- e3e>d6T>ZKlp p J U L 2002 1 TRANSFORM DOMAI N CORRECTI ON OF REA(} Baihiin 2002
ERRORS FI ELD OF THE | NVENTION This invention relates to transform codi ng
of digital data, specifically to real domai n processing of transform data.
More particularly, this invention relates to reduced-error digital
processing of inverse transfornmed data which is re-transformed. BACKGROUND
OF THE I NVENTION Transformcoding is the nane given to a wde famly of
techni ques for data coding, in which each block of data to be coded is
transforned by sonraNSFORMEDOMAINT CORRECIIPNI OF REALHUDOMRINDEBRORS Ng. A

bl ock of data may be a part of a 0 3 J UL 2002 2 data object being

coded, or nmay be the entire object. The data generally represent sone
phenonenon, which nay be for exanple a spectral or spectrum analysis, an

i mge, an audio clip, a video clip, etc. The transformfunction is usually
chosen to reflect some quality of the phenonenon being coded; for exanple,
in coding of audio, still images and notion pictures, the Fourier transform
or Discrete Cosine Transform (DCT) can be used to analyze the data into
frequency terns or coefficients. Gven the phenonenon being coded, there is
generally a concen on of the information into a few frequency
coefficients. Thereﬁ&@/” Iwm” ansfornmed data can often be nore
econoni cal |l y encode ﬂﬂsed than the original data. This means that
transform codi ng can b#sused to conpress certain types of data to mnimze
storage space or transm ssion tine over a connunicationmw nk. An exanpl e of

transformcoding in use is found in the Joint Photograp 'MWWMWF oup
d

(JPEG international standard for still image conpressi
| TUT Rec. T.BZ (Z992) ~ 1SQO | EC Z0928-2: 1994, | nformati on *aehnol ogy -
Digital conpression and coding of continuous-tone still inmages, Part Z:

Requi rements and Cui delines. Another exanple is the Myving Pictures Experts
G oup (MPEG international standard for notion picture conpression, defined
by SO I EC 11172: 1993, Information Technol ogy, - Codi ng of noving pictures
and associ at ed audlo for dlgltal storage nedia at up to about Z,5 Mts/s.
This MPEG 1 L) o e s for both video conpression (Part 2 of
t he standard) and audlo conpression (Part 3). A nore recent MPEG vi deo
standard (MPEG 2) is defined by ITUT 0 3 J UL 2002 3 Rec. H. 262 ~

| SO'I EC 13818-2: 1996 Information Techno.logy Generic Coding of novin

pi ctures and assd%hgﬁeﬂn%m@t@onF@ﬁlagesvtqebramﬁﬁemmrcadang sfaddarida

| SO | EC 13S | hin n g
pictures an aSSOCIé$é%P%§ |o _?8P%§ 8&89%n pfﬁ?%é%ﬁngogk Qéghs%%%hp

i nt er nat i onalathat a Monpresstbouseahdar thiasaénvhptbol oal8k8sbitocks of
sanples to Lopge, c $i essi f 4l s qu

herein to g?&gh?%%astratfoﬂga% Gk hggaggggéﬁgggﬁcggyggsgt ?gg%gﬁgh%dlgﬁiia
conpl ete exgfakeR i bh %gntb@nﬁﬁgnmedn Chapter 4 "The Discrete Cosine
Transform (DCT)" in W B. Pennebaker and J. Z. Mtchell, JPEG Still 1nmage
Dat a Conpression Standard, Van Nostrand Rei nhol d: hbm/Ybrk, (1993). Wavel et
coding is another forn1of transforn1cod|ng Speci al localized basis

functi ons alB& ROENE y EONr ve edges and snall details. The
transforned data is usually quantlzed for conpression purposes. Wavel et
coding is used for fingerprint identification by the FBI. Wavelet coding is
a subset of the nore general subband codi ng techni que. Subband codi ng uses
filter banks to decanpbsemt heddagaisntbeparmecgliaenbieds. h@@hpd@%ﬁkﬂ]dﬁ
achi eved by GUALLEhog kRe haver chReAenTy BAR EALE HioRly dhanddd,

hi gher frequency nds 'l e sanmp the 1 ower frequency

coarsely thalhetmdhﬁgherttaeqtﬁemm;tdbbmdwm mr@mmtgfcada\feirmtldmcprm

ot her transf ' j ' ey apher r.e for
Diffuse Datagérﬁﬁﬁ ?ngkiogégg%apa gghggggg?oﬁcﬁgQ %% %eg§§gi q%%é%nan
and Hall: New York, (1997). In any technol ogy and for any phenonenon
represented by digital data, the data before a transformation is perforned




0 3J UL 2002 4 are referred to as being "in the real domain". After a
transformation is perforned, the new data axe often call ed "trﬂn f\qm%ﬂ(ﬂ
or "transformcoefficients"”, and referred to as being "in the {r 0

domai n". The function used to take data fromthe real domain to the
transformdomain is called the "forward transfornf. The mat hemati cal
inverse of the forward transform which takes data fromthe transform
dormain to the real domain, is called the respective "inverse transforni. In
general, the forward transformw || produce real-val ued data, not
necessarily integers. To achi eve data gonpression, the transform
coefficients t 0 I ge t.he pro f i zakion
Suppose thatdgg d&g@%ﬁ%;%gg |98§F§éd5?H§%§#%?é?%b%@??é?eﬁ @ggééuﬁ@¥%g from
the forward debasgerenallorepyeisendf selme ohaunmencnat wbachumy kf et a may
be a_one- di Tegshonal s Apdt-dl BENShenalyuR! OekL i AR SAHRLCSaPla e the
entire data. The "quantization values" (qg,) are paraneterS to the encoding
process. Theclghant i drq rdidh orfFeoeth? chansiorgy Tupehhsh ok nevirdd Ydat a"
ar(eg( t he sequeﬂsgefzft%a%@ﬁseldtaﬁbméeahaﬁﬂtpyoﬁ fl?lélmhbﬁéh?ﬁﬂbcfwtl Ion Qtﬁt
=Q~;~_ grz-1-.0.5 ~ ere ~.x~ neaps e greatest integer. |ess an
or equal to g9d?ﬂe f%%Lﬁﬁqmﬂ}q'nﬂBgﬁPél%?eogﬁﬂﬁp as§3&33n1?6?8%6§§1ble
further encoabrgonrpionpressittie PFefioter berawgs &ime ed ohisterahsnddésate To
decode the d qHﬁggi ef fLGi gnt LtiplLied, t he
quantization%%gpﬁggs?o glJe%ﬁghﬁgdgaﬁgn ?i%ﬁgégénﬁﬁfigﬁkg"l%g?,') gi ven by
0 3 J UL 2062eguency —prps qr2 ofiéipieness diHvprarihiez ehepanerdn dyldidy
dequanti zati @Bqka!l sen&se | £ géﬁ\é%_s_@?qyae&ﬁ@&wﬁm&%ft RHe beréasaridied as
"rounding to the nearest nultiple of q;'. The quantization values are
chosen so t haftPhd Feestrfausiior FREFoACIANEhe Ekﬂﬁﬁﬁ??&@voﬁhgtep is within
sone speci fi edaheBdtmed datex Rl @ rtkar baudd He Mcdrngeadayaenédded or

guanti zation |l evel is u@galhﬁlthe.snalgaét change in data hh t can be
percei ved. | COPBIGRART I PTG S RELIAPR a??anéﬁﬁ?%ﬁf@&?nﬁ £b achi eve good
dat a conpr essiransfatrnosodifngaecth dleousedototcemsferancalritavws tyees i@t i on

val ues to be S Leh. | i.gni f.i t .t he u f,data to
be encoded. E%?geggn%¥%, t%&a%&??%%% %hgggn$¥o€£%¢é¥§?%£?ﬁng§§ig%e ecause

t he frequencyo@aﬁﬁéﬁéh%%HWHﬂéh result produce al nost independent responses
fromthe human visual system This neans that the coefficients relating to
those conponents £B GRABPLE RE HrepsifosPsteding IndsadiisTorDe, 1haify t he
hi ?E-f {equen@ptimlnpn?eagsa;;m Eb@equtaln_t;itraaplcowﬁmg) !jartt@&namla?gazatiton val ues
wi t hout perceptihle.loss of.image quality. efficie r [ t
conponent s t@Q ?8ﬁdt£8rv75 J§V§@§ﬁ998¥ﬁﬁ?t°%eﬁ¥?f#?%?e§a§¥|g?Ph@

| owf r equencyrezonEOBEN$992) €f qrsENIECed 0¥SBAY: 3984 )| eTnfpuaatiizat i on val ues.
The inverse transform al so, generally produces non-integer data. Usually the
decoded dat a &8 PPdRaYr edPid IR IGPTPREEGEPR | ¥Rt C¥HNFEPdnpl e, systems for

the playback Qfntaudbasdabhe 05tifNe HaRlsay pakti MRORelpl en@eiter ahlly accept
input in the formof integers. For this reason, a transform decoder

general |y i nijded inest ephrhie sHpEPle fHeths e vingydiiciarsst EvRer e

inverse trangfroup YPPES) eOfte SadttiorRilt RRRNAY r& T EHE hd OO pikYukeundi ng to

the nearest integer., 0 3 J UL 2002 .
compression, defined by ISO/IEC 11172:1993, Information

Technology.— Coding of moving pictures and associated audio
for digital storage media at up to about 1,5 Mbits/s. This
MPEG-1 standard defines systems for both video compression
(Part 2 of the standard) and audio compression (Part 3). A
more recent MPEG video standard (MPEG-2) is defined by ITU-T



6 There is also often a limt on the range of the integer data output from
t he decoding process in order that the data nay be stored in Yﬁﬂ n pg r
of bits. For this reason the decoder also often includes a "clipping” stage
that ensures that the output data are in an acceptable range. If the
acceptable range is [a,b], then all values |less than a are changed to a,
and all values greater than b are changed to b. These roundi ng and cli pping
processes are often considered an integral part of the decoder, and it is

t hese which are the cause of inaccuracies in decoded data and in particular
when decoded data are re-encoded. For sexanple, the JPEG standard (Part 1)
specifies that a source inmage sanple is defined as an integer with

preci sion P Be€s, Huf¢h 'anVQ/afIEGelﬁﬁlgh% rbtfe Ipfogmatipn. Technpkogiecoder i s
expected to r f i r t i ne

transform (I%%Cf%?% %%lﬁs&;%ﬁ#%gghgrégﬁé{% élg}c?reat%%g@é%géﬁl %lé&g%EG coding P
is defined t8abe 8; Yigewt hér nBEFrbaydtl codintpr dan I§@/8E6r13_218—'|3}e MPEG- 2

vi deo standa S _in Ann scret cosi ne_transf .The input to
Uhe Torvard ifahsPoTamat PhdeshrBersr ontener L heeraihg (h e s
represent ed pat:huszblém admlélaga gb&wcx?plpas\mee tesididat a Aor ttr%eefncodler
source inmage,test a oder_reference test data arge it/sanple
i ntegers. Evél¥Rothy e??éhﬁﬂnﬁg gB%Pn?%ﬁ%t%?§¥953ﬁﬁaﬁﬂar §0H§epFB%r%ﬁﬁn ng

| anguages cobnuedx8fvlorkd adl isagppesntot achidweyeimmdey compneakion. DCT

|l ement at i gngo |0, S0LL e & LAt 36C6BLA LR S GONYeI Rl AN (9L L EORLS:
truncation i ntroauce arger errorsin i nteger ou put from
the i nverse PfahB¢ogemeral) @nyegts EODZfOﬂWRIthqﬁUMhlghcpmpéﬁ§¢on is used

herein to r efaﬁ?l&ﬁaf‘i’&‘?rd&@'bewfbﬁﬁa YRi él'i'a},%e?r 4 ofafk tDQs%rE(:@%ééPﬁle nor e
accurate than the_precision used when storing the values as |nte ers.

