed coefficients.
poae2dirstantcancdisewale. meltipbring a a¢rond immutrelue & be pgecond factor S
{\iogcc é g%?ctot%ﬁ in Ies Ce;d%)‘gee p 8%,'&21& fth e a@ﬁ%n§q{1¢?h TSt 1nz%ec{me\é’1atte value and
ﬂfeaeéd‘n@rlmerrﬁaﬂatb @aldd 4 Iniys moRr@ipiix theciRVWHEOotAd §fcration,” a
(24%3. Forward vector transform nodule 214 nmay then
pesepd pRER! e way Re geledater by npaplyEe thesccepdinpytivlae v by the
i t he: .er - A
SR g TR O I 20T LR b
sdeand tactoegualcrdae)a foneth ulitamneﬁlim vaue,cad mlh@rsubtrMﬁngohe third
240), .scal i ng. nodul ransfo

peEPedRicyug rom ke %&Fﬁ l%e aﬁgﬁglpg‘?ﬂ% ollgurng ﬂ@H{a@
glgﬂlﬁﬁmzeﬁile S atiEp e NG SR 2 b%gt@rﬂyg;%%?é @I%rétﬂ)%”mat rix

scal ed coefficients, coefficiént biasing nodule 218
nay genexéﬂe+yéﬁﬁatr|x of biased coefficients by
addi n ng re bias values to coefficients in the
mat r i §c§|e coefficients (248). For instance,

Qﬁﬁtfef"ﬂ}ﬁétﬁf&fur@ bp&hiiéh PE0ULGraAdS B tte @Gtk SGRIration used in

bi as val ue and a sign-adaptive or dithering

Sapboranoft dputisiBy styedture operatientchve ohis nimwe ém toj the fagethat
I )
B@* afl% t%%&r‘rera%yg&ﬁ‘d‘%%{ppe% tg M Pe ¢ I}l)e(x\;/m % ] ‘t%lallus% %f ftﬁe L qgssover of

eac coe i Cl ent

Ehed frorafthdfidsgucatid todhesicend @R valid ghit freh ltfﬁd second input
nmodul e 220 nmay generate a matri x of adjusted
E@B?FU@F@#ﬁ§Hb?V?P@ht shifting each coefficient by

g u nber A%s{@ﬂtd a%ng '2%@ the ﬁ?@?&t&fC EdtPthe second factor S may
(0] e

|C|ents p e nunber
be irrational numbers. For example, C may be equal to +/2 cos(377/8) and S may be

equal to /2 cos(377/8). Because inverse vector transform module 146 may use fixed-
point arithmetic in 16-bit registers and because C and S are frequently irrational values,
it may be computationally inconvenient to multiply input values x and y by C and S.
For this reason, inverse vector transform module 146 may use rational number

approximations to C and S. These integer approximations may be of the form (C’/ 2)



bits added to the coefficient by applying the
transform After right-shift nodule 220 has generated
wo b@sweasp? x of adj usted coefficients, output nRCUUS20R2@72088

may output the resulting matrix of adjusted
coefficients (252). [00125] Hgs 10 is a diagram
illustrating a first exenplary one-dinensional
s f dnmvkeo C’Asd ST agsintegesided nvarfienseoddnpieS efd jRang, & are
10, transform 260 nayfak as_, i nput val ues X0 through
iiogetial s SX30P I HELH GV XPosg / §le Jhdbesianyte fihyeeieatse o %ﬁnsform

or col.umm of an input é:l;?effi.ci t matrix.

0

POdue A6 iyt RS 2 1edd W anii  olfgh PR e

408,00 gloh T o ot VIR )9 01
RGH USRI, B 12088 th&0 SALDE Kis Appldx@fatdlyy e{cAlEﬁlQH Q5 M 7SI,

represent a row of internedi ate val ues. en val ues
Kous, siledgronspfdhefoyal ues in a col um of coefficients,
val ues ;()g*tdn@%ug X7 may represent a colum of
shifted pi xel “corfponent values. As illustrated in the
exanmpleof SFb&C10, circles that enconpass "+"

synmbol s indicate additi on gperations and circles that
Bia Spepdaced oy calerlstipas ¢fifbe E4Me nul tiplicati on

oper at i anss tH R . combi nati ons indicate

val ueé b)r}sm}](:}ghzﬁ)g,[ alld‘ggﬁjl_)s’ mul ti plied. For exanple, on
| i ne x2=xtH& /"2 " ysyididl)i s positioned over a circle

hat enconpasses,. " X' synmbol . This . indicates that
oS e SR Yssp SalgtirtoT: iheigiop gperatiops 39 %hd 2 may
bOREAREA Ty 8181 TPAAN bBGhHERTY Atk RKiHoRUdeREEd Wsing the >

structures operations.” "butterfly structure
gpebadt i on" may be a software or hardware structure in

which a firgst., outpu Jue_u i s cal cul ated by
wlti%lﬁ(lr(f@§;}l>? t+{(ﬁ\é?lh)%3?he X by a first factor C

to cpeate ashistsk) -qp egpdiat e value, nultiplying a
second i nput value y by a second factor S to create a
HWd38ld i nt Herswiragsedigaisisd abayeiingegardatpciddina thes Yalyestto the DC
' nedi . val ue. 2d i nt ' val
Ve B i s BB B S U L SR Bt 8 tead o
diffessncalobt@edoutandad’ Uendw ' aay v be Acldimpuhatpeiht bigs values to terms in

rrultipl){i ng the second input value y by the first )
thees Glcdlyians exy degpce fig irrenessmedveing! \wasl ¢e, and between v’ and

P:'lc WiRhYhidGoihGiaf VAIGEs 48 Qt edyc%lcﬂﬁti{)g@ﬁagr ke tRERAMAI

tor Sto create a four i nternedi ate val ue, and
t hen gubtf@ct Chy (1 ke (-hi)pa ) i-doet siet(late (Ad)) e Hr om

the fourth intermedi ate value. The, foll ow f or mul ae
Surmat | ve e eienat AT A e4Urt Cof b0t Derty
HiIMGhA RIGREEBhIdBBInt blds TXUEsMaPresulY X thed¥ff&ences between u and

Butterfly structure operation 264 illustrates one
but e f end 't Theotaanellopthen theohiffarsaeksibetweonanaidor mapd@.and v,
ut

B YRR bR PR PO b rer
tteudha¥ @péalon. WIBES Vel BalddRicdfof infig@pSih OS8OV esGhay make
computation of #””” and v’’” impractical when using fixed-point arithmetic in 16-bit
registers. The addition of midpoint bias values may make computation of #”"" and v’"’
impractical because the addition of midpoint bias values occurs before the right shift,
and, consequently may lead to register overflow.

[00129] The average difference betweenv=x*S-y* Cand v’ =((x * §") >> k)

—((y * C’)>>j) is approximately zero. In other words, the mean of all values (v —v)



values fromthe first input value to the second i nput
value and fromthe second input value to the first
WO 8028t ue. [ 00127] As used in transform 260PCT/Kg82007/072088
first factor C and the second factor S may be
irrational nunbers. For exanpie, C may be equal to
cosé3| r / 8 and S may be equal to -52 cos(3ir / 8).
ehich mand sés &r@mmmate}wbﬁomerm doladditios, nhawusge difference

%etglgﬁ%‘ég%l ﬂ‘%d)@% are ‘%Jrgqtfént]ﬁ6 ir ra?%igs kial@ CH{==0-1)

@als@caﬁpﬂ@s&aﬁat@ls}&bioy THERMéedisent’ ahd vaUhITelamfa/ysl alpptdxmately
va ues x and 'y Cand S. For this reason, inverse

ooy’ flli“bhsf?ﬁ? VR PRI 0T o D esak bacresayheu ipegual to &, the
AR R TR RIS s E&CQLQMF%{/ tﬂ@ @ra&tz}%eger ) Vo

appr oxi mat 1 ons may
2008/0028%*FKD’HMSZ@QY!Q}ZOSB&mB&&}]@I (S 1 2), where

C and S are "integeriz versions of C and S and |
and k&a*rg '”%t/ J_l()ég%l:&me)é%npl e, let C=cos(3;c /

I /exXanpl /e; §eoveg) obya ansform nodul e
146 ngy use thgpll nt)egQr vafeuesg(]? :) 2217 and j = 12 to

appr ofi ’hﬁt)e/%e@( 3551 /2'8) because 2217 / 212 =

0.5412579766, COS( 3k ) z 0.5411961. .o In

this Bxa %nl»v{) Bl Ls0-tdl 6. 541061 16

IBBIOX kdpREsehtY tIRAMRIpoln® bls 94185 %Z &8s exélfﬁlblé illustrates, subtractlng (m/
cal cul ations of the form u =x*Cty*S; *C

%kg fm@p(naé%’ai whyn ¢ il e@uﬁlat@ |k@ﬁ@ce<b&f out fhlee m&pmnt blas falxle*m (B}fcause the

byl herenrehirediandy T anBes AR R s veylr ranstorm
fhodiisi1a8 d@@ﬁﬁcﬁtsyﬂﬁﬁatmall? 1ntﬁﬂﬁic@i§o§1ﬁ\}é orliRg#itdRl esdtoalucs
bitw se rlgiht shift o eratlons by J and k positions,
geEtetbusiipgatinge  stead el ypind lgequee ¢ yand )y +el(e>ﬁp3rqu*9ately

Eﬁ) ual \{n\;e’rse(\(&‘gr téﬁsfo%é Qodule(l(% mellyqzse V > 1}15‘[62{(9

I scussed above in regards to a ng bi as
[ﬁﬂll&ﬁe]s t 0 Thealtageahffédenad Enecenepl atichgy & Shndisi'on((x * C’ +

B G by 6 e e brler g Al npeoritately dual zero. At
éh@%ﬁi@ tiflcd BRI d”'ffer*éhéésbe\(\%éﬁ% L EQrBshi 4 tUhege+ c) >> i
cal cul ati ons may reduce the differences between u

8 >&r¥d 1sbmtwepmxunatalmd:qual to ziMoe rRatheaj ribq: mertgthfvmhcmbetween u
cal cul

i 2y pness ey} S ot STy quagy uand
_Mi ; are MoK Approximatety édimlbdcatsdthe tlidpoikt bidslvatires (4 nob)chrcelled out,

even when jis equal to k:

W’ =((x*C'+tm)>h+((y*S tm)y>k)=

((x*C'+m)/ )+ ((v*S +m)/ 2% =

((c*CY/ )+ (m /D) +((r*8)/ 2+ (m /2" =

((x*CY/ 2D+ *S)/ 25+ @m /)y +(m /25 +

u’=((x* Y>>+ (v *8)>> k).
Because #”’ is not approximately equal to #’"’, u”" may not be used in place of "’
Attempting to use " in place of u’" may result in significant differences from u.
[00131] To avoid the complexity and overflow issues associated adding midpoint
bias value to every calculation, the following formula may be used in place of #’’” and
u’’”

u’=(x*C)>>) (¢ *-8)>> k).