Exanpl es of RFgRsHPERi Gh varu¥s grePFPB%??¥Ef[ﬁﬂqﬂg'oP -f MrEAPROT nt

represent ati opgeef sBUNPEfifagSUMPARY offb rd K& bAVENHSAY D, N Maghlost rafe
probl ems descr i bed i paccur aci es caused by digital

bove r ardln
processi ng t§8ﬁﬂpah§s %ﬁﬂ'%sﬂ%uéﬁ PR ngs as rounding and clipping after the

i nverse transfor nsf m dat a ect f, thi |nvent|on provi des
a nmethod for proc sge% 4%3%Mﬁ% SQng fﬁ & t%ﬁﬂ%% SHuRY o
transfornlngSphelplobegskxkﬁﬂuhQSLanJunhEMOn@rakinwrwp%dﬂ&h nadgugacOes in
the transfor m.doEpi8. o4& é§eﬂ@§}Q1&eQHEQ§1E he pdesifitSilar 8atl 18e

re-transforned data produc such thugs as rounding to I ntegers, and
clipping to &ﬁuaﬂﬂﬁmﬁﬁaﬁ%&ﬁﬁg o COPRESE fileR SRUFRQFRT or Maviedeincedbddi nent ,

this met hod I;L@chudasfo@efi@é@pmdthe_dteawmeati@ﬂ&tprﬁneofwatthewhbamétorm

data such that the real - qﬁ %Fp uced are E

hi gh- pr eci si SRSAIHDLEP 2 %#R&ﬁtq § EoﬁFgﬁeﬁ?E%}s?%ﬁPﬁﬂ#ﬂﬁ? 4% integers
and cI|pplngteghamqaéLo&nbbamdupdeMgnuagscﬁnMEeremhmkﬁa;o Siglcompotenghe he
convert ed Jakack! RLh"Ea PLANRLEGSAN PUBREESS LG 10 JURERLS) On

di fferences: processin e converte orward transtormng the

hi gh- preci si HeBitigérentls; 1¢Wﬁﬁmﬁﬁ§qpﬁaﬁ§fBﬁﬁﬁﬁgmth% Bmsdes $8@ncsheer t ed

data and addihAghkRe rkegnshey Behdy eFa3sedat !.i‘ntotﬁ@eléﬁékn%fr‘érqﬁ%ﬂc
ﬁ ransforn donai n

hi gh-precisign di fferences to create

corrected re%l- SnBPhEr Eottiﬁﬁﬁ(ﬁaﬁﬁjt&ngﬂﬁ €fa E?qY?n?%; nef* aspect of
this inventi cunmargrofi devaletwt o ,f andppobhesstngns fars fardingatia ghvehe
real domain, Octh o) r 1) ot |ntegers
and cllpplng toeﬁﬁéégPlgmeg ﬁéﬁﬁgﬁigbgaégggFgégn*%?ﬁ?% e%gggorg forward
transfornlngFpWeHpﬁémesseﬂadatégmnﬁﬂ$SiWQnlooﬂngztahgsy$w¢m&nr@W@pﬁnnthe
transform donRignyah A ; aRe§MPOEE Moo yhe method for transform donain
correction of such real-domain errors includes: performng the inverse

tratn?]f o][m of ]Ehﬁ tthaaa&owmﬁ&po@u@hd Kt hh9t ﬁ@hoﬂ&m rkhéiﬁ]:tée?lﬁ:@allﬁ?d are
in e formao i ci rs; conv I n recision
nunber s Lo | (EGERL BRGaci FBBISAET GSteTel Fofeane BREER U by REGPGRPdd

dat a; subtractlng the converted data fromthe high-precision nunbers

form ng high-precision differences; manipulating the high-precision

di fferences form ng processed high-precision differences: manipulating the
converted data form ng processed converted data; forward transformng the
processed high-precision differences; forward transform ng the processed
converted data; and adding the transfornmed processed converted data to the
transfornmed processed high-precision di.fferences to create transform donain
corrected real -domain processed transfornmed digital data. It is another
aspect of this invention to provide a nethod for processing transform data
in the real domain, forward transformng the errors produced fromthe
conver5|on to |ntegers and cllpplng to the allomed range |n the real

o Y o



9 and then correcting the errors in the transformdomain. In an enbodi nent,
the nethod includes: performng the inverse transformof the tmans a
such that the real -domain data produced are in the form of hi g&%pr‘je@[-snzgﬂz
nunbers; converting the high-precision nunbers to integers and clipping to
an all owed range form ng converted data; subtracting the converted data
fromthe high-precision nunbers form ng high-precision differences; forward
transform ng the high-precision differences; manipulating the transforned
di fferences; manipulating the converted data; forward transformng the
mani pul at ed converted data; and addi ng the transfornmed nmani pul at ed
converted data to fter}%egani pul aﬁt)gd tr‘ainsft rem%dagi éf egen,pesp'f ey eate new
t ransf or m dot i Gt &8 FéarStfmi p Sc858ed Y ANt or med di ai tal data.
Still anot hetrarspiomadiionhésppesimtmadydie] oawi dato Pprovaitdena caditkdd f or
rocessin t«@éﬁ »dat any TR . pr
ltor ansf or n“?code dﬁog_‘,mc :%gh ?Eduﬁgasﬁ{ﬁ’e‘r“‘:??g?@g?%%ﬁ%% b%&%\%?}tyie% to
i nt egers andt®13HPadgs o 1anthe| brRRs ¥y SoBRLBY - t hBR¢ nErEe Ay &§8Hofm | n
?E etrrbodl ][renfsaké f&i%aﬁr@ﬁdth@]?ké&ifsdoﬁrﬁ @oNtAg t?@nsf?/ﬁa Sibn?li?lﬂﬁlstzatl 0][1 of
e transform coded data; performn inverse transformo e transform
data thus pr%?jlcﬂceéh,t}’&é‘ﬁotrﬁatrdt Fl’éa?g%ﬂggonaiTHedﬁf‘Eh%‘P%'d’tﬁ?e]d IDVETSH Phe form
of hi gh- pr ectisé oforwarertTane@oy) twiicH e Keisglapae€t ah othen WHersTotca
i ntegers and,clippin o an_al l,owed range f.orm convert.ed dat.a;
subtracting ?%Iréafb)rgntvogr S TFAa PP hlesgrﬁa&%? ;%1 gg?s?%s %éutr%%’eers 1or ﬁisﬁg
hi gh- preci si bransfdrm’ences; forward transform ng the high-precision
differences: quantizing the transforned data thus produced formng
transform coded e¥r @endgrd: theefewajifhrityansggrinhwill gpoduag [ 2002 10

transform codegh 8fdRleddatah’ AUChELe s AN 1 8@dgbEINST RS MRchiRVOWatal &,
processing the converted data in the real domain; forward transform ng the

processed coRVERITF IPa;tPEd GRS ERAE™ RRFFICREBESt RPRASFOMHEL St 56 data to
the tra”SfOrﬂﬁge,@éf)sc‘i%/sQ:%ec?@‘éeéts@dofia&@éntﬁ&@t'iwte”EB}B}!)(E‘Qe Quald fhzation on
the new transformdata. If the errors in the forward and inverse transforns
and in the ptdces¥hplareadapilepentr3nsinm Coeréieionts BRSHIiMdesirabl e
errors s produeRdcid fdievaieWt@daBEbZR b £ ras okt denahta datete HHald anot her
aspect of the gr esgnt_invention ]'Os to lgr_o ide a rre%hod for processing the
initial hi gh®PFedist & &A% §3¥nPERR PRAIVISREIRES B ol s ona

hi gh- pr eci si bhoek rof slatwhisempieducesevére Wrer entpreddaea. byTlmonverting to

i ntegers and,cl irﬁ’?i n%e].';o an.all g range aftecr thz__ [ %erse transform 1In
an enbodi ment SUERTE*HetHb Y ANEP LS PR BT AT & KOEr §8°Y i zation of
t he transforpreedes. datte ‘peiaheigeagttdes forweicoe fifianshosmaf the transform
data thus prQduced, such that the real -domain data Erod cedr@ e inthe form

of hi gh- preci 5FoRs fRiberded davart PRg Hie IRQKNGFeRlsVBhuRTiiBers t o
integers andqggkiRbh NG, hARnANeWaE i bANBEdOIJH @t converted data;
subtracting the converted data fromthe high-précision nunbers formng

hi gh- preci sion differences; manipulating these high-precision differences;
forward transforming these mani pal &@dihi tgpt 861 si on differences; (1)
guanti zi ng the tralgif ornmed data thus Er oduced form ng transf orm coded

mani pul at ed EReHe tReansdes grgahnst zineeaaie kasgnhannPE od@R hdifl Ful at ed

error data preducog, feianHagdrs’ apsf oRd G IRAPYhaked S659L AL &
processing the converted data i'n the real domain: forward transformng the

processed cofVEFReH eRELING RthGoPREC TR RRMSIATE Prdndr 8FAEed ©°D 3 ~ a -~
zogz 11f nmani puhAsedtesd or 'Idﬂtdécbﬁ.et BRet a@nsf ?H&@gﬂh@@@léaeéoéﬂfWﬁF]drﬁ& dat a;
and performn uanti zat i on.the new.transfaor ata. It _is another aspect
of this i nveREPORTEUBHSU &Y 4MfebHBA T 67 CHHbCBaM Ry CRoBRU AT i n ¢ he T eal
domai n whi ch geduarsiide doulaSiciedterr Q9 givéheydat a produced by the
converting to integers and clipping to an allowed range after the inverse
transform In an enbodi nent, the nethod includes: entropy decoding the
coded data form ng transformcoded data, perform ng the inverse

guanti zation of the transform coded data: performng the inverse transform
of the transformdata thus produced, such that the real -domain data
produced are in the form of high-precision nunbers; converting the

hi gh- preci sion nunbers to integers and clipping to an all owed range form ng
converted data; subtracting the converted data fromthe high-precision
nunbers form ng high-precision differences; forward transformng these

hi gh- preci sion differences; quantizing the transforned data thus produced
form ng transformcoded error data; entropy encodi ng the transform coded
error data form ng coded error data; entropy decoding the coded error data;
i nverse quantizing the transformcoded error data produci ng dequanti zed

Y I o e .



13 There is no requirenent that the input data to the nethods cni he
herein need cone froma single data source. Thus, this inventigﬁg'éle;2002
restricted to the real -domain processing of data froma single source, but
al so applies to real -domain processing of data fromnultiple sources, such
as the merging of imges or audio data. The quantization described in the
background is the linear quantization used in international inage data
conpressi on standards such as JPEG and MPEG. There is no requirenent that
the quantization be linear. Any nmapping that reduces the nunber of
transformdata levels in a determnistic way can be used with this
invention. The quantization step has heen described nathenatlcally wth a
division in Equation (1). Actual enbadiTngtis may use a | ookup t abl@)or a
sequence of conparisons to achieve simlar results, is a further aspect
of the inventionTP8 BEBGEee %&mﬁﬁ%RQkfatéOEoﬁﬁﬁ%%WGQHQXhﬂﬁgWéﬁﬁléﬁ 4PPicl e of

manuf act ure GAHY icallNgdai FOEPLE efudifablae iBBJi gah havi N aRidirebeicagabl e
program code nmeans enbodi ed therein for causing a conputer to performthe

net hods of tHeWddgganto| kheneeares Bt ipEscREP# ON Tie FuantiEgatiese and

ot her obj ectig,) feRaheeen g8 &¢vaiaass %s%hsfpiﬁﬁ&ﬂﬁaﬂl%\fﬁ%l @ReW | |
becone apparent upon further consideration of the | om ng detailed

descri pti on BRAHS2ALAPBNEEBR kel ey sloﬁ‘ecéﬁFEhé%?%rP%% t F€Tdr awi ng
figures, in enire, ferBaddiJo Lo Magled dalt@, d6a) qu§nﬁliﬁtﬁ.®h dieag@nafmsshow ng

thod f f t f 1 bl. di
2ot hod 1 OruREESY TI0 80 L ONET S sl ELE Pd g ek o aoram
di agr am shovitng. |2 quentiddatden delsatdi aigdwsarshosfrcodecd e &0 BlcBieReb) is a
bl ock di agr o%‘%ﬁt’&gc%m?%t@ﬂ&go# di %gg%g”éﬁé’{é% C&F%aﬁ’%tf%r FIG 3 is