Wil e the addition of m dpoint bias values may result
in the differences between u and u "' and v and v...
wheingozsonl | er than the di fferences between u BEUS2007/072088
and v and v "', the addition of mdpoint bias val ues
may add conputational conplexigy to a butterfly
structure operation. Mreover, the addition of
mi dpoequal 9 w's exespidet sy makegeiorepietaen oS o used and 4ad* -S) >>
e cti.cal,.when uysing fixed-pojnt arnithpetic in .
e e RIE e LI SR RO Bl PP DR Sveh Tk
yal defferbmyts BedsRel @ MPUind i 08 c@fterdd abor0d Because differences between
i npractical because the addition of m dpoint _bias
¥ al $ee UFER eAndeT G AlsTus ZeTRerounging CERISFAre notgpggnified through the
e I [ r : A
TRHIREEACS becTi MERC R CRCbRka RS Py ol Rbers vactr
(rensfdrnBSmpdele 1KY may us€ v tR)kaleia)e i B alppteefky statcalry operation. For
ero. In other words, the an of all values (v" - v
5008/ BOIBOY ALY IR IO0 BT SoBIePerEtona ey la@%rsgﬂector

' naxi i:1d .t he
B0t IFKLTEIAL b S AOEPY R desahih M

= _()(x_u*’”S—; tx CTY >R *>5)k)p k) ((%_ * C +b(1 " (j-1))
>>]) 1s,alsq roxi mately zero. This Is because V"
and v¥' él(é a? Q?%é@@r o&i)srﬁftjé'ly equal . v" and v"'
RhErc RN FerdiiREk BXivERh 8dsMits fehcRAEDy DRCHHS 6f WIRPY sthfture
equal to k, the mdpoint bias value iS cancelled out

pReratian andaesudie fcliwfﬁ ivould be ganesetad byngnsesuj valqny beterfly studtyie
%ﬁ(ejl(ra 'o%@sﬁinz d@%l%di‘b?g]jszlg ?ri )ﬁ% e L2t M PR a7 hAKRKL
posififedr@epatije)madnyti& dPPoklessshere mrepresents the

m dgm nt bias value. As this example illustrates,
H82lact i ndltematively)whengids eqral tooh, ipyesse yectos trapifarm medgle 146

g@g ?lgég gut%lﬁjﬁbf ét?tgcr‘%lgpg %g&iaﬂl)nskih%im%ﬂ,,stts%%Q@Hée% &e@&’reid );co the

etween v and I'S approxi hate
ziet of the bwtesre strettueroperaéinsf orm nodul e 146 does not

systemutically, ipntroduce sitive or negative bias
into Yarues ( eﬁgigtyeﬁ&gﬁagal culating v " instead of
v... and bgcayse, vy @né gy .ok -are approxi mately

equal , inverse vector transform nodul e 146 may use v "

i nst ead of (v *'C’) +H(©G1BYY 2The aver age difference
betweep u =, x.*.C + *x o= ((x rC o+ (1 <<
(D §ss GGy &S PPRET Y s aiso
appr oxi-at gkysemqipl yt+qczepg= At the same tine, the
difference between u = x * C+y * Sand u" = ((x *
O >>j) HEHS ¥ 28-YO55CRY 21)s™ not  approxi matel y equal
to zero. h i r age, did ference between u and
u"is apsﬁ%xi%r /tie:?)%(eiﬁ)é Qf}%ﬁgf) u" and u "' are not
appr oxi mat gk y Epuzh + (@ ¥ -@pd2y="" are not

appr oxi mat el Y, equal *beg:augfe the m dpoi nt bias val ues

i s not cant&i%ebtouf C)/2°=

vi= (x*§)+ @ *-C)+ (1 << (k1)) >> k.
Deferring the right shifts to the end of the butterfly structure operation may reduce the
overall number of shift operations needed to perform the butterfly structure operation
and may improve accuracy. Furthermore, 4-way multiply-accumulate instructions,
available on most modern 16-bit single instruction multiple data (“SIMD”) processor
and digital signal processors, may be used to compute #* and v* efficiently.
[00133] Multiplications operations may be computationally expensive relative to

addition, subtraction, and bitwise shifting operations. For this reason, it may be simpler



even when j is equal to k: u,,,=((x*C +m)>> k) + ((y *

S+ m >> k) ((xC+mI2)+((y*S +m12k)=((x*C)I?2)
WG-eaoBB92891 (y*S) 1 2) +(m 2k) ((xC)2) +((y*S )I@JT/US2007/072088

+(mR2j ) +(m 2k) u"=((x*C )>>j)+((y*S )>> k). Because u

" is not approximately equal 40 u "', u " may not be

used in place of u"'. Attenpting to use u " in place

tofusg a.scrigraf addigns, spbirasitigns, fand Aftwisgishifeensnavss fhap hasthe same

é@ oci %‘, lé lgtlpqlggﬁ d 5%%%90%%0? )é}égr%{\%lg nsglpﬁo\é seetrt%at gé\’/"e Ir %qul'}e In this

eaingiit,at+ R, ctrh@y lﬁ@ﬂebh‘%@@ﬁﬁ@l’idﬁéll@w ™ (?g used in

0
I

place of u... and u u,,,,=((x*C) >> ¥-S')>> k).

V\D 200%?@028@7 PCT/ US2007/ 072088 38 u "" is equal to
§e§>(t+ a<t<6)n u a negative version of S is used

and (Cy >7Kk) is subtracted. Like u"', u"" does

not add mepat nt bi as val ues. However, unlike u"',
differences between u"" and u are centered about O.
Becau&& 'dif férentles between u "" and u are centered
APAcxBRLR, x5 QUNEHANGY BE SRESHRRe MhesTBWHITLUERA T, 0er the
the appli catiion of subsequent %utterf 'y structure
cpamﬁtm@m&erér this reason, inverse vector transform
nmodul 6 Ise u "" to calculate uin a butterfly
structur ’ion. For this reason, when j is equa

to k, 4hy£ﬁew(ﬂ4<§jructures operations used by inverse
vector transformnodule 146 to apply transform 260

may héte=tne f7@IIovv|ngform u,,,, ((x * O >>j) -
((y =((x*S) >k - ((y*
C) >%‘?‘5%:l %9;? %%é%lzhifferences bet ween results

gener 22 0= by* 2hi B <t wpe2f7, uedear$ Ly structure

operation and results that would be generat ed by an
bytlisvapipte. hatd2dr A %ZIQtwééhquaéue Rypacediby ih 1é§¢wg>nce operations
WRkd pited opieci sion arithnetic are centered around

zero and1 have positive or negative nagnitude of 1 or
[08434] [ 001BE¢ follotemmiablewahymarishem ¢xangplesptal ittezek yalue

i nverse vector. transform nodule 1 4{55% use utterfl¥
R HMRHRNHRY Y §TEHECH Y tRRp anrnil?jjh‘f ¢ Ly P useQB skt factors

def gprgf g0 dlh€2 glpdanngj he butterfly structure
operation: U, 2k) +Y (S | 2k

((x*C)I 2k)+((Y*S )/2k) ((x*C )+(y*S ))/2kzZ

Table 1: Example Constant Factor Approximations Used in Transform 260

Factor | Original value Integer | Algorithm for computing products: | Complexity
value x=x*F1, y=x*F2:
Al V2 cos(37/8) 217 I X2=(x<<3)-x, 5 adds
x3 =x+ (x2 << 6), 4 shifts
A2 «/zsin(37r/8) 5352 XA =x3 - X0

(2217 * x) =x3 + (x4 << 2);
(5352 *x) *2=x4+ (x2 <<7);

Bl J2 cos(57/16) 3218 [ x2=x+(x<<3), 5 adds

B2 I R 4 shifts
V2 sin(57/16) (3 < 5)x

(3218 * x) * 2 =x2 + (x3 << 6);

(4816 * x) * 2 =x4 + x*2;

cl V2(cos(r /16)-cos(57/16)) | 2463 | xZ=x+(x<<4), 5 adds




u= (((x*C)+(y*S ) +(l1<< (k-1)))>> k; Vv'=
x*(S'/12k)-y*(C/12")= ((x *§)12) -((y *C)/2) ((x

WO B)BAY289( (- 1) (y *C )/ 2k) ((x *S)/2) +((y *-PQT/BF2007/%72088
S)+(y *-C))/2kZ v*= ((x §+(y *-C)+(l << (k-1)))>>
k. Deferring the right shiftsygfo the end of the
butterfly structure operation nmay reduce the overall

Runbdrvathin(shil6)t sie@erat | 378 nfEbe®2to3)per f or m t he 4 shifts
buttgrfly structure opgrati ofxa-axsh @RY< é)prove

accurlacy. Furthernore, [4-way|nul t] cumul at e
i nstqucti ons, avail ablle on ng; 4 P{’:%r%ﬁl& bit single
instrfuction nultiple data ("Bl prdcessor and

di gital signal processqrs, npyche: Ysed+k9 conpute U

and J* efficiently rn{1_331 Adtinlic tiens
e&{wa@utlé)tﬂsmévd ¢y %%ﬁem?‘%/ex?@fa%’ve to 4 adds
HH-onr—subtraction—tanrd—b{ ki se<shi fti ng 4 shifts
r gt s/ Fbrsi(hi /o)t ¢a4BR, | i4_ pry,pe sinpler vO
2008/]002897 PCT/ US20074072088 39 to use a series ol
addi tli ons, subtractiong, and|BITW s& <SR ft operatiohs
t hat |[has the sane eff¢ct as|aogadt)i=phj cation

operdtion. For exanple| suppp na 21 In this
example, r = x * C npY be rée ﬁgge vvlgﬁw(xg z)1‘0IIOV\;|nc1

[ew/s)]
e 0N g?i
D Pp<

Q)+~

steps: x2 (x << 3) -X; X3=x+(x2<< 6) x4 = x3 -
4 << 2) n this ex x2, x3, and

X2, [ = x3 +
i)léﬂe i nt M@éﬁ? éﬂéﬂ%%&f@ Iqisgqrmaﬁ@ P%.lel@nt%@pgomate the values

ﬁﬂﬁé* &@gm&l%lue%éﬁﬁln%me&%déd By ¢(§d6<?o%)exén<1ple4fzq774096 =
L AA2=449-7; 221772 449 + (442 << 2).

634725976d aﬁd 21Pr/8)(0.5412247., Sihiess, 3352/4096 + N306G4D62 and
exanple, 1 * 2217 = 2217 and the val ue produced by
t/Dkis(3 5 680 el B06 5 6108, At Hedfbsmulwhidrthe “Algbritten 22 émpuffid Béblducts”
The followi ng table sumari zes an exanpl e set of
toltmgenmykige megmds theit reeisorvsctohtensforoemgduly d46 oray use in place

LEANRLREI T P 4By RS o 8, SO0 AL 20 0TS A
[00136] FIG. 11 is a diagram illustrating a second exemplary algorithm 270. As
in FIG. 10, the values Xy, X1, X2, Xz, Xa, X5, Xe, and X7 represent input coefficients and
values xo, X1, X2, X3, X4, Xs, X¢, and x7 represent output values. The value associated with
a line after a circle that encompasses a “+” symbol is the result of adding the values
associated with the arrows that points into the circle. The value associated with a line

“ 2

after a circle that encompasses an symbol is the result of multiplying the coefficient
positioned next to the circle and values associated with the lines that pass through the
circles. The symbol “—* next to an arrow represents a negation of the value associated

[T 13

with the arrow. For example, if the value “10” is associated with an arrow before a

[T

symbol, the value “-10” is associated with the arrow after the symbol. Furthermore,
it should be noted that the techniques described above to reduce rounding error using

negatived coefficients and subtraction may be used in algorithm 190.

[00137] In transform 270, the values of o= ~/2 cos(37/8), B = +/2 sin(37/8), y =
V2 cos(/16), 8 = \2sin(z/16), £ = V2 cos(37/16), and { = /2 sin(3/16) may be
approximated using rational fractions. For instance, the values of a, B, v, 9, €, and { may

be approximated using the integer approximations listed in Table 2 below.