a bl ock di agram show n e re omal n_processi ng of
t ransf or m dadtows guan pgaalenowlm%gmmesﬁbﬂpﬁg whivgh 6l ¥ or perform ng

an inverse téﬁj}ﬁfﬁrd@nftqu' ewedabim acHOrapyiuthtt banghea Mo e Spigest.rating the
rruftl-generatlo Erob FIG 5 is a block di,agram show n%_ﬁa met hod for
eng

decodi ng and®®%- thaHQTo?‘?n%f&fb?d‘ Foraim3Ae GRMRFRITAR Rycense
muf ti - gener ath®nt f¥cpltines cbinbonénts whitodestilagpasisbevagp s met hod for

per form ng rse.transfaor eal -.do at ip I on a
forward tra(;jlq';:I %%prﬁ%d;n& 5eerrgﬁlslf%t %ﬂom em%] 391 V@ﬁﬁ?ﬁt.g @er}rl obl@%% FI G
7(a) is a bII@%«najltstm’camhghgweﬁglalmtmochkmrweﬁbothpﬁg ¢@m0rm§m rFo

processi ng O&hﬂaECar@CM%%quygegﬁ ﬂ@tfesmeml%x%bl hend D@ the

rruftl-generatlon roblem FIG is a dlaramshovvln system for
per forni ng &gk Ur’Fr‘ﬁrYOEQ?QPﬁﬁn & fFﬁGW‘@B&é eiirrﬁﬁjen%a]taarg%l ch
exhi bits thequartizgeaner atloespwabheat géepidlieglves dheiddf=> exanpl e

| um nance qugﬂéif%%J(thg¥fihéénts relating to components to which the
visual system is more sensitive, namely the low-frequency

components, are quantized using smaller quantization values.

The inverse transform also generally produces
non-integer data. Usually the decoded data are required to
be in integer form. For example, systems for the playback
of audio data or the display of image data generally accept
input in the form of integers. For this reason, a transform
decoder generally includes a step that converts the
non-integer data from the inverse transform to integer data,
either by truncation or by rounding to the nearest integer.



0 3J UL 2002 15 Fig. 8(b) gives the JPEG exanpl e chrom nance quanti zation
matrix; FIG 8(c) is a nunerical exanple of how real -domain rou c&n a
cause significant errors in 8x8 block DCT coded data; FIG 8(d)ﬁi ng?_ 5002
nureri cal exanpl e of how real -domain truncation can cause significant
errors in 8x8 block DCT coded data; FIG 8(e) is a series of graphs

Il lustrating how real -donmain clipping can cause errors in one-di nensi onal

di screte cosine transformcoded data; FIG 8(f) and FIG 8(g) are a
nunerical exanple of how real -domain clipping can cause significant errors
in 8x8 bl ock DCT coded data; FIG 9 is6a bl ock diagram showi ng a net hod

perform ng Lble, iheratl f S ri | I 5 d
exhibiting t e&n%jllteﬁl -a&gsﬁe%ggggngp]f%ﬁhﬁ:eﬁ{rp&?% rggégség éoE:llzﬁ:(‘j:ig\aerr gﬁ?ghowi ng
a net hod forowperdorifhory thel tppPeLRg crraqes’s 16f ordar - dawt theasiapal Bevons,

and exhi bi tipg dtrdalitl a0gReEAt hatbd¥ AY @Ttsh| Cor 1dfHd desasdrPlpek di agram
showi ng an exanple of a nmethod, for the transformdonmin cqorrection of

real - domai n RFFHHEE iar'}stoné’ffiFBcéggiW%fa t CAOPIPHh d2t30§ Fhadc GAFHRES Wit h

the present thwEenihorsutph® datbbaréesim &l eekegitaglanr sty ng fanchexanpl e of
a systemfor the transformdomajn _correction of real-donmain errors in the

processi ng o EERIRRG heddeaisnlafcot el Wi UeRe lpFastit ih@&/tion; 0
3 J UL 2002 ] | [ ]

%%e??g%:%énastfoér%&r?énhsafl bvé)ﬁi%ﬁ!gﬁ-%’é%%‘rsgﬁ%(‘@ 3% ﬁaaac:%n%ﬁﬁﬂ'&laﬁ g5 a

b.

net hod for t onaln correction of rea

These rounding and clipping processes are often
considered an integral part of the decoder, and it is these
which are the cause of inaccuracies in decoded data and in
particular when decoded data are re-encoded. For example,
the JPEG standard (Part 1) specifies that a source image
sample is defined as an integer with precision P bits, with
any value in the range 0 to 2**p - 1. The decoder is
expected to reconstruct the output from the inverse discrete
cosine transform (IDCT) to the specified precision. For the
baseline JPEG coding P is defined to be 8; for other
DCT-based coding P can be 8 or 12. The MPEG-2 video
standard states in Annex A (Discrete cosine transform) “The
input to the forward transform and the output from the
inverse transform is represented with 9 bits.”

For JPEG the compliance test data for the encoder
source image test data and the decoder reference test data
are 8 bit/sample integers. Even though rounding to integers
is typical, some programming languages convert from floating
point to integers by truncation. Implementations in
software that accept this conversion to integers by
truncation introduce larger errors into the real-domain
integer output from the inverse transform.



errors in the processing of transformcoded data in accordance with the
present invention; FIG 12(b) is a block diagram show ng an exa@an ,?\JBLQ?OUZ
system for the transform donmain correction of real-domain error

processi ng of transform coded data in accordance with the present

invention; FIG 13(a) is a block diagram showi ng an exanpl e enbodi rent of a
met hod for the transform domain correction of real-domain errors in the
real -domai n processi ng of coded data, such that undesired errors in the new
transform coded data are reduced or elimnated in accordance with the
present invention; and FIG 13(b) is a plock diagramshow ng an exanple
enbodi nent of a systemfor the transform domain correction of real-domain
errors in the re&hedbeaannlprgicegasicigioh” cbdedsekditlae resinc ot mefeundesi r ed

int d t d
or1orS 0.\ RegRSYch 20510 GRlad 041 8.Acen U S g1 B THERRET 1
i nvention p@@@m@e§enﬁhh@d§hesysxemnonanéedowbane$t@m@uu¢m§ wWaileAsr@duce or

elimnate erjrgl elretmﬂygrﬁﬁsh@y 6ﬂ1%1%&10§%§h9909fv§119é§ alredata. Firstly, the
source of the error is analyzed and“described. This is followed by a

present at i orf loRtdRE- Pﬁ%@ﬁt?%ﬁf%ﬁﬁﬂﬂﬂ&%?tfSPPE??%?tQE%RRﬁ|9ﬁ1n§HHeéPrn1natlon
It is particularly noted that data mani pul ati on and/ or processing as

enpl oyed here-to-before 0 3J UL 2002 17 used digital techniques

cont am nat ed x he con.'nued ntrodUC|ng of errors by the respective
|nplenentat.wn4vrfu.9.t4 Igvuvaaﬁhg These techni ques enpl oyed for years
are responsible for an inability to maintain original data precision and
the continued deterioration of the data representing t he phenonenon as nore
processing i s perfor r,ti cul r process is
perfornmed on dat é[fnmﬁngﬁtcgﬁtg?n %lgoﬁ)&reén% d%ar egg& é’?ﬁ% ?ae[dg‘}@l revi ous
processes. THiasquregies taused lmmgmed prp&es LNy mchrnam anghbyh

thereby becairs, 1§3%48Nds! BSEndtEd Wndt ! &n@ngfﬁBfetrPéQﬁﬁr%i%% are
per f or med thereupon The seriousness of t probl em as realized by the

i nventors of Eqﬂ§ﬁﬂF@b@ﬁttFﬂQ%ﬁ??%ﬁ?ﬁ?@ﬂdé%EtPEE&CFO?FhVW%§119W¢q§§oﬁoted t hat
in the fi gur;eso\mc&%eet ﬁt@th@ﬂefé\r mdmngs&ea&sabmoaaw ighame wieh dashed
| i nes and/ or_ boxes. fI ted eﬁconcegts of pre%Fqﬁllnventlon
are useful |3 %t bst Q§W§r8| f??ﬁ 50 iy PECERRSFS ibméb “The
subsequent descréqitiingn the mnat¢yraqﬂaﬁeﬂhttha WEQBSdaIm"ddﬂﬁxﬁl siweeause of
t he general a Ofi n e ion

g If%é«fﬁdc!&tyédut;tés eg V\gr?{xéé“&&eéhw b 43ade S fini FREEr ot fa LOTBIRIS

st andar ds whi are se standards require the

|ntroductlond??ﬂ(P%Qch&ﬁg YaPuelat BhH19% e &vgddngotpel@e’ddivéddand t he

cont :j nugd gmpi & t@'ldnpéQieﬁfdnﬂaﬂ_f]e tah.&:e&*’ I’tthlé §ankase ntata&dsﬂﬁtna These
'St andar ds | ca t wa romit.ne pre I nventl on, S i mage
t echnol ogy i %ﬁ? é@' ? ¥Btsd@%E9?QJ pr8§éﬁ? ?+R&a n. Figure

1(a) shows amvewm mauminsmoommhmhMrmTrdamsf enphdbinat ntldkata ~ A' 110

are acted on, by, t t{% er%%%ﬁ B%é‘&ﬁf:é’é M LG }[’t‘gfelgfgmnog!ﬂcﬁf ;?Ele rs“:‘t%r?' on

real - val ued data recl sion are con 031J
UL 2002 18 m%mhﬁﬁﬁwsQﬂﬂyeetiﬁﬁeﬁhﬁ4hﬂQQrRﬁQﬁﬂﬁ&9m ﬁP@QéFSrE%JlQRﬁﬁﬁﬁﬁ dat a

150. In someag@SEBipgiiy itbt Q4Ch1Yohe@dr S RrenidRt teRdklYesaMtd 0 an

out put deVICeu£€¥Lct1ng the converted data from the high-precision
numbers forming high-precision differences; processing the
converted'data; forward transforming the high—preeision
differences; forward transforming the processed converted
data; and adding the transformed processed data to the

transformed high-precision differences to create



Figure 1(b) shows an inverse transform system 105. Transformdonmain data
A" 115 are acted on by the inverse transforner 125, which prod@Q?quL_zggz
hi gh- preci si on real -val ued data | 35. The hi gh-precision data 135 are input
to the integer converter and clipper 145 to produce integer real-donain
data 155. In sone cases, the integer-valued data are optionally input to an
out put device |65 such as a display nonitor, a television set, or an audio
pl ayer. Figure 2(a) shows a method 200 for decoding transformcoded (i.e
guanti zed) data. The integer transformcoded data "B 210 are inverse
quantized 220 with quantization values as in Equation (2) above. The result
of the dequanti zing ste then b asse as in ut to the inverse
transforn1]jﬁfaﬁiﬁﬁg 88@? ?ﬁ?ﬁﬁﬁﬁ&g g i [P IRrBEfle 2(b) shows
a system 20Wifgdradedatang transforn}coded (|.e. gquanti zed) data. The

i nteger transformcoded data "B' 215 are input to the inverse quantizer 225
with quantizati odtvakuesobker mdipedt odnthl} divosrticfhdor pgobidefat he
dequant i zi NGy b 'f%rp 5@959&41%55%&%&&9% Shd 251 QbREE 125, and
decodi ng proceeds as i ure aspect of the present Invention is
concer ned vaq?qg%§lﬁﬂanaléf¥Qﬁﬁ(ﬂroﬁ@Fﬁdtféﬁ%f%ﬁ?n%ﬁﬁ%?%&ﬁ&ntFansforn}coded

data. The wohflegeFBnapd! aliGHnANSG tHeOaessWed’ réﬁcfé usRwar@ 3 J UL 20p2 19
i nt erchangeabl y herel n. Mani pul ati on na 8 ITE rder to achieve
many dif f er drREDSEOEPLET EBE %é‘??pﬁ °rrh%‘g' Haras %@‘tn’cﬂ‘t BE°FFBEedsed