Tabl e 1:
in Transform 260
X=x*F1, y=x*F2: A
X, 5 adds
shifts | x4 =
(5352 * Xx)
X2=X+( )
R
— \/’7 e /\/Q V/l

Fact or

x2, (2217

L4916 *x

Exanpl e Constant Factor Approxi mations Used
Origi nal
WOR@8028IM f or conput i ng products:
12 cos(3r / 8) 2217 x2 =
A2 J2 sin (3r 8) 58H2 x3 =
X3 -
* 2 = x4 + (X2 << 7);

val ue I nteger

(x << 3)
X + (x2 << 6),

* X) = X3 + (x4 << 2);

= \//1 k. \/*’7

Bl Jcos(5,r/16) 3218

ﬁaslflgggSC?(%%an]t(\i%ué gpg}‘(/)x]inpatié(l)?%g]ig? in Tsan,si‘-(gm 270

4

Conpl exi ty P@HUSZH07/072088

s ( [ bil. aIGRASE OF
2008/ 0p2897" PCT/ US

&%%§y2463

2@@7(/7(017@168 8

SEA I TOTEATED

Complexity

x#@FEE fﬂz5|n(5

Lo o) faYaVWal a

K @@S(éﬁ)g x5-§gi1‘f3§ﬂ_<}<\
\3686 )\) =x4—+K5—Dt \J\L,u:o(‘:s*]{z/:(@)«@b n(;r/16))
2088 xZ:%f(x<< 6),| 4 adds x3|xX&3<<s5px24 shifts D2

cos( | WRXR(38IN( F 114dB)6}8410497 . x4 = 3 = x3
1( x <k 3) ((2328 b x) = Xx5: Toﬁgf“4+§3<<4ﬁi< (%5 <<
2) [O00|L35]

=

B 505 ) = x5

+ (f:

6 adds
6 shifts

In Tablp 1, val ues BﬁXFhé<K8hnéger val ue"
cot urmm| appr oxi matef the val ues Xig_hg§<<9{|glnal value*
col uim| when di vi ded by 212 = $096 or exanpl e,

2217/ 4p96 = 0.541p59766 and |*to¥(3T;* / 8) z
Q@A L1PGA/> Sim | ar) yissmdsey/ 40964 =x31-.x30664062 and
sin(3,[/'8) z 1.306p6296. The {0 ny*@&3<gzthe
"Al gor|thmfor conputing products” colu sunmari ze
nethods t hat inverse vect or t | yheFormSrasiut<e), 146 may

4 adds
4 shifts

J2

M ala n| ace ||f|n||r\ + bR—oPher ul.iUII\J b th\.,
XZ—XH!—"(X<<7) 7

cor resp mONQVNﬁte BBUHSP Ues.
x3=x2 - (x << 4),

5 adds
4 shifts

y=x3 + (x3 << 2),
6*x)=y

x5=x2+y,

(v *x)=x2 + (x5 << 3)

565/2048

8 V2 5sin(7/16)

X2 =x+(x<<5),

X3 =x2 - (x << 3),

x4 =x2 + (x3 << 8),
C*Fx)=((x4+(x<<2)<<1)-x,
(e*x)=x4+(x3 <<7)

€ V2 cos(37/16)

9633/8192

6 adds

12873/16384 6 shifis

¢ J2sin(37/16)

[00138] In Table 2, values in the “Integer approximation” column represent

integerized version of the values in the “Original value” column. For example,
\/Ecos(37r/8) ~0.5411961 and 8867/16384 = 0.54119873046875. The equations in the

“Algorithm for computing products” column of Table 2 represent algorithms by which
inverse vector transform module 146 may use in place of multiplication operations by
the values in the “integer approximation” column.

[00139] FIG. 12 is a flow diagram illustrating an exemplary transform 200 that
may be used by forward vector transform module 214. In FIG. 12, the values Xy, X7, X2,

Xz, Xa, Xs, Xs, and X7 represent output coefficients and values xo, x1, X2, X3, X4, Xs, X6, and

x7 represent input values. Furthermore, it should be noted that the techniques described



[00136] FIG 11 is a diagramillustrating a second

exenplary algorithm270. As in FIG 10, the val ues
WOXK008M1289X2, X3, X4, X5, X6, and X7 represent PEPUS2007/072088

coefficients and values xo, xi, X2, x3, x4, x5, X6,

and x7 represent output valueg The value associ ated

wth a line after a circle that enconpasses a "+"

glgmb@ rqdyce rpandiaggimor nfingdeatged peefijeibnfeend subsigeticn may be

Wi m}p igrrgwi that points into the circle. The val ue

ES QOCia a line after a circle that

WP2sseh AR o BTRRG BeubhaEesL 9Tl ipl ying

e coeff|C|ent S|t|one next to the circ

w@' C'@“ ﬁ%g}%&ﬁﬁm?ﬁ saﬂ(%?mghéL @?5&94.7 ghq khe

CIrC next to arrow r énts’a

2/?%?{% 72/16?)& 5! aé@{o%ﬁneﬁiél(gﬁs‘iﬁ@ aglsl%l\éfl%a;c?%ﬁ eFo?%ﬂs?éﬂce RRL values

an arrow

Qﬁ& CH 9, & ¢, and { SYYBOhpprokighavad 1&& thé Ghtedcs aﬁ&%@ﬁﬁa@f‘oﬁﬁj listed in

he arrow after the "-" urthernore It
@ﬁﬂ@?d be noted that the technlques descri bed above to

e rou rror
[REC, - Ounfh B RRLRANTIAY neRFIFLL e drREEHEE e R dyore.
bdft\izerra,rﬁiwm 2)? Qny b&ﬁbmaﬂme&eﬁbf aAﬁy ﬂ&aﬁréﬁddséﬁl)ed 49 odules or
Isin(3,r/8), vy = Jcogf?rllG 6 = hsin(,r/16), ¢ =J
%@weﬂvsmy begiplementerd toppther ig; a£61}te&fﬁ§ﬁéé0glﬁ IpYiex Pmi:p@r@tely as
F

Hi%b%ﬁt Hu@ﬁdé&%@éraﬁl% 3&%& 85’s$1cesb gf in pﬂg%%?%ﬁ%n @t‘g@l}’eﬁ,“ 'tﬁé‘%%clﬁﬁques
may &g eafahafxbatdxastrm paonisy zlt tahpdei-readabid medlubﬁcbamvpns‘!ﬁ@ instructions

008/.002897 PCT/ US2007/ 072088 _41 Tab 2.
é&h&hgﬂtexw fifle PREYMSHANF ke oUbE NP d%ﬁsng d ggoﬁo The
Facﬁg&r oA A0 hbliih Qhy FRAPME &Y% Mﬁ%tﬁﬁgﬁ'ﬁ’&ﬁfé{ tdhich may

r Oiginal value approxi mation x
In2lugle $>@@<'ﬁg11&)m8816?ﬂ$ 16B8domputer-iexdabie m):dlumxmay eomrise ralom

- 5 d 4 = 3 5) .- , 2 Si 3;T/8
%‘f%*?‘ﬁ%%%@ﬁ@@ﬂ?@lﬁé Sypentiby Fyghnit syl ackyhcthory
<rcadbn ﬁié‘mmé/Q(RBM)( ndn{v¥lafife Bhdom43ccsXAemofy (NVRAM),

rt2 ], F2 11585/ 16384 x4 = x3 - x2, 4 adds x5 = x4
de@tﬁgalb@rggablwprggfaﬂmgable read- only memory (EEPROM), FLASH memory,

magnetic or optical data storage media, and the like. The techniques additionally, or
alternatively, may be realized at least in part by a computer-readable communication
medium that carries or communicates code in the form of instructions or data structures
and that can be accessed, read, and/or executed by a computer.

[00142] The code may be executed by one or more processors, such as one or
more digital signal processors (DSPs), general purpose microprocessors, an application
specific integrated circuits (ASICs), field programmable logic arrays (FPGAS), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated software modules or
hardware modules configured for encoding and decoding, or incorporated in a combined
video encoder-decoder (CODEC).

Various embodiments of the invention have been described. These and other

embodiments are within the scope of the following claims.



1/--,,F2 * x = x5 + (x4 <<3), 7 F2 cos(;r/16)
5681/ 4096 x2=x + (x << 7), x3=x2 - (x << 4), y--x3 +

W@ 2®846282) , 5 adds 6 r2 sin (7r/16) 565/ 2048 ¥GI/US2007/672088

y 4 shifts x5=x2+y, (y* x) = x2 + (x5 << 3) 8. 2
cos(3Tr/16) 9633/8192 x2 = x 45 (x << 5), x3 =x2 - (x
<< 3), 6 adds x4 = x2 + (x3 << 8), ¢ sin(3;r/16)
12873/ 16384 6 shifts (8 * x) = x4 + (x3 << 7) [00138]
In Table 2, values in the "Integer approxi mtion”
colum represent integerized version of the values in
the "Original value" colum. For exanple, hcos(3ir/8)
z 0.5411961 and 8867/ 16384 = 0.54119873046875. The
equations in the "Algorithmfor conmputing products”
colum of Table 2 represent algorithnms by which

i nverse vector transform nodule 146 nay use in place
of multiplication operations by the values in the
"integer approximtion" colum. [00139] FIG 12 is a
flow diagramillustrating an exenplary transform 200
that may be used by forward vector transform nodul e
214. In FIG 12, the values Xo, X1, X2, X3, X4, X5,
X6, and X7 represent output coefficients and val ues
X0, Xi, x2, x3, x4, x5, x6, and x7 represent input

val ues. Furthernore, it should be noted that the

t echni ques descri bed WD 2008/ 002897 PCT/ US2007/ 072088
42 above to reduce rounding error using negatived
coefficients and subtraction may be wused in transform
270. [00140] In the exanple of FIG 12, the val ues of
a =Jcos(3,r/8), (3= ,F2sin(3;¢c/8), vy =F2 cos(;
c/16), 6 = J sin(;c/16), ¢ = J cos(3;c/16), and c _
/sin(3ir/16) may be approxi mated using rationa
fractions. For instance, the values of a, 0, y, 6, c,
and ¢ may be approxi mated using the integer
approximations listed in Table 2. [00141] The

techni ques descri bed herein may be inplenented in
hardware, software, firmnvare, or any conbi nation
thereof. Any features described as nodul es or



conponents may be inplenented together in an
integrated | ogic device or separately as discrete but
WO niogoaseT abl e | ogi ¢ devices. |If inplenmented iPCT/US2007/072088
software, the techniques may be realized at |east in
part by a conputer-readabl e ngdi um conpri si ng
instructions that, when executed, perfornms one or
more of the nmethods descriGéal¥¥Bve. The
conmput er -readabl e nmedium nmay form part of a conputer
program product, which may i nclude packagi ng
mat er Aah&hod bempridifut er - r eadabl e medi um may conpri se
random access nenory (RAM such as synchronous

dy nanii¥ing aseémoA Se sy dy sisreiise opeRAMY fixedzoighnymbers to apply a

gﬁg&% {OW ctor 0P Qoﬁf?&% QJe'fﬂi&eﬂtg &%@t‘a%%ﬁec'ra r%rc%r arllsforrned
el'ectrically erasable prog read- on y
omtfbeignt§;EEPROVM) , FLASH nmenory, magnetic or_optlca

dat a storage di a, the like. The_techni qyes .
addi t P i}ﬁfgm yans egp%f?lﬁlgmw%ﬂgﬁ VeRiQy opan o getficients are

n@ﬁé}?lrﬂaﬂ RASHvalEs 2ha¢ VIRHE Y prb&adah Qra‘ﬁ%%ﬂl' GRS L QBor of source
|un1t at carries or co n|cate code In the form
ofefficistits using emsdeal indatsa dstictectogame gransfodnt dnglt can be

accessed, read,. and/ r executed by a.co

The® cos iy ke BRsediu Byt sy «RFE W isiis shpds 8k on
Frhtforfe dRBEfRIents MRt Hctirloftrafdfomadd JeERessQrs (DSPs),
general purpose microprocessors, an appl i cati on

S pec i vherei éfglfea@@doeéwwwéts @A@r@sﬁ by fone pgthe butterfly structure
8 ] arsr'rarl% resultse Ira{; Yvel(]:ildor ! esr%tr%@t%% Plgafén{ butte{ﬂ%/etructure
ﬁﬁ‘@mcdi lﬂ;g{gyunlﬁ‘lh%dtlﬁédﬂlo@ BOBAREO brc ceﬁt‘ered.lﬁﬁahd"lﬂ@ hifid paRytive
refer to any of the foregoing structure or_ any other
differraces andgigeptas differgpces; %P&i@?ﬂ’%@?@}y ¢fua} magnitude.

t echni ques descri bed herein. In addition, in sone
aspects, the functionality described herein may be

pr ovi GTeadmethodiof cthédilcahedimofinghe aermdiftlesbuwterfly structure

har dwar e nodul es confi g r encodln an e oding,
BPCTRHRNS PB’@S‘PE?%PW “Blné&ﬁ%‘n“ﬁ@[}’ StKHCH’é%OIéeﬁ g% '

( CODEQ): (vay aus,) enpodigyest of the invention have
been descri bed. These and ot enbodi nents are

wi t hi n=t(fe™ Scopé&’)of((t ﬁé’)f>e’lkl),ovv| ng clainms. WO
2008/ 002897 P /USZOO Z{%’i\?é t 2008/ 002897
PCT/ US28'G7) 672088 risﬂtl rpoifjt U r%sf hod conpri si ng:

usi NgwdcBf CES iQindRubic@ohbtmtShch&bur € operations on
fi xed- poi nt nunbers to apply a transformto a vector

of sowhewicowid) eicdied-pomt shdees; andgenerate a vector

of T QRSLRr ARd: o f0CF 51 GG Sial HISK LA ARSIRL NP ragiona

coefficre vector o coe C|en
adrtants.