bef ore pri ntdatg, b)&nﬂcahbﬁgcaﬂﬂéﬂflﬂg)ttahl enroﬂatmftrmnﬁxmﬁommces can be
nerged as |, Rentor med L ChEQMBdey ReOhe LHBOCPO O e MMl idnOfionatigi 0 data.
Manual nanlpu on of data |s er needed tor e ting or color

correction. Suuteatdeinpeifasion D&falt-'rflb?n@flor ardara m@-tlﬁetsenme“rfb@mmd on the

i nteger realedonRiva dat @riht 86k &5t the ft&QHb’fBﬁntcﬁa?Ethﬁfdﬁ deaeding of
Figure 1(a) and/or Figure 2(a). A process for nmnipul ation of transform

data 300 is <&fowioMiip gara qu?ﬁeé’gé‘tredaflatli?aof%ﬁ‘élé?fgd‘lé’@rfé’rﬁﬁi’-ﬁiLBF
mani pul at i omwdddrs;f cohieriang ptiathigh-ptecioesn noimiyoduee intkgges out put,

th | at t put 340 ted t t | d 320.
The rosul i i ACBGBR"IALE 330° LG/ h SEFe Ao T RhoH TS aRarar

optionally smiitrtan:tamgomhpuwnlwtmi WBda Beomuske thiglsitagpeicfioal i ppi ng and
converting tq,iJdu b | ati

accepts integer |Ier?gﬁf{°§fé'§8 hlﬁ%ﬁ)e‘gg ltrg?%n gﬁ?%rgg&@fg%{ﬁ%ﬁﬂp altaggclf)1 tput from
t he mani pul ﬂ#%mlﬁéoéoﬁ%ﬁfﬁr%fthsea‘-ﬂrméﬁal Progeeeen drigsPreeisionot ed

tgat thfere lcﬁlﬂ&ﬂeﬁwélgr eﬂiﬁﬂ‘iphﬁaﬁﬂﬁ; dﬂfealcaa%auéata@tfh pﬂ'dl@ﬁ%‘ges descrl bed
above, for the input, da one_entjre m ope_sour or exanp

oy types dTEREF b CBUEAEPO BT HvoI RS e FEPBF FEFBIRddtie FRBREEAER0

‘nor e sour ceshidgbhipr daiclivdedi MEar gt e cﬁm&wsmdhtasn:srfoarmugig)ftmudl o] data or
mer gi ng of i e ] §n d descri bed
general ly ap%i g]%oawﬁﬁégo&%%ich%w %?ag n%fﬁ?et% at'| on us the "input
dat a" used fwoce%ﬁeﬁ \FOUVEIEGQZdQ@a?Wt&e t"—ﬁénﬁf%’é%%é%r%&scﬁqdbed may in

practice congidy-PRdEsa ohhalre8fehdddiitcSRiteale tiahSrM-Qibridie case that
data after manl ul atjon are to be re-encoded to. the nsformdom&un It is
dosirabl o t HERTHTE G GEAL5AGRAHB QRGP 56 CrENBREERe AL G 3 L2

mani pul ation is p&rforrre 80 th rcetalofd rreisnlgra,}aratlshould be Idossless That
is, the data, when tlheafno war d ??ansform opefratron uses > e slame transform
type operatlmﬁtl”a%i tieg ipreeeseing asdrorfanmy de tef inr tine f vgad gdemedmi,on, shoul d
result in expsidard fterasarf%rmaesé@é B BrdahledSeyaR (HERhlvdlibhal |y.

However, errors, are introduced by the converting to integers and c¢li pping
to the al | owkd Infifgerss and cLEBRIRGtER the PldarEdarangg iy theskSRd t he

i nteger dat addilin}setcasisipyt the tiehdformend ekkansf Dn ntwtew e sEb@m whi ch
accepts inte e’h val Lﬁ)d wdatda as gggrmmg q:%er %sfgkggggdtéggégr rm c(ijat a Al' 420
are diff er entot S H& g thaR



transformdata "A" 110 which were the input to the inverse transform This
is because the conversion to integers and the clipping process 140 have

i ntroduced errors into the process. The probl em caused by t B:QHdheQDUE
data after each iteration, or "generation", of this process is herein
called the "nulti-generation problenm. The nulti-generation problemis also
illustrated for transformcoded data in Figure 5. Here the new

transform donai n data 420 are quantized 510 to produce new transform coded
data "Bl' 520. It is inportant to realize that the quantized data can only

change if the errors produced are Iargqer than half a quantization step: 0
3J UL 2002 27 Q~,, -+ E) = Q~, 1) ~ E~ < 0OSg, where Eis the error
produced i nahdi shén acfiorabicgeftheceentrs Tin stlies trepasdicemedomaf. t Hn ~. ; 1S

al ready a myhtLpl &qffeddre tfﬂéaﬂxteltﬁ?é) 91@%@&&’53 ' gmkﬂgytﬂé"fn@&eé‘e produced

by dequantization as in 'Equat vantageous to control
the errors $sappfernhel the thansifornndaya sshgh th@ﬁeﬁhﬁheeehwlsame

sufficientl yagHBbloah e W ARHEOEDYF O8E th A B rWicl I51Be gu@séty; the sane
as the original transformcoded data. The maxl mum possi bl e error introduced

by the convsPe"SHtmgl?ﬁ%d&@me%aﬁapn@uq%emtp H’PéeEFFBraMtroduced by
truncating dutippgngheo comVeErswed rkhgur otmBipwonrecasd dheagi n i nage

mani pul ati on d on the dat nd.the resuyl.ting nodified data are
then re- traﬁ“’*’ Fgr%él%%gﬁ’ %Weertreg gf‘g?n{fﬁ%%the gﬁ?%b%fmaata 150 are
mani pul at ednagbeas Sbowing mzli;ﬂgtprreﬁsnonpdnﬂiww,i foeywerdval ued dat a

610, These Beunbabeqen; VLo (1R 010:3h catipRg ap dephRayin Leyghe for vard

transform 4 rm dat a act that the

process des@hﬁbééaﬁﬁé‘a@“‘%ﬁt%ﬁerﬁweﬁﬁnmﬁiﬂﬁlﬂmr& SGcESNYRBRGRs in the
transform daa®all@o8hiang €halsdiann aheulhaﬁi@mat%do%h%ﬂeddt A8EE; are
undesi red cr;tn%geg i N tgn transform dat a ddition to those W%

result from ding e HGralh P TG ™ ng’ﬁja?ﬁ)? ciﬂnvgrﬁ@fihfiate\h}:‘& Trbodi es
t he processmsmiwalahedi gmmﬁqrmai shdfprencés gus erkate. néwe met hod 700
illustrated | t t

JPEG coded |%§rne ég}(ﬁa&g <£1E)g'Jelgacg%tQl a%ilfi &}%a %%%0%31 35%@%23@3‘6
which is deque&aﬂoﬁaDPEG coded data in the JPEG standard. The entropy

decode step 720 deconpresses 0 3 JUL %02 22 the data into quantized DCT
coefficients. Thé§dl{uanethew aRAT Cfetbhs BFeS$HySEIILRt 880730 and

passed to thgdviver sembtROE T £5Mprdties ing tbaﬁsﬁdﬁﬁ%desi Waka in the

t wo- di nensi qnal %P mvgrse 740 ]§_6 %SU|_’_[_I n |- val ued |nage dat a
are rounded T8% FPBFEPs Bk S P E™7 56 2P TP AR &F e'0 traan@’ * g.[0, 255])
to produce ingege:s- vabuedrbrragxeocuai@i Y>574cpnveh’e11agﬂm\edIMege ahﬁ it is
necessary t Q3hunGheodaha, PRI MIBIYPUlEREEOBNe f My @G nWRERyt he | mage

mani pul ation IS an |nteract|ve process, the_image can optionally be sent to
a display devi @@ PEROATRMEnt neiels duathed Arelpdeat REAEEMIAIphGuce sone

desired Chaﬁgﬁfeﬂsfe aantesatio®fot %m&eau&a&moébdéd Rtd;Npegebrilahg t hen
t he i nmage dattq becnver ed to integers c%%{%: toth ra gee

[0, 255] 768 e SRay L the ?’H&g%f G TFP5S TR Sd|P§|8 1758. The
new r eal - dormiagh |tﬂnagettiat aearedmaelrpmdpiroduhedfmmand ﬁh(e‘beiﬁ afid t he
resul ting i S a anti zed DCT
coefficients 4% ‘?ﬁglggg%oe %%n%d%%tggg Eﬁegﬂgﬁfﬁ;?ﬁ}ﬁ\egﬁc%ded 788 to
produce new%@H@c}sd&PalnEEgeVQZa%lQ:]lipalélgdltpf apeatlewesmnangeofiogmaay coded

data "C 71Q:orN@d!tEeaedB€W, cedeer&ﬁﬁlg @ae 293vePES P esrorOthenl y the
desired cha made .t 0 the i gﬁv&/ glﬁrra e _manj pul at | 62, but al so
Che brrors MHGnBEacLr ol THEPSUn NG SaOcPF Bot ot (e Pe5eahd J65.

It woul d be fadwartdageans foeomehd ntmatragrr—ptredlismnhe*sﬁaermees, An exanpl e of

a system m'ﬁﬂle%q%gg'ge%h h@rQﬁQf&ﬁég'&%% Rk BFodu @ed'@oﬁf{lgx A in Figure

7(b). The SysSt per orms rea main mani p Ion on co data. The
coded 3 trapgforggeoded error data; inverse quantizing the



23 data "C 715 are input to the entropy decoder 725, which is defined for
JPEG coded data in the JPEG standard. The entropy decoder 725 god]tjlgm
the data into quantized DCT coefficients. These quantized coefficCients
input to the inverse quantizer 735 and the output passed to the inverse .
transforner, which in this systemis the two-di nensi onal 8x8 inverse DCT-er
745. The resulting real -valued i mage data are rounded to integers and
clipped 755 (e. g. to the range [0, 255]) to produce integer-val ued image
data 759 in the allowed range. If it is necessary to show the data before
mani pul ati on, for exanple when the inmagg nmani pulation is an interactive

process, the im can optionally be sent to a djsplay . 763. The inage is
oper ated on Waaggﬁﬁ?‘bﬁ?‘g? reF, fiBtBrBHﬁ‘é‘éCJerﬂrél 1 éaeghﬁﬁﬁ%s.f?’?“qune
result of thertrapi patatiprodession- itheegenveated tduwra tihe thengealat a may be
passed to anqgther _in er nverter _and clipper. 773..1n_thi t he i mage
fata 777 mmy SSURTR bECHNAHT a7 os e i CRE I esa ST o VR hEEd SREH 777 are
passed to theddéangatbe D8HqeantiZkdandanhormad|¢inny DBTactef thei ents are
input to the thz8kg 7 2z cpeffiglents 789.
These coeffi g‘:}g%tgs %@% a’?go%%es;gcf%%&tgetggg\?ﬂg%gntrgglng%%oge&{:i?g% to produce
new coded datdaantizagdon,pp ctheymewditrpapéarmidata + hd folthgi RAXCEddER dat a

E 715. Ngwtihlée tfﬁew,agedsﬁ% dﬁ%\ﬁbfsfél'trzaszmglra&?i a.ﬁrggc?@ogrteabfsi haiﬁéi red
changes nmade tqg the i e e .i mage  panj pul at or , but also the errors
Fesulting f 1 MECHELPRE L ermtbimy dHEEE HHdL P R ridnss Tahder98IoEs o g = Lo
2002 24 Fi guipolfi@pdshnwshé heew Rfanexiantl eransiomanedmdantazati on matri x
804 for 8x8 DCT | um nance bl ocks. Figure 8(b) gives the JPEG exanpl e

chrom nance quant Staflloanoeher aspbttf of 88 PHsaily dmveatdenbliscks. The
smal | est quang o] i I gur 4 i o T L i zation
val ue in Fi g%ﬁﬂg %ilﬁ).gi }s{}g{ﬁsd Sfbn{ t.ﬁgs%@ntl%e g)%]slst}%%:e%g?&loﬁ%?g%%undi ng
is 0.5 for ed®dWosF 60 shfpresl damaimatgeBrodueomew high-pagaamirzed forward
transform coefdriogisenishi bh O GWELtHOR x| PEEASEST Yy (cOuRd-REngStd (shown
in Figure 8(;_2{). For thg ggant: zat i on maﬁ_s_l ces shown in Fi ggres 8 a% and
8(b) this siZ8%&9FEF PBY) 6LLPRMM §PaPP B11Wed of30%fe AfdCTeSRENETWFTFE

di sappear durinagsfoanti zahi am. eddigweEwent , f ehiligdtlgpdnindlydegpl | cati ons such
as high end I r . digi t ydj Ltk Rg, qﬁg;i o] rix

val ues are m?(; r%)r]faﬂ‘rg“flgr Fg%niﬁsg%r%ssecg&eg{tg? ﬁ‘éi%?: ?%:)%hee? e 5€f§%¥“n§?§@{‘er mis
as smal | as Bat@ippesépvuinaxthaininyeaisiet pramagorn et ridendiragséerordatae
significant. chhe PROGEEHPOSSEP! EhAf Pl FEQM 4SHICALANG ipToldusbqurder 1 for
each sanmpl e. This al nost doubles the error in the unquantized forward
‘transform coeft itti€edCI™ 6 MR- RARGISIOR PHRPREE T | SOTIP I G9r £D8(a) ei ght
guanti zat i on higjh+gxeadeisnmahimesmrigio fimteybrs and orlippipet ¢ot kal | y change

t he transfor ) i cal how t i.-generation
problemis g{%}_&%‘é\}%‘é El%lg?eégﬁc%@é |°n°§{vﬁ%%§2§%5$'e %%Igﬁar%ﬁs oit t[r?leused is the
8x8 DCT as ugehvertiele daPEGEson | the frhgh-porpiesen omuhentddicdmingset of
tranSfOrmdorfﬁ!g‘h—%%t:ﬁ's%ﬁnﬁf)?@:?enc{gs;}"’ﬁ{gﬁﬁpﬁﬂwiﬂ ecHddie constant, or DC,

term) is non-zero, are gperated on by I hverse transform 24 03J UL
2002 25 to prodic@retisiopkddbEferencsfomfiorvWastatBams Lo img £heg8e the data
consi st of 6Gardlpuasted aighrpredisieiaififerdn8ed; dwdrerildialy the JPEG | evel
shift of 128 t]“ro‘_ﬂrns ot%i teddgtg h‘?éubeen Cs&ol i %g. InThe {garlls- c)onn1la_i n % ta are
rounded to the nearest i Nt 6e BX° |eéjh PRATTRP s eAs rﬁaansdt at each
val ue i s rounkadpyd attedl 29rofhdafar ievvkrseanquhptieing ttthen applied to
produce new tﬁmfwr%-@@a@ap?gﬂfmﬂe@tesrr%%%ats_ g@&a\%@e%@%ﬁ@a

resulting new transformcoefficients 828 are signiticantly different from

the initial tYeansfommedopppiprbated grrorrdaday sPROREHHING Uitfe SOPABFESD
result. This ke tileS@eaPphibfsin 0 fdraThotimasdesmiiad ald driveebEed

Quant| zat fon Yaluc | s Setot0das &y Al eqliil0S LIAISIGLE oSt i el ents



transform,coded values of 4, 2, or 1 respectively. The quantization of the
new transform coefficients 828 woul d change the resulting DC ntj13pt 4
values to 2, 4, or 8 respectively. Another nunerical exanple ggM@EtZ@Z
mul ti-generation problemis given in Figure 8(d). Again the transform used
is the 8X8 DCT as used in the JPEG still inmage conpression standard. A set
of transformdomain coefficients 832, of which only one (the constant, or
DC, term) is non-zero, are operated on by the inverse transformto produce
a block of real-domain data 834. In this case the data consist of 64 val ues
whi ch are all equal to 128 875. Note tihat the JPEG | evel shift of 128 for 8
bit data has been appl Th n data ar truncated to the
nearest i nt SfEHPUd3EE dv\ﬁirﬁﬂr (Etfah gjﬂf thaaH °PH REHPSA%e is reduced
to 128. The dcm\mt(édt danaf oamd i pse1t fremiagplguedtipa pionluee tievnew) 3 J U L
2002 26 trar&_sg n% Qacoeffl cients 838. It can be seen that the

resul ting ne atrans orm-coefficients 838 are significantly different from

the initial transhonm cagthiel enie. G oHhisd ihdeRcibfly ndasiy abl e

resul t. Having denmonst rated the rrors cause rea n roundi ng or

truncati ng Vit ashfipar Piragessingt eiad dafa ApwtBRoReRbyATERIN ddkehn

clipping can-&aisds &eOlfide5i Bb e ¥ D i@%eaaaﬁéaﬁ%@uc%d nfaltydomai n
clipping 850. This exanple uses the one-dinmensional DCT to illustrate the

probl em Fi otRRVaHtdP9s kBndnEeHSFS tCIS‘S’Pla‘igsﬁPaWn@l{)‘h‘ée%lweof dat a
consi sting Oefft&hgfﬁhesalﬂipleQSe thenéetd i di I ay;edmbaam@hy, tote fteaqioeincy
conponents: an tant ’nt?:E) 8€%onet - W%l % gtgng(i)glz&{r? by the dotted
line; and an ré(f Sratt i ng, 54 Q\‘EF onent \gin grves an al ternating wave
pattern symw'etarns:@drnabmgltedt Hetdpt pexifdrimiang ﬂh@ rRyarseadaevantizdtsion of
component s, PRIElYarddid hReRAEkH! LALLM iCiPRhS, 3 AYEr SL Ol ON

val ues. When quanti zation is perforned hese coefficients are rounded
to the neare’f Fhardtgarsbiosn fié*éélth%@%%eéfrtéimhr 5hat of% domai n

quanti zati onr&4B-&diiih |d&tfah9rbaﬁc§@8dﬁe 838 thlen folif eXanpye-Srevikidrhe DC
coefficient ha a small %F%nti zat ion, val ue and so_quanti zg\lﬁ n‘_sdoes not
change t he P 9 ¢Bf Fhe R AR PR PERPSEfo % %r ge
guanti zat i onan@lmmndmgsazd anchahgeeld sty d ifoamting bynyeabed zdata)‘n Thi s
exanpl e showg n t i QHE-

guant i zati on. uﬁfﬁlgsé:&r@g%%zgt%g%kgg?u%ési@%jg}d%gtﬂﬁf ggggxgyg‘? ose used
when corrpreséﬂm@e%ﬁrﬁﬂﬁm@lgh&géeﬁmwn ‘F’mﬁetrﬁ—‘@céét'afpéﬁiééent ed after
quanti zat i ontb@ﬂ@f&ﬁﬁltrﬁg wmegla mgﬁ £o&d 4 s \Bl RS entBiss §b9ﬁ\§1m@
transformdorral n 200 data whjc Sp after | nvg

t r ansf or mi ng® ﬁl%ﬁa?%%ﬁm}ﬁ%ﬁaﬁané Buf i RECF e S o "Fe tHRBE Eﬁlﬂ"b‘ifiedjri gi nal
Teal -domai n datar winicdy dmtropycentadingeita i tumnsfionmscoBad ehmwt &B2A shows
the data pro { { i p Those
negative par ? g&g?m% h‘géarée&ellaetrélata Egée %Zgﬂ% gfnegcregﬂlng 8&{@1_ ?géériegt ts in the
DC coeffici eflidtdi imeerRf duanticaspnghandrricen-coded: 6reprofabri ng

introduced. Besausend heeqiiiaftiizéal tPAnY fbHifed Urdidie dla@aeogitbesgm%l the
generally small, the error s Iarge engugh, t o cause a _chan

quant i zed dafaPuer tfd iRt 1B Fhei SR L sfomatny (FaareT WG?F%&F’&“B% the
possibility proeesoedicrivadieeddayal ealidiiogeite cléquantdzed buarsicated
exanpl e 870 Lg §P°c‘f£lt Q;Fit%“r a8 ?férx%é‘&rg{&éesse@ %%‘%@P_'g §qpLoys the
systemill usFra ed i n Figure i'sTexa uses i mensf onal 8x8
DCT as used Performisg o:wnrctc;dqartgoof opnbhesnew trdnsfiora dathe prdbl em

descri bed ab@M@ro ?eeﬂld%ciirﬁ_} t(ih‘éa%hzéda%z&‘?eciafﬁac' entsS tRkCeshOWE iR MBtrix
874. All but two o he coefficients are O; two non-zero coefficients

are the DC cbBff fRF¥atd Apd &r‘i’é’elﬂsﬁhtFF‘E&E‘éﬁ&/ "Etﬁeflff} dhenprogfasing are
coefficient ssuafieieﬂemlasﬁam nghus:engllhebquwturit&tsmmt Brxoghown in
Figure 8(a), L8uS r}l tr|x 873 zV\Evie ) %nve al |s perfornmed on
t hese transzr Ha?a Jarﬁ T TERISAPFT of 22N e&“ real"’l data are
produced as shown in matrix 882. The data shown in nmatrix 882 have al ready
been rounded to integers but have not been clipped to an all owed range. It
can be seen that these real data include several negative values. After
clipping, the real data 882 produce clipped real data as




0 3J UL 200Z 28 shown in matrix 886. These data are identical to 882
except that each negative val ue has been replaced by 0. The f E¥2p02
then applied to the real-domain data to gi ve new rounded trans orn1dat

890. It can be seen that the new transformdata are significantly different
fromthe previous transformdata 878. \Wen quantization is performed using
the quantization matrix shown in Figure 8(a), new transform coded data 894
are produced. The resulting changes in the transformdata are | arge enough
to produce changes in the transformcoded data after quantization. This is
a highly undesirable result. In many shbuations, the process of decoding,
mani pul ati on and re-encoding of data needs to be done nultiple tinmes. In
these situations bkl ianatdeiroaspect e s Hrodeesend ipveptieRtss 49 a

ggnelratlon fghﬁd@ral{?ﬁ@ctﬂﬂﬁ@blrbﬁdo@?ﬁé/ﬂi Qﬁi@eﬂd&aceﬂveﬁélf?ﬁo i nt le?eris

and clipping.to an allo ange in_ the, real accunul ate as multiple
iterations af@mpERile rﬁa‘i?cg“rﬁ? ﬁ’gv Feded tdqt . ‘811551 f£eaUfies gblf &H%on of t he
data. It is peaduzed hhadorveatfiageyoi Mgt eyeer Oring tc&mppskngtad)la/xe exanpl es of
O LTS (L Er ORUESHeRY: LM MG B! LHOCRL N ARRY CLhPRRNG. O her

exanpl es having nore or°1ess érror deve are p055| The problemis
usual |y evenembedimént) odiing Whpdpiechwoatqm§m’f ddeedinggtmdoded

re-encodi ng ggtgheyhnisy Fdx%s%o%m-bsaéaaaaéar Anhornsagdedndai ;e ¥d 910 is
dequanti zed and inverse transforned converted to int egers and cli pped

to an al | onedUpRRYBAEREN 1Qf &Fkﬁ’dl‘i&én?ﬁ?@@e‘fﬂ%ﬂ FeFar e BFF d8FRIRY dtea 940. The

real - domai n dﬁbér@éotﬂi@sﬂﬂ&cseff tBet BLah Of vk datiaansigr praddcgianhicted 950
to give new 2 29 tr ed data, . Dl'. 960._This whol e

0.3 L nsfor
gt 19" EBRE: Ehe chORT IO S A et G AeD L B8 TORR B 1t or ot oms
t he final tramghepnecmj:erﬁh dama)erlan c@ﬁ@ermrpg dthecdqd ghBpcaoseiof errors in

each step theg t r f.qr f h nal
data. A case g&bgmg%lgg?hgn%% e%qgglnghﬁg i?ycgmr{)ragé%e dd%gmtzé Pozlchg ﬁ%%
gener ati ons éPnvestedoddlay rﬁamtmélcéﬂ-nﬁntm teniesftedndasdefiramt Bhe s shown in