3. The method of claim 2,
wherein the vector of source coefficients consists of eight coefficients: xo, x1, x2,
X3, X4, X5, X6, and x7;
wherein the vector of transformed coefficients consists of eight coefficients: zg,
Z1, Z2, Z3, Z4, Z5, Z, and z7, and
performing any of the butterfly structure operations comprises:
performing a first butterfly structure operation in which x = xo, ¥ = x4, C

=1,S=1,u=x",and v=1x4";



approxi mati ons of values that would be produced by
transform ng the vector of source coefficients using
wa@poosdesb7 | nver se di screte cosine transforn aPT/US2007/072088
causing a nedia presentation unit to output audible or
visible signals based on trapsforned coefficients in
the vector of transforned coefficients, wherein
di f f er enceperbamarensqeendibuticrfls seneitwdpoiationén whichke x2, v = xg,
butte leé‘éybugt:ur,eangggra;i ons and results that would
be generated by gﬁ’eqw vatent butterfly structure
operation pafdtghinga thitd ReteyeahSten 3pdrhtﬁd3ﬂiﬁt\izlﬁclaf ex.,y=x,C
centered around zero and positive i fferences and
negat FieSdi k#&r ¥ncdd var & of approxi matel y equal
magni t ude. ] ' i LWng_t hex. >
series of Pﬁgorgﬁﬁ er ydosu?t%ﬁ t%uglu}%o rgttfoﬁlolﬁﬁémg yﬁ ALY
conpr Lses-pgrkorm ng. a erfly structure operation
of the%’gcrmq’gu(l(’)%*cslﬁgﬂ(“( V*-S)>> k'); v=((x *S)>>
k') - ((y* Operfornig a Vifiebatterfly sanduxe @reeationsnwthichge = /- *x7°, y =
fi xed-poi nt nunbers, wherein C, S, k and k' are
const antC + hiegdr 8 = x;Wherdet AxxX; and y are fixed- poi nt
vari abl es, and wherein C / fl7[k and S 12 Vare rational, |
number  appPOITTRIES bSO HEP OPEaHEL B Eeh 31 Frhe =o'
met hogh of ¢l ai ;-2 whgnet pothe vector of source
coefficients consists of elght coefficients: xo, x1,
X2, x3, xpsrioBing®sevanid buiterfiyhsrugiune opasatiacinorhidf x = x4, y =

transf or pe: vefficients, consi,sts of eight
coefffzcjg%tcjlsfc)ﬁ_zg,“_ﬁ,’ag Y 73,74, 75, 26, and Z7; and
per f or m ngpafdn@hg iheghttiubtilyystStfudCbpbi fiRARKAEONS x|, y =

conpri ses: Eerform ng a first butterfly structure

oper a¥i o T B Whicch=x1=.Red vyx="%4, C =1, S=1, u =

xo', and v_= / 2007/ 02088 45 _
por f or m nPETE RSy PPy SR e R B ERR S 3 -
Whi chCx= & 92y, w==s"Xand v&&a, S =0, u = x6', and v =

x2'; performng.a third butterfly structure operation

23

in which Xpe_rfgp?nn%,a tenihy but‘@rﬂ&stgpc){lge opgration 1 which x 53\ =
= Xi' ;. peptof king a foy agzgu.tterfl y structure
oper ation in which x 2 §1 2 #x1 y
=x5, C=1, S=fi¢rorniitig anclevon butpefl§ struxituing operfatibn m which x = x4, v
butterfly 8trug,the operation in which x = /2 *X7', Y
= =xs7,C=1,8=1,u=2,and v =z
performing a twelfth butterfly structure operation in which x =x,"’, y =
x3,C=1,85=1,u=12z, and v=1zs; and
performing a thirteenth butterfly structure operation in which x =x¢’", y =

233

x”’,C=1,85=1,u=z;,and v = z4.

4. The method of claim 3, wherein a, B, v, 9, €, and  are approximations of the
irrational valuesv/2 cos(37/8), +/2sin(37/8), +/2 cos(z/16), +/2 sin(z/16),
V2 cos(37/16), and +/2sin(37/16), respectively.

5. The device of claim 4, wherein o = 8867/16384, f =21407/16384, vy =
5681/4096, & = 565/2048, ¢ = 9633/8192, { = 12873/16384.



X3, C=1, S=1, u=x-7", and v = x3'; performng a
sixth butterfly structure operation in which x = x0',

W@ 26080@8%7 C=1, S=1, u=x0", andv=x6"; perform ng BCHESMNT/H72088
butterfly structure operation in which x = x4', y =
X2'5C=1, S=1, u=x4", gl v = x2..; perform ng
an eighth butterfly structure operation in which x =
&i ", Yhedewgeerof claim 2, whegein Bsiag ghe sgries of Yuttgrity sjrueture operations
e BERE SR Renhlo R ubh Skt BHEIHDS thay proguce

aalviRY JalucPeiaf Qpfdighart ValIts thdd ol RN fekylt BY per€driie multiplication

operation in which x = x0", y = x7"',C=1, S=1, u=zo, and

Qrezgtions di therbwttalyasruetusy RISt terfly structure

operation in which x = X4", y =x5C=1, S=1, u=zi,

andv=z6; performng a twelfth butterfly structure

Bper aThomethodwiiickaim®, = x2", y = X3"5 C= 1, S= 1, u =

z2, and v, = z5; and rformng a thirteenth butterfly

st r uchiFEoPe FigtioguFRengrutioe: = x6". y =

xi "', C=1, Sgélne%ﬁl%'aaxﬁﬁriX%?gfcaléﬁ cokfiidtRe Wgcaﬁfl eh@ dBeicient in a

wherein a, "0, y, 6, ¢, and ~ are apprOX|nat|%ns of the

i rratmetred ofiapwiesefficeosst 3;r/8), jsin(3,r/8),

jcos(,r/16 jsin(;r/16 . Sheos(3:.r/1 . a i sin(3;
1708t eohinekiai et oppiaSHEGRIR R Bt et fabdbpor

a = B&Afl&3FbiciSbyaddifOdnleid8de WasvalRE&L4 B cficnt of the
565/2048, ¢ = 9633/8192, ¢ = 12873/16384. WO

2008/ 0eReoY spdTd BdO0®N072088 46 6. The device of

claim2, wherepn using.the series of butterfl -
St ructur e ey U EReT S LRGP Cku e gl e gpin pumbers

addi t todpplyathd tabdTbimaed ¢4eh rowetabt Pithc hlagix e @dfigents in order to
resul ting val ues that approxi nmate val ues that woul d
r esul EeN§¥RtD 2 PRFRPHgtRRPdiats coeHicidEs: operations in the

butterfly ﬁg’lﬁ%ﬁltﬁlétéﬁ% d&?)&l?cﬁj d otfire JEatBRS Iaﬁ‘ﬁxg{i-.pan@g{ﬁ]nbers

1, wherein't conprises: generating

mat r i to applsthaltedsfonetd ¢ach entusnrbyecgrah thegnade lbf intermediate

coefficient in a, matrix of input coefffi cients; .

gener %ﬁqfﬁ@le%rs RPN R B RaHeRTe Gosicients: and

i ncl udes t r ; LR Eient ‘

one. or mor 1oy Sty of PHCFRURREChL RIS il SRENR
coefficients in the matrix of transformed coefficients by a first magnitude.

8. The method of claim 7,
wherein generating the matrix of biased coefficients comprises adding a
midpoint bias value to the DC coefficient of the matrix of scaled coefficients; and

A(P+T-1)

wherein the midpoint bias value is equal to , where P is equal to the first

magnitude and 7 is a number of bits added by performing the transform.

9. The method of claim 8§,
wherein generating the matrix of biased coefficients comprises adding a
supplemental bias value to the DC coefficient of the matrix of scaled coefficients,
wherein the addition of the supplemental bias value to the DC coefficient causes
positive errors and negative errors to be, on average, equal in magnitude and to be, on

average, symmetric about zero, and



matri x of scal ed coefficients; using the series of
butterfly structure operations on fixed-point nunbers

W@ 20080897 t he transformto each row vector in RPEEUS2007/072088
matrix of coefficients in order to generate a matrix
of internediate coefficients;qusing the series of
butterfly structure operations on fixed-point nunbers
to ap]zylhyretthféle errargtesant dlf&a@we%mtwmn vadegsghatiresuitfeom right-

ter.nedl a lLents
Ol e BT PPl Fpinf B3 PPl 1 g of
Gmmteumgeﬂicmtsrbwheﬁm imeghitcdyganedilts finu i idiyg the
ht shifting coefficients in the matrix of

ReieRp fpde é@aélfw PEiremfarmsy cacfficiests byelniherge’ is egualtp ghe first
g ﬂgiO&u # afd to 8&§bﬂ generating the matrix of
coe % onprises adding a mdpoint bias
value to the DC coefficient of the natrlx of scal ed

effjcients; he n1 bi as val ue is
i(ium TF%n@thpdp??glmij&ﬁ@rnet P oyRDGHTHA e Yo f PG 0 -1 when
RINE LodecRAGS Ee%a%v@ A4 BRGH tcpé \xkﬁ'eﬁ o9 Sget*?i&ent is nop- negative.

performng the tFansform he net ho claim
wher ei n generatlng t he natrlx of bi ased coefficients

d suppl enental bias value to the DC
ggeff ﬁlgﬁggﬁgn fatrix of scaled coefficients,
wher ewneﬂeheth@%&ﬁddqurtﬁér doRfrRdPRIRIBAIA a Pedso- VAR Yalis, a
the DC coefficient causes positive errors and negative

eﬂv%ﬂ@Iﬁ@QBéioéﬁmﬁvépa@eﬂmequal in magni tude and to

aver tri bout . zera. and
2008/ DBY R tER by el latpe ss'geted vatue
represent di fferences between val ues that result from
right- Shlftlﬁg |imted precision fixed-point

Fepr edBnmatiod s cimdeoef ficients in the matrix of

trans .
AR OR DL LI SRR AGE e cc
odefficlamtsﬁ chcnmaatrig @ fifpue b@a’fﬁsieh)ly b2 R, scodmelrreadhitude;equal to

the fi magni t ude, tho ard to precision. 10.