Fi gure 10. |ﬂl?ﬂdbkégﬂsiéhtﬂﬁ%ﬁ%&%p$o§ﬁgﬁ? mibﬂaﬁBéaisaonSaﬁﬁféﬁ%ﬁ@ég
mani pul ation 310 Is Eerformed on the re domain data, followed b

y
converting t §OFHREGerEaRM PTG tﬁﬁsgzblglﬁﬁx‘e‘?c;’tsﬁé’nf GiEPYePFaREf or m and
quanti zati onguaheikeesyl thmg:m:mﬂdrmed da aan st lousn praefdcied éntmh@lo contain

sone error a F t ne , ina} et
quanti zed co;n;tggl ?Egﬂgﬁ%ﬁ §F ﬁgvgaggf téﬁfgééé ené&’eé}}(n Sr%g?s O{)ETAI NED
DESCRI PTI ON @EaMHEOrmmﬁmﬂ¢IJ¢ama deanphe eadedigmmr cfata/ neﬂhadpfor

transform donRi-Ba¢RL" Rt @&1&{ erﬁ%' - dQeRt nlﬁvéloéé dd%ntt*i%lBYgOEﬁ@S' ng of
transformdata 11007is illustrated in Flgure (a); Transformdata "A 110

‘are passed t HPS6GRTaRTRRTES SR Q4L F8Em ?@d‘t‘%”ﬁﬁ d%ﬁﬁ’émﬁlléﬁ preci si on
real -domai n datasidbmedaserrofidiattae heajpuldeidd gthereejuaneiazdata 130 are

converted to,l pped .1 i nt [ r.e oppi f dat a
(e conver cEdngepERedohs fys P BRokBsPi 8 0 MfAFECBREEPIR thd
optional |y sé&ealt domnaiput perwaksyitcansdorming egee rRincesesd gat¥eybedone form

of 031J Udktggogdding the manipulated dequantized transformed error
data to the transformed processed converted data; and
performing quantization on the new transform data. If the
errors in the forward and inverse transforms and in the
processing are sufficiently small, there will be no
undesirable errors produced in the new quantized

transform-domain data.



30 mani pulation 310. If this manipulation 310 does not produce |nteger

out put, the mani pul ated output 340 is again converted to |nteger g 2002
clipped 320. The resulting integer data 330 may be stored, transnltte

and/ or .optionally sent to an output device 160. The processed converted
data 330 are input to a forward transformng step 410 whi ch accepts integer
data as input and produces transforned processed converted data 620 as

out put. Because the stage of clipping and converting to integers 140 is
performed before the mani pul ati on which accepts integer input 150, the
resulting errors cause the data outpuﬁ3fron1the mani pul ation after
conversion to integers,330 to contain at t smal | ra The

i naccur aci es can’B rﬁo??e%?eﬁqu+ﬁﬁ$§nFr5H§F ?ﬁ(ﬁﬂﬁﬂq14;% EBtﬁhEtlng 111 0
the convert egkttiota d86ctilodd tHerdinghepdecose omo«alajmnlga@ dh@am ng

hi gh-preci sion errorg, 1120., These errors. 1l 20 are..n ed, to mani pul at or
1130 which f&% (S h?ﬂﬂsbr‘é}@rssl]tfh g]t,;gp aﬁtﬂo%lsr?shprtft scetd ¥ r%&uce new

mani pul at ed ﬂua@hdpmaa:nspwncmsmgs offl 4ataTheomani piridglee dsovirgle, pbeti si on
errors 1140 ¢ p. 1 cepts
real - val ued “dat alé;ggllggulfg %eﬁ Sieosuqtnl égt@%g?ls P?njg ga{%‘r ]f}at aw@%ggp%y be
nanlpuIatedfﬁg&ﬁﬁsll$gcbe$@r%hQtmﬁnﬁmmgpeﬁatﬁﬂgﬁ$am%f%#qﬁﬁjd@ﬁ@ors 1174 are
added 1180 to the transforned processed converted data 620 to produce
transform data ° A¥e dpRBFL23G10R desqdiPefedl thatPagksrnung dsotbene

mani pul at i ngListeaps q&&ﬁtliiBDon angkdl i A0 1hte|9h@8£d5hhal | fmapne@laame present, the

transformdata ~A3' .11 i dent i cal D.3 J 31 .t he orlglnal
transform da?oénprﬁssi‘loa %FE‘% 5@ '“Hi‘e E}BFG %n‘iihe |‘J‘F;verseerter alr?sporm 120.
This is so pn&qguhemgnthEhabrmnecguannmzhadnhngesle@samli)Hnnjmmpﬁanare t he
nverse of g d DLea8S! EROSLANILNG S Gan1 20 ANda el NESdTle 5 Rors from
roundi ng an I pping are no presen In the trans orm ata 3' 1190. The
f orwar d trar@ﬁﬁﬁ%%ls@lénﬂailw ronses #itheEbihs ipeertionm ddthe A3’ 1190

when a di ffef@HeifQMuanhd steaNEiorRdrs désedibeh ﬁa@ﬁé@&&@ﬂm\ﬁﬁﬁ&t@n abet ween
t ransforns W I h, correctlon In the transforn1dona| the errors from

roundi ng and{iHHdR EAURRLoRaht bul AGtHE sF@‘Bogi@e’E’f%dTaéé Y%fe %ner gi ng of
two data setBooldrertapileher theeguaidullct icompatepond 3o cactitwrerardimidaat i on
step 1170 is. qx;o create the nmerging of the two error sets for

enbodi ments Th ich the forward transform operates on bl ocks and the
mer gi ng occurs o | Qc a R operate on
t he whol e data aglgﬁ% % EEEEHQﬁeg%%gﬁp g%gﬁ%a%gXFEEﬂié?%ﬂﬁf¥gg§%h t he
errors creatdParaiifyl @ GRRUEEF PERIUdTe ansh far 8T t1iane JRARUEASTUTEn some

_enbodi nent s @émﬁfﬁﬁsiﬁfg?&el&bmbﬁ\téﬁtﬁsﬁblé h e ﬁgv&hgpcéﬁ@@téﬂs ﬂemaamant ed

as an intelligent addition. %g § ($q¥1 ment, of_ i ntel gent add|H§on

t hreshol d i sPHYTHeF mFBPérS QAT Sei i §8§scﬁ8Fl FpA Tt e uses
for the transéaremitbyr dbessetihcdavef tiete qatesenitn inestéohodi nent, only
errors of |larger magnitude than the defined threshold are added to the
transforned processed converted data. Alternate intelligent addition

i npl enentation rules are al so sonetines used. Al special addition

i mpl ement at i as addi ng 0 3J UL z002 32
intelligently.: Thus for these enbodi nents, whenever an adding step is

i ndi cat ed her ei n,TH95§ @ncholtdsenpbiieats arfqatgiesigane adurrraseemd oyi ng

addi ng intel thQ%%éé’entTlelv%QQﬁ.%neﬂbDﬂlE@tfﬁnﬁe hapea riehe aguﬁnfagaléﬁﬂat t he

traditional manipul atin pro £SS ), fol.lo war d nsform ng
are undi st ur B&Y° 3hgﬁr§PFsF8 %V+Q§)d ]€¥§§F§§rbg b?% ?% fhe
nanipuIationlsVemmlqnuwndnemeaddéd bankunaeitior e thr ahef drawingr Hiopeseyd dat a
after the trag % processing and forward transform ng. For some
nanlpulatlons the mani pul ati on on the high-precision differences is best
executed in the real domain. For other manipul ations, the transform domain
is the preferred place to mani pulate the differences. For exanple, in an
enbodi ment wherein the manipulating step 310 perforns a 90 degree rotation
on the converted data, then the high-precision differences also are rotated
by 90 degrees. If the manipul ating step 310 nerges two data sets, such as
in the chroma-keying nmethod, then the high-precision differences are nerged
to correspond to the nmani pul ated converted data. For some nani pul ations
such as color correction of the converted data, the correspondi ng
difference data may be cleared or zeroed since the differences no |onger
correspond to the changed converted data.




An exanpl e enbodi ment of a systemfor transform domain correctron of

real -domain errors in the processing of transformdata | 105 |n zﬂgz

with the present invention is illustrated in Figure 11(b). Transforntd

"A'. 115 .are passed through an inverse transformer 125 to produce

hi gh- preci sion real -domain data 135, as in Figure 1(b). The 03JI1~1L

2002 33 integer converter and clipper 145 operates on the high-precision

data 135 to produce integer real -domain data 155. In sone cases, the

i nteger-valued data are optionally sent to an output device 165. The

mani pul ator 1179 operates on the real 1glomai n converted data 155 accepting

i nteger data as input and produci elther i nteger data or h- pr eci si on

data 1183 as out pEE - Thi?) n’asm%lml&g&?r dy 4% 3 tah@e§5?@ g’bcesm ng on

the data as therspningl & i Diversd nirageEsr@l0 described above in Figure 3.

The processed converted data 1191 are input to a forward transfornmer 1795

whi ch accepts integer dé@hn bs 4 MiwckaddagradustesvitigaRskgsted poocessed

converted da%% %%%8lﬁ§ oKt pus 5§9%§ﬂ§% gpﬁ stage of clipping and converting
5 Y med Beto e

to integers | re mahi pul ati on whi ch accepts integer
i nput 155, the re%tt;tlﬂgaﬁrreras HARRE! Bbyr CRUSEnLY dakcRBlPRL; from (he
mani pul ati on after conversion to integers 1191 to contain at |east snal
i naccur aci es derrRéipgateapateey iedbEatdirected in the transform domain by
subtracting 1115 the converted data 155 fromthe hi gh-precision values 135,
forming hi gh- precF<Fon? &P} o}% %JQ&?CkTﬁé§8r%?r%P§”fﬁgﬁ'éﬂétﬁﬁsg%ﬂ to a
mani pul at or We¥>awhgcbrassepis-didqyat @aeai si on error data as input, to
produce new mani pul at ed hi gh-precision errors 1145, The hi gh-precision
errors 1145 are u¥gd.as LapmtblquldiabmamaSUOWimmsfmmﬁmbESEprmhheh accepts
real - val ued | i f error data 1159 may be
o3 -8Bt brodtfahtE e cRIpLEaRT ML

passed throu ore the 'mani pul ated transforned
errors 1167 are imppyt Ho;ang adgegctﬁzgrghoggowiﬁ&t4|M%gﬂaan§59rned processed
converted data 0 3 J UL 2002 34 11 The output of the adder is

t r ansf or m doRELFOCBAPECRBALRY RIS JrhRngdeam™ 811QH945bYTﬁeﬁ€rV§rﬁo

requi renment tiiansEFoymQr afd! déhorideratdmigpuhat @bt l-lgdhedation prdbldms be
present. If none are present, the transformdata "A3' 1175 are identical to
the original trangfernbdasaa’ wlodm5hm@keh.mboeim@eahmﬁﬂmdtdotheehqdemge
ranstorm 128 Thics b o 2ngr QUL HEEb DR LEVAL Ha | T ANS IR (L EIRgAEH, | 155
are the inverse of the INverse transt ormer an srnce the errors from
roundi ng and ®4litdpigegesptinptPyela®t in the transformdata A3 1175 The
forward transforns | 195 and | 155 produce different transformdata "~ A3" 1175
when a different deFwaﬁlerangt%?’?nq@gd§é‘d5h?ﬂtgga4Ir%ﬁ/ﬁ‘oé’oﬁ\?ér si on bet ween
transfornms wddr feotiiagt haninvet e ﬁﬂ&ﬂkﬁammntdean+dbmﬁlﬂlﬂauarrors from
roundi ng and cl.i.p [n_sqQne odi e .0 t he
adder 1171 |sma|nm5]f‘)l el%gﬁf) ed a§ angﬁ"faeﬁ ]dl%] aIp# néegt{rzr)tne \éggk Ten h%f t he
intelligent auddr- g@nﬁmﬂesholyr¢biem#rned for tol erable error that does not
i npact future uses for the transfornmed processed converted data. In this
adder enbodi nent, Ff-y 7dR) ok8 dfbleglysiagagni shewing i neidogeffrred