The m¥] FFGEP BINEhE SeHYy 0 mwﬁpfﬁtrvﬁterﬁ‘sqpﬁbqt@ﬁ%m aPhpihg gransform

VRlsMEcach c@é{’ﬁ@ien{ 19 thelm‘é@&rbf tFaB?foQﬁe& O&IrfiLiehS B inkRide a number of
negative and equal to O when the DC coefficient is

erdre- hitsge tpracesion mgasuTddebynethirddnaghitofleiand 9, wherein t he

o 00 B SRR 57 30 G AR IR

wheriaidga. addi ng the suppl enental bias val ue conpri ses
addi ng the selected value. 12. The nethod of claim7,
13. The method of claim 12, wherein the second magnitude is equal to a number of

mantissa bits of the fixed-point numbers used while applying the transform.

14, The method of claim 13,

wherein the second magnitude is three; and

wherein, given the matrix of input coefficients, the pixel component values
satisfy precision requirements of the Institute of Electrical and Electronics Engineers

(IEEE) 1180 standard.

15. The method of claim 7, wherein the method further comprises:



wherein generating the matri x of scaled coefficients

conprises left-shifting each coefficient in the
woredosioseset | nput coefficients by a second nagnP@€Tt82007/072088

wherein using the series of butterfly structure

operations to apply the transfgorm causes each

coefficient in the matrix of transformed coefficients

t 0 i nednstiectingmindie thapincludg pre! pemponsht yrlessiis ithsnmatrix of pixel

genqsoure%{jva% at ird magni tude; and wherein the first

n%g%lnf UdE" 1S &ual to the second magni tude pl us the

thirdca ni disidgy udiBto didgayit podlof claim 12, wherein

the second magnitude is equal to a nunber of nantissa

bits of the fixed-point nunbers used while applying

et f . Th [ efel: -

S condt oo of ihim b RABEhTGE (205 Hicers BRETEHR b point

nahbérx. of i nput coefficients, the pixel conponent

val ues satisfy precision requirenents of the

Institute of Electrical and El ectronics Engineers

&LEEEA(%;ﬁgcg péiged. 15. The method of claim7,

erein the nethod™further conprises: W 2008/ 002897
PCT/ US200%/s0 7712088rm A®dulsribatruset 4 segicp bkelteerflh strudture lopeitions

i xel ., conponent val ues |n the trix of. pixel ) .
G R eERt VAT DS 1o SRy R ST 1 v &) SFE cqegficients in order o
brepdt@) vE&6r ¢ tredkrmd@cocthéicnmt hod of claim 1, wherein

he fixed-point nunbers are 16-bit fixed-point

nunbewderentranafaregil cectéioiepisiis thegrecten of Wersieramed capliciontn are
m %')lde a igr?st of VafiRs tha %vroiu eo]gro uctetd%glftllra%sfso't [ llill%tt { Sector of source
oprper ations %o 1 xe -poin nanber s to apgfly a

tocRASERE DBihg af idALInQErsO Histety @sine @ahéfoahent s i n order
to generate a vector of transforned coefficients; o
wher ePRCICHEh R dia PEscRiBEen 1pif israRalleof presapsing apdiple or visible

%i%ﬁaﬁ?f)é’bfep‘gﬂ 2 RGbIh & ééc%? ci@ftSin tﬂ? REQX! FaLdnQRFmOd cé@héf\@éts;

at wou be produc y transformng the vector o
sour cehereoediffernenti®tusinngsudin genkerated bipvee sethdibatedlyastructure

cosi ne transfor wherein a nedia presentation unit is
RSN 451 TP BL bt Wﬂlgldiﬁcﬁ%?rétegPy\?f@ﬂwéen@?laﬁafﬁ%Structure
bpsesholidd @sliidTReiSof biithtlcBO LR deftctDrar¥@fd Rro Bfd positive
transforned coefficients; wherein differences between
didkuinces gelmegatiedlifyreoes af of dppravummpehf ¢quabmagritude e

operations and results that woul d be generated by an
equi val ent butterfly structure operation using

ugll i NThEdeREESH 3diAN RRIhkiRthe Gnd b tHeSukBIRt AL RVNEperations
zero and positive
performed by the inverse transform module is of the form:

u=((x*0)>>k)—((v*-8)>>k);

v=((x*8)>> k) - ((* O)>> k),

wherein « and v are resulting fixed-point values,

wherein C, S, k and k£’ are constant integers,

wherein x and y are fixed-point variables, and

wherein C/ 2% and S/ 2 are rational number approximations of irrational

constants.

19. The device of claim 18,
wherein the vector of source coefficients consists of eight coefficients: xo, x1, x2,

X3, X4, X5, X6, and x7;



di fferences and negative differences are of

approxi mately equal magnitude. 18. The device of claim
wazqosmbespei n the one of the butterfly structurBCT/US2007/072088

operations perforned by the inverse transform nodul e

is of the form u((x*C)>> k)-dy*-S)>> k'); v-((x

*S)>> k')-((y* © >> k), wherein u and v are resulting

f i xedwpericnt thy abe¢iesof traphrmied e Tigentk camrdstikof ¢iglet coefficients: z,

gops%antzi nt ggﬁsand wherein x and y are fixed-point

Vary abfed” “aft” Whdlein €/ 2k and S 12 Vare rati onal

nunmbetvhaRpr 10X inREdeargsfofminiddald gyitrms e@tait@ifysstrubfire operations

The device of claim 18, wherein the vector of source

Bvefficients consists of eight coefficients: xo, xi,

T

t r ansf£dr fedl, aoetf jaident 8’ ,consi sts of ei ght

coefficients: zo, z1, ‘EE zﬁ& Z4, 75, 76, and Z7, and
wher ei n t hBTFTERSGRSIPRA SRTHY ABUNE QPSTafIgR i Whiga ¥ = X2, ¥ = X,
buttepfly §;Fugg%eaggggg%i.ons by: performng a first
butterfly structuré operation in which x = xo, y = X4,

C =1, S=1, perkwhimna thicdbuttefbr ftorchiragpaatsecionthich x = x7, y =x1, C
butteLflI:;&_stru_cture operation in which x = x2, y = X6,
C=a, = REU=88V"Hnd v = x2': performing a third
butterfly ittty £ fRRPRRkAT) dtficMé Shbration il fwhidh T=X}/, *x,’
CcC =1, SE 1, uﬁg: X7", andﬁ{/y= Xi': I{)berform'ng a ALAEE
fourthbuttqr by st yet uieyeperation in which x =,V

xI 'y =x5,C=1, S=1, u=xi ", andv=x5"; performng a fifth
butterfly serfaronng efifpdpteiflystiuptuhinskationn whiehyz= Y ax,’, v =
= X3, C=1, S=1, u=x7", and v = x3"; perform ng

a si x¥th ool +erfll y =svr uddurexoperation in which x =

X0', y = X! = =1 U=X0y =xXQ" . f ng_a > . _ >
seventh b u?ef‘rgorrfq%ygl % ?1 r %lc%géglyo%@%g%r%( gp}erﬁﬁg{v\ﬁ S@ﬂkgg oy =xe,
x4', ¢=1,92%N &==x,1,an8 =% ;u = x4", and v = x2..;

perform ng an eighth butterflﬁ/y structure gperation in

which x = Rq:r-fo’myn&a seventh butterfly structure operation in which x = x4, y =

X, C=1,85=1,u=x4",andv=x"";

performing an eighth butterfly structure operation in which x =x,"’, y =
x7°,C=(,8S=¢,u=x"",andv=x7"";

performing a ninth butterfly structure operation in which x = x3°, y = x5,
C=3%,S=v,u=xs",and v=1x3"";

performing a tenth butterfly structure operation in which x =x¢”’, y =
x77°,C=1,85=1,u=1zy,and v = z7;

performing an eleventh butterfly structure operation in which x = x4, v
=x57,C=1,85=1,u=2z,and v=zg

performing a twelfth butterfly structure operation in which x =x,"’, y =
x3,C=1,85=1,u=12z, and v=1zs; and

performing a thirteenth butterfly structure operation in which x =x¢”’, y =

233

x”’,C=1,85=1,u=z;,and v = z4.



X", C=~ S=E U=X"", and V = Xx"7...;

performing a ninth butterfly structure operation in
woR08400289= x3', vy = x5, C=6, S =y, a = x5"PCHOR007/672088

x3"; performng a tenth butterfly structure operation

in which x = xo0", y = x7"",Gml, S=1, u=zo, andv=z7;

erformng an eleventh butterfly structure operation

Eﬁh whilbhdgviee afgelaimyl9, ssbgteinoe1, 3=4., auandil argragproxgnations of the

B L 5L, LY, LSt cBeraty e i

performng a thirteenth butterfly structure operation
ﬁw@eﬁég,@dxgg,sm w10 pespectigely-1 s = 1, u = z3, and
v = z4. WD 2008/ 002897 PCT/ US2007/ 072088 50 20. The

device of claim 19, wherein a, 0, y, 6, ¢, and ~ are
Appr oXherdeviensf adimt 2e whicraim b iFoial// 10384 522 LHE(16388) 1, =

' I L8)a, os(, =2 St 6), N12
SOy sogrReS ot TR R BAREY) 50, The
device of claim20, wherein a = 8867/16384, (3 =

407/.16384 =. 5681/,4096, 6 = 565/2048, c,=
&535/ 5188 ee & JuyoR THSEAY ths SnverdrpS i Bim §auTe pegfpms the
B&terM st @itirelopEratiBNEEsHE: 4 SRS Bpﬁﬁﬁtm&ﬁticﬁ, Red $uEEBidnN&erations
butterfly structure operations using a series of

81t produecagsuliinmyalagrthafupprosenate valopethat wowld resulidty performing
Rﬁlﬂfpgl%gﬁ({ne(fq%kagio% in’ %%ﬁ&erh?%{mﬁﬁperq%ké?%? val ues that
wou resu y pe mul T plh

rformng cati on operations
in the butterfly structure operations. 23. The device

of claim 18, wherein the device further conprises: a
Stal i hoe fAoaen & Y Hamercan e davicafiiher gpmpesSed
coefficienis a?i%%%cﬁlhmﬁat {egg PS%%M& L??Eéalédrbo@fmél&& scaling

of input coe ients; a I cient biasing no
t hat gehepaffesnaimatairik dfinhitaseficicasef fi ci ents t hat
i ncl udes the ch.t or, .of. sour.ce coefficients b}}/ ddi ng

one or nor &oHfigenibipsingmeduls thsteeraates & MatX ofbipss

mat ri Xo@ficiee@hifd ifeARkS tHel vRB® of MFcIMBRITRIdhtd BiRaddYESREor more
transf orm nodul e generates a matri x of internediate

coef f bigh dlues toy DEicagfficivat elethe exmtrof ofneled cpefficients; and

structure operations to. a the . transformta e?cq .
row vect or ST THAS ARFFOEBHOHR S G PR iy fx OF ilermediate
wher eggeffidients By @King thd RESE of TOHEBAitecae0 8p&hesnsao apply the
matri x of transforned coefficients by using the

ser i eSamforputoraeh ryv seqtercin dhemaipiradiiasag cecdfieigpby t he
transform {Vﬂer%ﬁlct?P ?%e@ra%ﬁgh‘g "mddiid é%%ef%sral HatPik of transformed

i nternmedi ate coe ent’s;
coefficients by using the series of butterfly structure operations to apply the

transform to each column vector in the matrix of intermediate coefficients; and

a right-shift module that generates a matrix of pixel component values by
right-shifting coefficients in the matrix of transformed coefficients by a first
magnitude,

wherein either the inverse transform module uses the series of butterfly

structure operations to apply the transform to the vector of source coefficients.