threshol d ar eactdﬁdutng E:Ealtaaﬂ&iﬁ)rﬁ@ﬂ:a@s@@tgsSQdJFmeI'lt-Qﬂ)dé@I amadkt ernate

intelligent on rul es are al so sonet sed. speci al
adder :gplenéﬂﬂﬁtl rgxh %Fﬁ ?é%eﬂqaﬁi'98n8§?ﬁb°$ééﬁ 3 by inteIPigent
adders. Thus fox Hﬁ£§e ge&g& % 99% |§ ég; Eg rein, is
i npl enented as an |nteII 1 ? ? ons” A for

transforntcknnﬂnfqanDSCKﬁéh d@m@e@JPRnﬂﬂmSnnerpéréPﬂﬁ @¢Erqﬂdﬁ§e99ﬁgg of 0

3 J UL 2002 @54, 3nstar exae8eds deded mhAQY - glhksa PR OS dis1 drpr med by
extendi ng the nmet’hod 1100 described in Flgure 11(a). 1In this enbodi ment,

the transform coded gdaBga)Bgivtd @€ JrRExAnpUaNLIALILIEAD qRNtAkzEtion
transformdata 110. As in Frgure 11(a) the converted data 150 can be

mani pul at ed §Tﬁnﬁ§ing traditional integer processes. Before processing the
converted data 150 are subtracted fromthe high-precision output 130 from
the inverse transform 120 to form hi gh-precision differences 1120. The

hi gh-preci sion differences 1120 are passed to a mani pul ati on step 1130

whi ch accepts high-precision difference data as input, to produce new
mani pul at ed hi gh-precision differences 1140. The mani pul at ed hi gh- preci sion
differences 1140 are input to a forward transform step 1150 whi ch accepts
hi gh- preci si on nunbers as inputized 1210 to produce transform coded error
data 1220. The transformcoded error data 1220 are likely to have many
zeros because the high-precision difference data are small values (0.5 or
less for rounding and less than 1.0 for truncating) except where clipping
has occurred in the converted data The transfornrcoded error data are

o o Ul AN Lo . Y . AN AN ——



0 3J UL 2002 36 processed converted transfornmed data 1260 are quanti zed
| 270 to formtransform coded data "~ B2' 1280. Dependi ng upon the desired
system i npl enentation, the forward transform operations 1| 5@ 3”*9%520@/
enploy a different transformthan that used in the inverse trans

operation 120. For exanple, the inverse transform 120 nmay use the inverse
DCT transform whereas the forward transforns 1150 and 410 may use the
Fourier transform The resulting transformcoded data "B2' 1280 are
identical to the original transformcoded data "B 210 which were the input
to the inverse quantize step 220 if: the forward transform operation | 150
is the inverse of the inverse transformoperation 120; the forward

t ransf or m oper at i B¥g 4 Bd0) s giHES| FherSEDfeAm@Len¢BFSBLRRBPRf or m oper ati on
120; the quaghdFeiifdiormdesidsed in the inverse quantization step 220 and
t he quantization step 1270 are identical; and the mani pul ati ons 310, 1130
and 1170 do not hirms. lg(d)s i8okefluhéiicd he famplar d ft hawstea 1 ddfh i | |
produce different. transformcoded dfta B2’ 1280.Wh§n a}hgl f}];séﬁg]ﬂt forward
transform i sTORREIEGHT SANTE GEEOBFETY ST SqdBnP 8 abT 3 §€9% t he
i nverse quandatati on 220 and quantization 1270 al so produces different
transform coded data | 280. This nethod thus allows conversion between
transforns and quikti ZAfd)od snat pheesionl roianplse ofr howsreéabmaemaidi ng and
clipping bei BuRELSAM dah (R@skNBUENI2B0. A0 4R rBUART BZBLHOHk Iy It S
noted that the _conversion between Quantization matrices may be for coarser
or finer quaﬁ?f’%‘ét‘i‘%‘?&’. For exanpl e, when converting data fromthe JPEG

i nternational 0.3.J UL 2002 37 standard tq the MPEG i nternational
standard, the quaﬂ]tsq’ZaB[ﬁebn 1% 3 ?Eé?‘?st%gb%ratpghsr @Psgﬁgkﬁf‘%hlé?wqual ity JPEG
i ndependent raaedomain nddaged ndurangecahee egitanyy ijpr onesdimdheicwek ser, nore
conpressi bl e, I S ar, 0 § € t.he desired bandw dth

obj ecti ves. &yg}ggt%t ersxhear?' ,a“?’%gféc%%%ér.%sas/aﬁ:nad JPEG i mages after
significant hand pditidgs) Lhey 480 b1a) | ohe 1o QuideGli¥all O eREmb D€L £ I ibupr der
to preserve the_changes. The asteriskS after the term quantize' in steps
1210 and 123@°atzdeBmhderiPRing: cRP F3UsRVEHHGECIRt RALCEEahRi 5 i on f ox
t hese steps bsobrl bet heodutrrtataati on used in the final quantization step
1270. In this case the dequantized transformerror data have sufficient
accuracy to correfEiGt he ¥ea bdordk diegramsshowirde ac metdotieged&damina an

alternative L EN ni [ Q nver dat 0 and
forward tranglpg‘r'a%{)% %.ti%g%ﬁ({%e o?'ﬁ'ltt géegg?rg%?sbu(fea%ée}gb%&négr ?gg'dgt ga%cgo i's
done in paralerRBLbRELIRG t HRe Jubttiagenagationtprelrlamie hi gh- preci sion
differences and forward transform ng 1150 of the high-precision

‘di fferences. In tBLS: ehbokh memlockhdigasnmi $eminD 0 M@tdodnderse quanti zi ng

1230 steps apRrebiRingtmeh iR tifaRatbAB. BT FOL1 AR ikl 8Anapba1LA AP s,
directly into the ny pul ation step 1170 as,in Figure 11(a). The

quant i zati on 38f ERBIPHEIRS o aidt-g5RarebiemRRe if orm coded error data
is particularly u ul n the ni pul.ati ons are .done sequential Ly and
only limted mam)?;&i' slﬁcag)l Ilasolaem cE‘t Sr-89ht e (h‘%”i‘%taé’gg a8 se?lr‘e%l dat a
and the hi ghmetbedsfon the fararmfertatenalhecereestiommododed ledovaidata is
hi ghl'y conpr essibke;n SLRE GorMials R8T bisCheRhStord dhth Ui 220Q2438c81 € zero,
a 64-bit word can efficiently storé wth 1-bit flags the locations of the
zero and non¥2&PotBEePFeEsRntiNVanddeRdi ng upon the quantization sel ected,

t he non-zero coeffjci eﬂ? can follow this 64-bit word as eith(ir b¥te or

t wo- byt e integers?IG' b) 1s a block diagram showing an example a

system for the transform-domain correction of real-domain

errors in the processing of transform data in accordance

with the present invention;



Figure 12(b) shows a system 1205 for transform domain ' orrectﬂ 3nJ<UL nqz
real -domain errors in the processing of transformcoded data. This syste
is formed by extending the system| 105 described in Figure 11(b). In this
enpodi nent, the transformcoded data B 2I5 are inverse quantized 225 to
formthe transformdata 115. As in Figure 11(b) the converted data |55 can
be mani pul ated 1179 using traditional integer processes. Before further
processi ng or mani pul ating, the converted data 155 are subtracted fromthe
hi gh-preci sion output 135 fromthe inverse transform 125 to form

hi gh-preci sion differences 1125. The high-precision differences 1125 are

passed to a mani te 113 i gh accep s hi reci si.on ta as
i nput, to producgﬁ% 1233 pﬁ?a?é%gﬁﬁgﬁf [ 9&E S|oﬁw n?fé?éﬁ%%é”fﬁﬁ%éaThe
mani pul at ed hethedriea $hentdahsEoemodsnaime cogpettionact oremlr-dicmaansf or m
step 1155 vhigh, ACGEPlheNbaB-RLehs O (MHIRLIISoh0RWatl N, T ansf or med
hi gh- pr eci si on ference 9 ax uant1 zed 1215 to produce

t ransf or m codegprdarsie gdth thesprasent rigemddenéoded error data 1225 are
likely to have many zeros because_ the high-precision difference data are
smal | ~val ues (O. 5F£% ed®)f 6F RobkRfF AP IANF M sEOVRAA AT *¥BPhS @dcat i ng)
except wher esgst&pi it Rde @eaHEESHN! dodlih CFreetedndat aread@iomain

transf orm coded error t?‘ata are mver(ﬂg1 uan'i# zed 1c21 g o, form dequanti zed
transf or m er PHFOFS G5 LSUPEOSEHS1RY Yhat INTRRIGA AN i YEd transform

error data l1l2d4&ordandze witthi pbkapeedsddi 3irtvenftdom; mani pul at ed dequanti zed
transformerror data 1255. The processed converted transfornmed data 1199
out put fromthe fE¥Gvarld (@)ansf arbladl5iiatan sbkWiingegereXaprite are added
1171 to the dpay@tidredd Lapataed ?61'? %h@%ﬁn%%@§m—&8ﬁaiﬁ abst BRI N

corrected processed converted transfornmed data 1265 are quantized 1275 to
form transf offn EeRfecfdmain egzors gy the jestdiHPrgAonPEREE SRS &F

i npl enent at i @ata} heudrorskand untapsted n@frdﬂ&im&heeﬁﬁhoyranﬂférfn&r@med
transformthgn,t hat %?i t he i nverse ransf or e E exanpl e, the
nver se. {1 andRR e TR Py PAIERPEERE T osred SRTe, PARRIBian wher eas ¢ he
forward tranptesemt Iv8mtimn;i apdenent the Fourier transform The resulting
i nt eger transformdata "B2' 1285 are identical to the original integer
transform dat a ~ BFI®| 5L3H)clswer blegk dimaitan ¢hopdngnear ssampkat i zer 225

if: the forwahdodimdlsf WY slis®eml ot hend NMAISE Fn-tBRain! AYEFS&Rion
the inverse of _the inverse

t ransf or ner e forward transforner

t r ansf or mer P% re"l‘lnq %ﬂleféf’rrénlvaFﬁ%s ?Fijedjqn}?lf‘hé’rf’ﬁﬁ?%%gqclﬁrﬁqdze 225
and the quantiazey 42315 tavax |Lﬁiﬁ|&tsncau efnelrd hin nivel pelatoassidit;cdde3b, and
1163 do not hij i wi || produce
‘di fferent m?glg%r %ralrsles oCIregfgat égsaév%ﬁ cﬁt erftra)%tE %Fi\}val?lg transformis
used. Sini | aPrgsenselnfentiifoner ent quant i zatl on values in the inverse

guanti zer 225 and quantizer 1275 al so produces different integer transform
data [285. This nethod thus allows conversion between transforns and

quanti zation rratrlces vmthout the errors from 0 3 J UL 2002 40 roundi ng
and/ or cl i ppPBRECRERE 2 EROBEE quantizer 1275 input 1265. The
asterisks after the term uantizer' in steps 1215 and 1235 are indicators
that an advant agebdss Gt Brovifes et Mlbc Ky STEMFal AREhEORRIMTRY zat i on
used in the proabcsamiicterrelite. ofhebinbeate praninw datirodnséary etheor dat a
have suffi ci CVet Qe converted
data. In an §P%’erg%% élf r?goqcci’ msnt%tatt?he %%%t%? h% %IOEI‘S b?h%lb%onverted
data 155 andetvpwaisl am%ﬂrb&f&ﬂ rad degsrapbedhe Tlmseg@r f@éﬂpyadabxéda convert ed
data 1191 argrexentherod bRl gt ibn! SondGN PUGH QirblSPealdk {6K var d

transfornmer 1155 of the high-precision differences. In this enbodinent, the
quanti zer 12?5daﬁalm%ﬁéﬁ%ﬁghquéﬁtPfepaiiésuéﬁ%;¥ﬂWQﬁQQaﬁéét #ABat r ansf or ned
error data liaflipuPatigiitartiACinbceBsdnyhes naipbiteal tlertlé3-Bsfode Fi gure
11(b). The quantization of the transformerror data to formtransform coded
error data is particularly useful when the nmanipul ati ons are done
sequentially and only limted nmenory is available to store both the integer
converted data and the high-precision difference data. An exanple