24, The device of claim 23,
wherein the coefficient biasing module adds a midpoint bias value to the DC

cocfficient of the matrix of scaled coefficients,



a right-shift nodule that generates a matrix of pixe
conponent values by right-shifting coefficients in
W@ b@sweaspT x of transforned coefficients by a fPE€BUS2007/072088

magni tude, wherein either the inverse transform nodul e

uses the series of butterfly 5ptructure operations to

apply the transformto the vector of squrce

coef f wbersin the midppintiies idud iseqedl te P )zsfhewrié tseiqualtth ghe first

coe bi as d ds a nld Aas, value
e Rl T PR T B R B e

coefficients, WO 2008/ 002897 PCT/ US2007/ 072088 51

wherei n the n1dp0|nt bias value is equal to 2(P + T

2%), hhedevig ofclamdd. to the first magnitude and Tis

a nu [ r r

o5 _T_‘ﬁ/ﬁérgg{/ tlhg g&%ffl@l%ﬁﬁgaﬁ%%&% \A%lgragh&g %‘h%?co en?%l%fla% Vdlue to the DC

bocdciog afolduhetraddscdcd cyppficoent al bi as val ue to the

DC co fflclen of t matri x of. sc d coefficients,
wher ePAcieHEhg 8 lflP%HP sppRicaepl Yﬁ? Oﬁh%g’%efft@l% causes

%&%@Qﬂfo@%ﬁd do8fie %%’é?osbe BASIEYE ¢ gﬁeﬂ% ha8Rfude, and to be, on
egative errors to on aver age, I n-magni t ude
avedageo sybemetoie abavtercagend symmet ri ¢ about zero, and

wherein the.errors re t diff rence en )
val uek PRt GO R P G oL e G g gl from right-

BB RmigSindite df fr¥@sloR Gk Bd-pb BPFPHRBA 1AL oRIT coéfficRalslih elcaRhtix of
in tﬁe matri x of transforned coefficients by the

frm@mwég:ﬁﬁﬁfww@wd:rvdhﬁ sy Iﬂtagnf‘ﬁi‘iﬂﬁﬂdl rvsuﬂtis rﬁg)m ﬁlefldmg the
[l X

%oe ééleﬁ:tl,\ﬁr{] g Hlﬁlr‘gl‘lt be tran &orfned cHe 1en B b Wherte e {sle%{la N8 $he first

magﬂnmde, Wﬁ@@[tdeéa@dﬂf}ﬁﬁh&bﬁn 26. The devn ce of claim
25, wherein the supplenental bias value is equal to -1
when the DC coefficient is negative and equal to O

%Qen ﬁ“ﬁ@&i%ﬁ:&&%ﬁ%@% Wehef&n ﬁl%%uﬁﬁgﬁﬁtprlas @J cib I%ﬁual to -1 when

vice o alm Feln the coefticient biasin
thoedl eofétieant is negativa apd equehd to @mdiomtHed3dC socféicicutds lmen -negative.
that is equal to either -1 or 0; and wherein the
coefficient biasing nodul e adds the sel ected val ue as

vhe sHpplwaEstMintips value. 28. The device of claim
23, wherein the scaling nodul e scal es each coefficient

in t hwhemtnrnhx coffficiepubiasicpebflileiselatts, dya psshide-gindom brgis,
ient, in th trix of input coefficients
BSaER ok FalrchapD:

wherein the coefficient biasing module adds the selected value as the

supplemental bias value.

28. The device of claim 23,

wherein the scaling module scales each coefficient in the matrix of input
coefficients by left-shifting each coefficient in the matrix of input coefficients by a
second magnitude;

wherein the inverse transform module causes each coefficient in the matrix of
transformed coefficients to include a number of extra bits of precision measured by a
third magnitude; and

wherein the first magnitude is equal to the second magnitude plus the third

magnitude.



wherein the inverse transform nodul e causes each
coefficient in the matrix of transforned coefficients

W@ 2008/0¢d80te a nunber of extra bits of precisi oPCT/US2007/072088
nmeasured by a third magnitude; and wherein the first
magni tude is equal to the secgnd magni tude plus the
third magnitude. WO 2008/ 002897 PCT/ US2007/072088 52
29. Thhe devscef ddfimd&invhexd) theseeaidmagngudeseadal to a number of

I nb
PRBh VGt Be TR R BB RaSGH Phite SRRVDERG Pkt
transform 30. A device conprising: neans for using a

series of butterfly structure operations on
$0-xedApgliise Cﬁ@tﬁﬂéﬂﬁlg' to apply a transformto a vector

of SOHLGR Pl df 'bﬂtt?rﬁg%\{m&ﬁrepcﬁ}e&%oﬁg ? ofﬁﬁ%&‘ 5619{ numbers

of transforne icien erein trans

wogily ciremtfeni © d%twe@ sarrcotodfficdass or ordcr to@alchiac endcsor of

are roxjjrati ons of val ues that woul d be produced
Sﬁ?‘Hﬁ’ngB? ‘H§% he vector of source coefficients

USI n gwﬁ@rehfjt?eﬁlsfdrﬂl\ég Eé&ﬁgfeﬁﬁ i H% \%@ﬁ)'r Betrhd c%fﬁments are

wherein a nedia presentation unit is capab
arpesamatiogs auaiuss ¢had wouldshdypreducid @matassibasm@ theheector of source

trzﬁsfotrrred co({mLmenta in the v gtrpo_f t ransf or ned
EULHFIPYP URIPE AN IGRALIEFIR® BiSF1ET ONE 1”‘B Ween results
gener ghedibymeda ppéschiiBouit Brdababls bf prebditife @R@EbRIJr 9ikEble
and results that woul d be generated by an equi val ent

tgnalebdsed tha transfoumed cogfEeignis dmthesicagr ahiransfarad coctficients;
preci g Ih(e)l%l 3(5 #‘f%perﬁtceésl tendl Cf(e:seurl]ttser Seqat%é%uf%%e SEH2 bupterﬂy s%ructure
posi t 'Ve er ences’” an {er énces ar'e

apdpstioas Al eésulteﬂnuadwvomagialgteuaeted 3% .an theivaRui Bigtctly shature
30, wherein the neans for using a series of butterfly,
%@@&%@%ﬁé@fﬁdﬁ%lﬁwﬁ@@gc age ceptersk arpwichzere apd positive

ittt ?é ﬂﬂi R lifd £¥fﬁﬁe¥ce%t ?égfrhfn afipfo ﬁg{eﬁl éc&?* m! {u% n

eac e freans per utte tructure
operation conprises neans for perforn1ng a butterfly

ruc e i.on of the form u((x*C)>>
; @ﬁe %‘S&e@fﬁalw 'x*S)>> k)-((y *C)>> k), wherein
U, V. whercf'fle Yne@ﬁ?fofr 'u&(ﬁg a@@ﬂl&toﬂyﬁﬂpﬁfysstrum% @ﬁe‘?at?&n@ @Qmprlses
y are input values and U and v are output values; and
abaoginreats fogpedoninikg abetténflyestrecture §Rratibhe devi ce of
claim

Consi EREBY G Ghheert o e g DR RSl R SFltion
comprises means for performing a butterfly structure operation of the form:
u=(x*C0)>>k)—((v*-8)>> k),
v=((x*8)>> k) - (v * O)>>h),
wherein u, v, x, and y are fixed-point numbers,

wherein x and y are input values and « and v are output values; and

wherein C, §, and £ are integers.

32. The device of claim 31,

wherein the vector of source coefficients consists of eight coefficients: xo, x1, x2,
X3, X4, X5, X6, and X7,

wherein the vector of transformed coefficients consists of eight coefficients: zy,

21, 22, 23, Z4, Z5, Z6, and z7, and



x3, x4, x5, x6, and x7; wherein the vector of
transfornmed coefficients consists of eight
w@owBlIsYENt S: zo, Z1, z2, z3, Z4, Z5, z6, aneCHVS20ama72088
WD 2008/ 002897 PCT/ US2007/ 072088 53 wherein the set
of neans for performng of bugerfly structure
operations conprises: neans for performng a first
b ut t ewhblyclnstthﬁ seftod rneeaowéqr aetforming ohhutedifly steugtere operatigus
conlrwe =1, u=x0, and v = x4'; neans for
per? ﬁ1ng a second butterfly structure operation in
whi chm¢ars f62perfortning® firsEbattéfly Stritctlse dperatioh 'in wAll Y=, y = x4,
x2'; means for performng a tKird butterfly structure
&mlﬁT&Wrmmm%h>M+x7 y = xi, C=1,S=1,u=x7",
andv=xi
it i t u 2 es fggg%lgoténglﬁg PSLD V\ﬁ& %@&ﬂ% QML RHkbR i Lv)‘uch X=Xxpy=
)J(?#hASyﬁx5=Gglaﬁ¢i=uTX|" andv=x5'; neans for
erformng.a fifth butterfl tructure operation in
\%hl c hm)gansgp}:ger rEng §,t 1tdxt§1 ’  sgrupt Lﬁer@rge o nc hx=x7,y=x,

mmp%iqwg%ﬁgmmnga.&xthbuuerﬂy structure
operation in whic - = X6'5C=1, S=1, u
= xo"nwaudbwpaﬁxﬁﬂngmﬁam@lﬂmmﬁbeﬁﬂmnmwn@ﬂauseneﬁnﬁ1x=

b tgerfLy s ruct operaation in,which x = x4', y =
gy = %*Su ?d’ xk4@n8¥nd“v = x2"; means for

perfor ht h fl ructure operation i ,
e chnsfeansgf;?r por (g)%m&%%éu{t i sfruc{ifs, geBu AR Rt < s mer v
neags, for e;f &n1qg a nlnth butterfly structure

oﬁéﬁatlo tha¥@ L33 = X5'5C=8 S=y, u

= X5" me@i’ibcfo}'/ erfdﬁ?mm maﬂﬁbdt@fﬂmfdcafrabp@a@oﬂ ﬁrmehx X0’y =
butterf%y tructure operation in which x = xo0", y =
x67+€ =0=8sE¥ T¥r 0,28 ~vs77; neans for performing an

e'_i‘é%&_[ﬁi b%{* ﬁgrfctrhxnéa dé{f%}lglrb%tt%ﬂﬁfs &J%JCRJQG éﬁe;fr%\f‘;drlﬁ lﬁ V&(hlc_h PES Y

£wel tkhlhﬂ%ﬂgﬂ%hy”aﬁﬁuc%ufe operation in which x =
x2", =x3", C=1, S=1, u=z2, andv=z5; and neans.for

per f om%ngoap?rifﬁml%%%n wighiudPHN R R PR B Fdti§ R = X1
_ 6", > I,2 . 6+1, S=1, u=z3, andv=z4. 33.
TﬁeMQEV|ce 5?§clalnf§§ “Viberei n a, 0, y, 8 ¢, and ~

ar e appacxfonptrf@nsnoé ntnltiebutterﬂy structure operation in which x =x3’, vy =
x5, C=90,S=7,u=xs",and v=x3"";

means for performing a tenth butterfly structure operation in which x =x,’’, y =
x"7,C=1,8=1,u=zp, and v =z,

means for performing an eleventh butterfly structure operation in which x = x,”’,
y=x5",C=1,8=1,u=z,and v =z

means for performing a twelfth butterfly structure operation in which x =x,”’, y
=x3"",C=1,85=1,u=2,and v=1zs, and

means for performing a thirteenth butterfly structure operation in which x = x¢’,

y=x1"",C=1,8=1,u=z3, and v=1z4.

33.  The device of claim 32, wherein a, B, v, d, €, and { are approximations of the
irrational valuesv/2 cos(37/8), +/2sin(37/8), +/2 cos(z/16), +/2 sin(z/16),

V2 cos(37/16), and +/2sin(37/16), respectively.



irrational values 2 cos(3;r/8), jsin(3,r/8),

jcos(,r/16), jsin(;r/16), shcos(3;r/16), and isin(3;

W0 2@8o28pespect i vel y. WO 2008/ 002897 PCT/ US2000¢DV2388072088

54 34. The device of claim33, wherein a = 8867/ 16384,

(3 = 21407/16384, y = 5681/ 49P6, 6 = 565/2048, r, =

9633/8192, c¢ = 12873/16384. 35. The device of claim

34., whbe éévice ¢feclarmatds whereing FoTHE38b i =8 14¥7/16384, vy =

t ly_ ure i on the butterfly

S LB o e o Sa PR B e

addi tion, and subtraction operations that produce

sul tj ng_val .1 hat roxi mate .val ues, t hat I

$Eout ThogeuR ST wRRIDE R or R0 Sl PEMYefsny

brriichat bbaratisis peefotnethepaktaifiynsictudbopelitond @Ving @ seffies of shift,
cl aim 30, wherein the device further conprises: neans
pdhitiQqe pad aultragtion erarations drat praduegresplang ivalugnthat giproximate

: £ ciont | e -

S8 e SRS oL Delibiling Hl RO Spduid R Ing uery
stoehire opentienst hat i ncl udes the vector of source
coefficients by adding one or nore bias values to a DC
coefficient of the matrix of scaled coefficients; and
geansTf ol 3&ner &by, a matri x of internediate
coefficients by using the series of butterfly
st r ucwherimthe daticohstheocappisgst he transformto each

row vector in the matrix of .biase oetfi.cients; ..
reansfor | BEHBYAT EAG AR AT O S Gy gt Y Scaling cach
coef f padreaibst iRY nkdHRBf fpdt cozfidi@fs;0f butterfly

structure operations to apply the transformto each

col umm  vebicans fongenseatmgtarairigfofl brased easdfiiciends that includes the

coefficients: an n or neratin .at r,i x .of
| V0B TR 19 3R ERE bt PR IRILE Bl Do

I Nt heoethititntofdiic tbmRsIracdredicaedidibntsimdt s by a first
magni tude, wherein either the neans for generatin% t he
matri x of MepyiRBasISrANEAJBatFIXOf HeEncdats prefhgignis by gping the

gener Meg ar h&%rﬂgg&%@foggfaﬁgﬁs{ %gﬁg@rtﬁé’ ﬁgﬁéff&%{ﬁﬁ ezalrcl% royw vector

conprises the neans sing Ies o
st r ucinuhe naypéx of biased coefficeppty the transformto the

vector of source coeffjcients. 27. The devi&e.of cl ai.m
36, wher ei Mt Oﬁﬁ%q’?%at’fn(gﬁ THRIAE CATTERYOIMR Go8 H@Pt%l?y using the
bi aseg 0gf Bﬁt%‘érﬁ?%ﬁ*u&%%%bl%ﬁéns t@%??l%r thOTraRdet® @ch column
m dpoi nt bias value to the DC coefticient of the
mat r i Xeavdr 18 ¢tlad matrix of intermediate coefficients; and
means for generating a matrix of pixel component values by right-
shifting coefficients in the matrix of transformed coefficients by a first
magnitude,
wherein either the means for generating the matrix of intermediate
coefficients or the means for generating the matrix of transformed coefficients

comprises the means for using the series of butterfly structure operations to

apply the transform to the vector of source coefficients.

37. The device of claim 36,
wherein the means for generating the matrix of biased coefficients comprises
means for adding a midpoint bias value to the DC coefficient of the matrix of scaled

cocfficients,



coefficients, WO 2008/ 002897 PCT/ US2007/ 072088 55
wherein the m dpoint bias value is equal to 2(P + T
WO pgog/o0dseTe P is equal to the first nmagnitudeP@nUsSIDOT/g72088
a nunmber of bits added by perform ng the transform
38. The device of claim36, wwrein the nmeans for
generating the matrix of biased coe@f&qlents conpri ses
means whercingitid rﬂn@ptantslumowémﬁelﬁ rcavaliso 3 |, wéereo? istrguito the first
coe nts,
ref%aPﬁg‘%aaP 8h &?ﬁ@ﬁgxi p%?ﬁnnn %egﬁg% Vi1 ue to
the DC coeff|C|ent causes positive errors and
negative errors to be, on average, equal in nagnitude
3hd t Shodeviesof dajiar Hye, symTet ric about zero, and
wher e .
val ueng I ERan ik ARG bl FERARELE R comprise
pree for addifig x eahpbandrital béprvadernd aid D@&oeﬁﬁcmebf tihe ineaniti s of scaled
' he matrix of transforned coefficients by the
P3GEHECHEgni t ude and results from dividing the
coef f {{BLRH Hie a@dﬁl&? of@‘k h}é)l%eﬁtﬁlaﬁ% Piied tH@B do%ffﬁ%tﬁ causes
by 2P, where I's equal first magnit
pa)mtlnmﬂrraregaﬂrmbgamqmws & lon ond9cragh equadun umgoﬂtud;el aadro be, on

38, wherein Ihg %fg ntal bias value is equal to -1
BATEHEC PHRMEEC B4 @RS i s negative and equal to 0O

when {RerelGhe eabisireprefiint HEfcROReNBARbENV RalucsdRat rddu® from right-

devi ce of claim 38, wherein the device conprises neans

ﬂéftmgéu@éﬁtdl mecisian fxpdeoidbrapsasersationssif soefficizatsie theraatrix of
ereihn o he ne ns for

J[r%]nds? fi coeffeclenFsebr%thf: all%rt ngagme%ucg and TS 1S f]iogln d1V1

val U "adt
&’caifﬁ@eras irt he nsdtppbeBnf@nchicastiihtity Zf;lwhé'ﬂae’ ﬁ%\quﬂao the first
of claim36, wherein the neans for generating the
ragpitudeowitieus regrrd iNTEFISiPBNt s conprises means for
scal ing each coefficient in the matrix of input
coefficients by left-shifting each of the
8%ef f The dntise oficlditned SImhbfeXn t‘hfe supyl eiciolefifd ‘Zzihea’lis&qbe}l t@a-1 when

econd ni tude; wher ans fo
g@ﬁ?@@%?glﬁﬁwé‘ﬁﬁtve% Gt FOeO gv@s? thei 1?#@0? C&Bb’ls;}lonﬂﬁ%atwe
transform causes each coefficient in the matrix of
transforned coefficients to include a nunber of extra
W.ts Ehem\écﬂ'csﬁqbainrfé?asured by a third magni tude; and
wherei n the magni.t ude i s.e to the secon )
o M oG 06 e SRR Tt iel SR Gsh Gt aRgem basis a
Piié WarRQ4( 18R -1 or 0; and

wherein the means for adding the supplemental bias value adds the selected

value as the supplemental bias value.

41]. The device of claim 36,
wherein the means for generating the matrix of scaled coefficients comprises
means for scaling each coefficient in the matrix of input coefficients by left-shifting
cach of the coefficients in the matrix of input coefficients by a second magnitude;
wherein the means for using the series of butterfly structure operations to apply
the transform causes each coefficient in the matrix of transformed coefficients to
include a number of extra bits of precision measured by a third magnitude; and
wherein the first magnitude is equal to the second magnitude plus the third

magnitude.



56 42. The device of claim4l, wherein the second
magni tude is equal to a nunber of mantissa bits of
W@ b@si2eed- poi nt nunbers used while applyi ng tPE&r/US2007/072088
transform 43. The device of claim42, wherein the
second magnitude is three;, amgh wherein, given the
matrix of input coefficients, the pixel conponent
val ues satisfy precision requirenents of the
stityte of ctrjcal _and. El ect ronics Engi neers
ey 14 Tl TR Vs gE GO BBl AR08 « number of
whaetigh Bits bLthd ik Pofnt htBErs COEPWhise s piag theft@ihsform.
constructing pixels that include pixel conponent
value in the matrix of pixel conponent val ues; and
er ei e rther conprises neans for causing
ﬁgdisg %ggﬁﬁg?¥¥%ﬁﬁ%§play the pixels. 45. The device
of cl ahencB0the wheneintghhvedd is Xede;@madnt nunbers are
16-bit fixed-point nunmbers. 46, A conputer-readable
medi uHhESH RSP MY ALl inub Rectipigptsyihe Rk eTRgnt Values
§ANRLHreésiBh @ Rlents OF 1SR sty RUFEES t9dal I ERLAbics Engineers
strdcture operations on flxeg-p0|nt nunbers to apply a
(IEERS fl B¥(hstamlaad.vect or of coefficients in order to
generate a vector of transfornmed coefficients;
wherein transformed coefficients in the vector of
b4 ansfrps pBdccofifibcicent s are  approxi mati ons of val ues
t hat woul d be produced by transform ng the vector of
sour cwhergbethe deyien fusthgs faraprases meeny for pomstraeting pisele that include
BRRL QB AUARHEET) ORGSR SRR REL b eman ¢ 1
t r anshaereRothy dbvies firthet B@mpewrt afcatd fok cansferr digslay unit to display
val ues, wherein differences between results generated
-of the butterfly structure operations and
results that woul d be generated by an equi val ent
butterfly structure operation using unlimted
p5.eci Thodevacd dfhham 30, atherctethic dixed-paim unohbzeraee it fixed-point
gos#tive di fferences and negative differences are of
WBrdxi mat el y equal magni t ude. WD 2008/ 002897
PCT/ US2007/ 072088 57 47. The conputer-readabl e nedi um
of claim44, wherein the instructions that cause the
#9.0c edswmputerpesdablermediem sompesihp ynsstuctiertsitha when executed cause
oBeratiog§ cause the processor to performa butterfly
PTUEPAE € - operation of the form

use a series of butterfly structure operations on fixed-point numbers to apply a
transform to a vector of coefficients in order to generate a vector of transformed
coefficients;

wherein transformed coefficients in the vector of transformed coefficients are
approximations of values that would be produced by transforming the vector of source
coefficients using an ideal inverse discrete cosine transform;

cause a media presentation unit to output audible or visible signals based on
transformed values in the vector of transformed values,

wherein differences between results generated by one of the butterfly structure
operations and results that would be generated by an equivalent butterfly structure
operation using unlimited precision arithmetic are centered around zero and positive

differences and negative differences are of approximately equal magnitude.



u((x*Q>> k)-((y*-9>>k'); v=((x *§>> k')-((y* Q

>> k), wherein u and v are resulting fixed-point
WoenoBees97 wherein C, S, k and k' are const antPCT/US2007/072088

integers, wherein x and y are fixed-point vari abl es,

and wherein C/ 2k and S 12 V@gre rational nunber

approxi mations of irrational constants. 48. The

¢6npuibe ccvrelaaatblteedarbé@m@dnum ofdlaiird 4 whergie theiinstiugions that cause

‘}é%g);r(?cress%]} rtﬁs gel'{r or81 t%o %uttergly spméul%oo?{)%r t Isis gaélse h‘% d)I‘OCfSSOI‘ to

péresrai abdttefly eedddiire @peratiomn 6 HE T&ieh: coefficients
consi sts of eight coefficients: zo, Z1, Z2, Z3, Z4,

75, 76=(EnICr7> Rndpet ) ere Bnstructi ons that cause

the pracessef-4 ies of butterfly
struc%urgéogg?a?goﬂg;cgg he programmabl e processor

to: pehteim and ¥ amtreslmumtgefﬁpfddyposmtrmumhem operation in
which x = x u=x0, and v

x4' ﬁ@@?g¥ar%k?@ézn@eﬁﬁpﬂgmﬂm§g§?1ucture oper ati on in
whi Chw’ﬁered()gancyy Ere)fﬁe%(éomtvgmabises af@ U = X6, and v =

x2'; perforn1a third tterfly structure operatlon in
whi chwhereik@/ 2yand %12 @ezatidnal Sumbdr approximations afidirational
x1': Perforn1a fourth butterfly structure operatlon in
GHStERS =/ r2- *X1, y= X5, C=1, S=1, u=xl"
and v = x5' perform a fifth butterfly structure
operation in which x = -2 *X7

1, Sthe wmer-@ﬁ@b&@edlupmﬁ‘mlm 43?/ Si xt h butterfly

str UCt Heremlt%er at.ion.in whi

1 ftﬁ {enfs consi ﬁf 1&?{5 ficcwnts , X2,
1, S=1" U e eV S,Oulbcgrc orima Sscgvseﬁf B Cdefv 0, X1, X2

Sg&yﬁgwgemaaeratlon in which x = x4', y = x2
C=1, S=1, u=x4", andv=x2": WD 2008/.002897
PCT/ USheisi by yewer ofﬁganﬁ@r%qi ﬁ«?eafﬁmémg SRR @ghtl cpefficients: zo,

uct ur ion in which x = xi y = xX7",
%;%’% %“%’2pgﬁ@£and v=x7. 11; perforn1a ni nth butterfly

st r uctvhiereiroghe nr&tnuoﬂmns mhaMcauté& the proxsor ty use ’ie'seri€s of buGerfly

sStructl}{re operations cause t € programrnable processor to:
perform a first butterfly structure operation in which x = xg, v =x4, C=1,
S=1,u=x,and v=1x4;
perform a second butterfly structure operation in which x =x,, y = xs, C =
o, S=PB,u=xs,and v=x,";
perform a third butterfly structure operation in which x =x7, y=x,, C =
,S=1,u=x7,and v=1x’;

perform a fourth butterfly structure operation in which x = /> %x,’, y =

x,C=1,5=1,u=x"",and v =xs5";

perform a fifth butterfly structure operation in which x =}/ *x7’, v = x3,

C=1,85=1,u=x7;",and v=1x3";

perform a sixth butterfly structure operation in which x =x,’, v =x¢", C =
LS=1lu=x¢",and v=1xs"";

perform a seventh butterfly structure operation in which x = x4’, y = x7’,

C=1,8=1,u=x4",andv=x;"";



performa tenth butterfly structure operation in which
X =x0", y=x7 C=1 S=1 u = zo, andv=z-7;
WEeeB0e2span el eventh butterfly structure oper aR@DOS1007/072088
which x = x4", y = x5",C=l, S=l, u=zi, andv=z6; perform
a twelfth butterfly structuresgpperation in which x =
x2", y =x3"5 C=1,S= | =22, andVv=2Z5; and performa
t hi r t eent hpgiarmear ¢ighty hutienflyrseruetpes encragioniin whidhoh=x1"5 ¥ = x777,
X6", =t fSX:I :c=1,,s§1d#§§3,,and v=z4. 49. The
conputer? cattdbl & me¥iUm &F ¢l aim 48, wherein a, O, Y,
6, ¢, and perfdre a AP PR $tARSIrObpériton nnaliicoRalx;’, y =x5", C=
val ues/cos(1r/8), /sin(3,r/8), r2 cos(,r/16), -sin(;
r/16) 9% JTosy Trs 16nd vans Wr 2 sin(1r/16), respectively.

50. The co - ' - aj eiNn_ _ >
a = 8867/ 1@%&1% a(%ﬁ@qﬁ‘gﬂf%ﬁ%%%eﬁ%&%@ﬁ%&%6’)2 T
565/ 2048], =%, #633/a8d92z,c = 12873/ 16384. 51. The
conputer-reagabl e QTedi m Oféf‘fl aim47, whereinthe =
i nst ruct i oRFTATALAN CAXFEE butiselyptprcays gperaon Revhighx =x47, y =
seri eg-ofcbytyenf | v stylgture operation cause the
programabl e processor to nultiply values in the
butterfly perfarotatvelipbutiirflp strugumegparasen irewhwh xshif 1 y = x3”,
addi tion ﬁ—n subtraction %ﬁfrati ons that produce

resul Finl YValués 2eHEf Varsr 8% mate  val ues that woul d
result by pafdrf Mhigcitt ButRHlEahicate Op&Eadd RNShic®R = x¢™", y =
The conput er-readabl e medi um'of claim46, wherein the

i nst racti @msl.Bur Lher z:, éadise 2he progranmabl e processor

to: generate a matri x of scal ed coefficients by

scaling each coefficient in a mtrix of input

¢oef f Th¢ esthpitegRAGILI Rrcdiufbdfdlainods, bihasetlo et 8, « bedy sre
that includes the vector of _source coefficients by
agfdoxigiatioes afitheroragiobilasiucanBess(Bo/8. BCstdet/R) ci/@ros(af16),
the matrix _of scaled coefficients; WO 2008/ 002897
RCEINB2160 74/0 2ad88/1 6 5and s¢2 sihe ¢ k)i espativilyt t er f |y
structure operations on fixed-point nunbers to apply

the transformto each row vector in the matrix of

59e F L 0hSubDrREASE mBunOHSHALD, SHIRGE X Blo7n638. -

I nternmediate coefficients; use e’series of butterrly
31400CL6384, Y0P S6BU/4ANES 5 1651 20d8 - po D63 3/ALOPH € =S 28B3/ 16591, y

the transformto each colum vector in the matrix of
internediate coefficients in order to generate a

gptr ' Th9§o$§ﬁ9ﬁsfegﬁéﬁ?9m%&%g é)fcd.lﬁfht égj, W@l%f%ilgﬁf%(?ﬁs%tu%ti@ns that cause
p1 xe y

matrix o conponent val ues right-shitting
thegifrddesdog md gse the series of butterfly structure operation cause the programmable

processor to multiply values in the butterfly structure operation using a series of shift,
addition, and subtraction operations that produce resulting values that approximate

values that would result by performing multiplication operations.

52. The computer-readable medium of claim 46, wherein the instructions further
cause the programmable processor to:
generate a matrix of scaled coefficients by scaling each coefficient in a
matrix of input coefficients;
generate a matrix of biased coefficients that includes the vector of source
coefficients by adding one or more bias values to a DC coefficient of the matrix

of scaled coefficients;



in the matrix of transfornmed coefficients by a first
magni t ude. 53. The conput er-readabl e nedi um of claim

WG 2008bp8pEi N the instructions that cause the pPODESHOT/072088
to generate the matrix of biased coefficients cause
the processor to add a m dpoigif bias value to the DC
coefficient of the matrix of scaled coefficients; and
wher ei n t heserthel EﬁﬁeﬁtOf bt fly atruréuﬁe@pe@dans eofiggdrpaintmumbers to

2 nurBan B S Ry el i IR of VR Bty bter o
54. Thénceasp laddix 6&@%@%@1@&%%@& cI al m 52, wherein

the instructions that cause the processor tg generate

t he matri xusfthy ﬁf‘aseé @f btgatly SEnEpicoperstigns @rhﬁxiﬂrwé%wbers to

to ad%pﬁ%ﬁ%ﬁ&l Cal % c%?ur%(@%‘c‘?oxtlﬁ tﬂé‘r‘ﬁ {l}‘h&flcﬁ@t

of th frix o coefficients, ereln %
addi t caufficiéntt hreorslapgol @maratead mbiraofvahsferhal ddeéfiddnts; and

coefficient causes tive errors a egative
errors to BEICTERH3 tplX%lcf@g}pOfl?pt ﬁﬁBlﬁ? BYJ g(gfltaﬂ]aftlpg cocfficients
be, op, th@m%g@ftraagm%a LG fRPRH Rt ARchidper ei n the

errors represent differences between val ues that
result fromright- shifting |imted precision

xed- 0|nt e nt ati.ons .coefficients in the
T TR b SRR RS g B b The i st
magni {HeRirAiRe ifseattidns thdt AUt Fob&ksdbine en@hicithd RAtr of biased
in the matri x of transforned coefficients bx 2P, where
¢

wqfﬁmé@ra SaUSE dha precdssorge addragriflpaitiebiaswaliotetthe Bgasagfficient of the

The conput er - readabl e nmedi um of claim
g]&? Sflscaedc?%gmseﬁtsﬁ enental bias value is equal to

-1 whehetchethPmigaehftied enie issqnregalt’ Ve antergp al cqual to the first
when the DC coefficient i s non-negative. 56. The

paaptidsrand d8 a Brebiefi Rithag ek Papsiosming gy doogPr02897
PCT/ US2007/ 072088 60 wherein the instructions further
cause the processor to select, on a pseudo- random
basi sThacomaputer-tehddblé mediguadf danmeix, her -1 or 0; and
wherein the instructi ogs t hat cause the proces

t )
add t WECISULBE SivbHetansy a&§aus\%h%mewgretotgﬁ%era%ﬁ%é@tsfx of biased
E&fﬁggntg B%s% %@ﬁ%@&sdﬁb 'Y8d &3u Oﬁﬂ?&n&ﬂﬂﬂh@sr%meatb thi BE czoefﬁcwnt

val ue. . The conput er-readabl e nmedium of claim5
mﬁ‘répmal’crlxhﬁscah:dtcpeﬁ"meoms that cause the processor to

t h l.ed ffi t
o oce b Ge pagiiod af e SERY FheuEFr i o fe PReRElay causes
Pbsitividtiors SRPAdaETEMSs RYb& oh ¢ ALk, FBG4A1ITH HEGhityRemaitd be, on

the instructions that cause the processor to use the
Bearigss SYPRMpgictadpy apro, and

wherein the errors represent differences between values that result from right-
shifting limited precision fixed-point representations of coefficients in the matrix of
transformed coefficients by the first magnitude and results from dividing the
coefficients in the matrix of transformed coefficients by 2”, where P is equal to the first

magnitude, without regard to precision.
55.  The computer-readable medium of claim 54, wherein the supplemental bias
value is equal to -1 when the DC coefficient is negative and equal to 0 when the DC

coefficient is non-negative.

56. The computer-readable medium of claim 54,



structure operations cause each coefficient in the

matri x of transforned coefficients to include a
woooBe0280fT extra bits of precision nmeasured byPEI/URI00TI072088

magni tude; and wherein the first nagnitude is equal to

t he second magnitude plus thegihird nmagnitude. 58.

The conput er-readabl e nmedi um of claim57, wherein the

seconwhemggnthe inbéruptsonsdilzdr cewscahqprobessod saigpt B ¢ @scudo-

bit,s qof the fixed-paint nunbers used while applying

Pﬁlgomt FasT Y)arh%ﬁ t%gtgl.s © ael t%glrt'rp?at' ef" (?’eaélgabl e medi um of

cl ai mvh&ein thb @fseubtidmehs ee@RANOROGOESsoIS aldd thdWupplenRA] bias

wherein, given the matrix of input coefficients, the

prlkerause theatesessay ap addsthesaleptsd yalye av theisspplpagninh neralee.

of the Institute of Electrical and El ectronics

Engi neers (I EEE) 1180 standard. 60. The

Sonpulke esrepudalbitcadatbdmadiuef ofddl@imd®% 2, wherein the

instructions further cause t rocessor to;:

e .
const MIEETHIL SISUEHRLS ﬂi”r‘i@f“t‘ﬁ&éﬂ%l’ REPSRIFSATAL hamgis of scaled
b HHOE TR K raBds il to IGRNRANGA coRhtiERin Bt Rk Bput

e pixels on a play unit
caxfipates by eadeindenapadiiden of cl ai m 46, wherein the

i Xed{)vﬁgrielnnt the lijnns?r?lgt%onsatﬁaﬁ c%t?s_e%et pgoicé(s%(ojf %isg %hensléqu?seorf%utterﬂy

structure operations cause cach coefficient in the matrix of transformed coefficients to

include a number of extra bits of precision measured by a third magnitude; and
wherein the first magnitude is equal to the second magnitude plus the third

magnitude.

58.  The computer-readable medium of claim 57, wherein the second magnitude is
equal to a number of mantissa bits of the fixed-point numbers used while applying the

transform.

59. The computer-readable medium of claim 58,

wherein the second magnitude is three; and

wherein, given the matrix of input coefficients, the pixel component values
satisfy precision requirements of the Institute of Electrical and Electronics Engineers

(IEEE) 1180 standard.

60. The computer-readable medium of claim 52, wherein the instructions further
cause the processor to:

construct pixels that include pixel component values in the matrix of pixel
component values; and

display the pixels on a display unit.

61. The computer-readable medium of claim 46, wherein the fixed-point numbers

are 16-bit fixed-point numbers.