enbodi nent of a nmethod for transform domain correction of real-domain
errors in the processing of coded data 1300 in accordance with the present
invention is illustrated in Figure 13(a). The chosen enbodi nent is a nethod
for real-domain mani pul ati on of coded i mages, which are transform coded
usi ng the DCT such as JPEG coded i mages. Coded data "C 710 are decoded by
a | ossl ess entropy decode 0 3J Ut 2002 41 step 720 to produce quanti zed
DCT coefficients. These coefficients are dequantized 730 and passed through
an |nverse DCT 740 to produce hi gh- preC|S|on real donaln data 1310 The

ey — — o o, . AN A PN




The mani pul ation step 762 operates on the real -domai n converte 5
accepting integer data as input and producing either integer gﬂgﬁoﬂJz-éﬂﬂz
hi gh- preci sion data as output. If the mani pul ated data are not integer,
they are converted to integers and clipped 678 before optionally passing
themto a display 758 which takes integer-valued input 772. The subtracting
step 1314 subtracts the converted integer data 754 from the high-precision
val ues 1310 form ng hi gh-precision differences 1318. The hi gh-precision

di fferences 1318 are passed to a mani pul ation step 1322 whi ch accepts

hi gh-precision difference data as input,_ to produce new mani pul at ed

hi gh- preci sion differences 1326. The nﬂalpulated hi gh- preci si on di fferences
1326 are i npeedtdigitalr warcdhntiaasf oontah o tle’B B ywtiheh cant éptead

hi gh- preci s d .y ,ggg i fferences
1334 are qugﬁglg&gaﬁggéﬁforqgg uc Fr% %%éé%(ﬂ) gkgﬁfﬁ%ﬁg%?%gﬁ . The
| ossl ess entdigpiabneriestigy . 1316699nb?@hﬁ&ﬂ#qqu?mnlaﬁ§ﬂofﬁfcﬁ@@dse&#QN' dat a

1342. Then EQ@pSHQﬁQ&@rf6H d%ﬁ&%a%%ﬁ@t aﬂotﬁhfﬁﬂHfﬂiori@!ﬁgl Qhthransm tted
efficiently. L Z002 42 The Tossl ess entropy decode step 1354

decodes thePESHéal%ﬁr%ﬁdcﬁh%acfgﬁénéﬁﬂ 6%??%&%?%ﬁkﬂﬂl95eG £rddk®orm

coef ficient s:epfhgéﬁt_cmfﬁnecl;ﬂﬁh@mahendggu&dsu ZebddssAng A¥epeLfEtiaed | zed)
1358 to pro&gee dequantj z tra sforn1e£%f data 1362. The degﬁgntlz

transform errdr Yatl? %’&1 YoaehhiTplFat €8 9368 RO FSFmt fiaf
dequant i zed otr dash owi @l raayntddng er382s ihpaxtemesseﬂmcdatarbgd data 772 are

nput to_thg LoruaL 4, 0. I8, Whighl) ;acCeni Be ) GGRI akd asal nput . The

out put valu romt orward are add to t e mani pul at ed
dequant i zed iPaasreRtn @f ridre ¢lata vBIghf bhatelyy thegrsiesr feg6nand £8$% ect ed

transfor ned @atral11880moddGard dslOpFveesBLEE £P¢ It R rlciarbboeiBgndat a 1380
are quantized 780 to produce new integer DCT coefficients 1384. These

coeLfl cients 1384’har§eﬁmmiﬁ=£b§336fathespkeﬁselgrﬁi%élﬁmdbfyStﬁé 788 Ejo

pI‘O uce new.co oteda.,t t t he 0 I, an

P verse Dot ERGRTRES: &, (e muient, dpuRnbPbR s Madnitiel® £oRbHREER 0,
the error tHayisnhpbddcehats iredhet tfaguhabfpaeqemtmd Zetriedm, sbppionsl

descri bed i %t'é%‘éafa'in an, £3dn WNVER %H%edagﬁgﬁri%e@t Orfcl/‘ox‘ $okatroduced to the

DCT coeffici exanpl e 1 nventio odi ren a systemfor

tranSfor"*dOWH'nlﬁoiéeﬁétéﬁ'éﬁaﬂ*%ﬂe demRe t§r69r§héfbﬁéB%nQrgﬁ%%ﬁtﬂgnOf
coded data 1305 is illustrated in F ur.e Coded i nage data C 715

are decoded 3y ASEEEL| 2B2EMFHANYY 8&€Pl7é§°??ﬁiﬁ FEEG9ER8Y2zed DCT
coef fi ci ent SlowElvese tbeféumséquehﬁma&sseﬁptEOnaﬂs|mmmmspJquambhzeb 735 and

»then passednhg.%uggtgn I@Hfg s Qthﬁge7%§ ERepﬁéﬁ%¥§i availability and
continued usage of image data compression standards which
are employed worldwide. These standards require the
introduction into the digital data of the errors to be
described and the continued employment and processing of the
error contaminated data. These standards basically teach
away from the present invention. Thus image technology is a

good example for describing the present invention.

Figure 1l(a) shows an inverse transform method 100.
Transform-domain data ‘A’ 110 are acted on by the inverse
transform 120, which produces high-precision real-valued

data 130. The high-precision data 130 are converted to



0 3 J UL 2002 43 high-precision real-domain data 1315. The i nteger
converter and clipper 755 operates on the high-precision data 1 g LHJL 2002
produce integer real-domain data 759. In sonme cases, the integer-valuée

data are optionally sent to a display 763. The subtractor 1319 subtracts

t he hi gh-precision values 1315 fromthe converted integer data 759 form ng
hi gh- preci sion differences 1323. The mani pul ator 767 operates on the

real -domai n converted data 759 accepting integer data as input and
produci ng either integer data or high-precision data as output. If the
mani pul ated data are not integer, they are converted to integers and
clipped 773 before optionally passing ¥hemto a display .763 which takes

i nt eger - val uaddggmst and7clIpped UAT ot prodiftd inb¢gerctsedlrelopanvedatad

i nteger data /59 fromthe high-precision values 1315 form ng_ hi gh-precision
11 or ences 1873, ThaCHrgRaprer, SronHiprE: Ecist B 4¢ Fatdensitva
mani pul at or d4ekty twhiagh oaepapt et @h-1woeci sion difference data as input, to
produce new mani pul at ed hi gh-precision differences 133l. The, nanipul at ed
hi gh- preci si on difif@irenaes) | SBdwarsh iiRulrskotaahofya ts Xterernob335 whi ch
accepts high-precision nunbers as input. The transformed high-precision

di f f er ences WP Lara-deuAinzdgta sy tldS5rgquested apR Y odéyeéseor dat a
1347. The | ossd s gL 9BY, e{aﬁp@l@rprlo%ﬁﬂeef‘somgﬁ%sécwf‘oﬁ ransi QhaLegqded
error data 1347. Then the coded error data | 355 can be stored, saved, or
transmtted &%a di¥dnt | Fhe hogB-pregisizgpathe 1BBsarestnrui rigpyrhgecoder 1359
decodes the I 5.4 ts.q i : orm
coefficients. eggc%%éF??%?eéﬁg %gL J%ghgﬁt?gegggégésqﬁﬁ%%gge guanti zed)
1363 to prodeessl dqedm dasd 158nsfr mare casdat ath86intadardedwadt i zed
transform er a be i,bul_at 3 for nj pul_at ed
dequanti zed %%%s ot ¥ §?§8§E§gthm§§$ﬂg>fﬁb%gFﬁgésgégl%%ﬁ§%$?3%953€a3777 are
i nput to thedfspleyr chobGTToer, 8ieldwichicac et sorndrganditat@lagzed.nput. The
out put values fromthe forward DCT-er 781 and the mani pul ated dequanti zed
transform error dgitgurE327aar ehowpua nethdie 280dépr188¢odite t r ansf or m donmai n

corrected trggﬁ{ ped 385 0 BH%';r m ad e input to a
guanti zer 78 6£%rod5%§%§e&;f§feg%r cﬁog%ggéieﬁﬁé #%ggﬁéy%hese

coef fi ci ent stuBB-wme Godiedt dedat hR' | 9k |aews iaverepyqemeotesd 229 whiith
produces ”e"\%&% 4 43 g& e1333- 'Arh;fﬂht%do&ler&@t Sn6000di FRNt, Q)1 iNG ¢
present invention a netho For per%or ng real-domal n mani pul ations of

t ransf or m cobRRl REAURINIZANGr RSP ORIV O Pec BRAEEEH] Bf HRPWedte ddain errors
in nultiple st@PSse &ldasFRirhnNg2bheaf@ULAYBHNGrbBeegoONYEr {20ridaird and
correcting the error in the transformdomain wth forward transform ng and
“quanti zi ng st -and inverse quantizing and inverse transformng steps, is

i npl enented. Refer, back to Figure 10 where the integer putput is passed to
each of the forwdrd@WaddPdr §BoYs02 Vet 498 EPEnfiEFgdtRI11(a) of creating

hi gh- preci si era¥foims-doded! (i0ed GOANET fod) FATAQr MrEkepntégdr t akes
hi gh- preci si on i nput and, then adds. the transforned ergors Intelligently

into the trahctHf —cogledefiata dit 215 Rre FrPUt 5805hA5MR¥ERRes the,

errors from gewieiddN@as0 wdt8ggusnesh €l driPRialGiesFagUI 8 Hefaidd | @9t rates
one cycle of such a nulti-generation stem, Figure 13%;) illustrates

anot her enboPIERt TP OFESHIE 8EoFPS FeAYaR aft6R HRtPReSEEY | anot her
al ternate enbositrerd wfe tikReptesepins fodidd W2S,MAhANBBESA 8ng V1St RiBddy

per form ng real:dggﬁin nqg%gulations of transformcoded data with

t r ansf or m do&i 1 corf¥& i"dX’i'n nultiple steps, alternating the subtractor,
mani pul at ors, an d it h.a r faQr nd i zer .and a

i nverse quantize%hg%%gﬁﬁ%%rgg F%gnm?%gﬁéééﬂﬁgﬁgg% o§ iﬁgﬁgg%%%ﬁfu' I ch

il lustrates e eaywipnlgtipongift boghnerans forms pettemanfint gensfatmexpsied

mani pul ati ongg@y, PeFHOLBRAOMAGH1 BRESAL 6PN L4 MR odakainFor o fxamle for
digital studio editing, the first manipulation mght col or correct the

i mge. The second nmani pul ati on m ght merge the color corrected inage with a
background usi ng the chroma-keyi ng method. The third mani pul ati on m ght add
highlights to the image. The fourth mani pul ation mght crop the inmage to
convert fromthe 16:9 width to height aspect ratio of novies to the 4:3
aspect ratio of television. For the printing of inages the first
mani pul ati on mght rotate the inage 90 degrees to orient the inmage with the
printing direction. The second mani pul ati on m ght nerge several independent
i mages into one conposite image. A third mani pul ation m ght do a col or
conversion. For coded inage data the output device nay be a display or

tel evision set. For coded audi o data the out put device may be a pl ayer

and/ or recorder. Exanples of the manipul ati on between generations include

Y . .



0 3J UL 2002 46 transform coded i nrage data sets, the nmerging may be
needed because nultiple small imges need to be collected int gqunigﬁﬁj
pi cture. Fan-fol ded advertising brochures typically are conpose 2
mul tiple individual pictures. Today's highest end | aser printers print nore
t Han one page at a tinme. In such cases, the images generally do not
overlap, but may not have the sane quantization, positioning relative to
the reference grid such as the 8x8 bl ock structure for JPEG DCTs, or
orientation. By conposing the final picture in the real domain, standard
processes can be used for each subimage. Then the conposite inmage can be
re-conpressed for eventual deconpressio®, for on-the-fly printing.
Simlarly, digi L1y e el : i f g, ri ng
several i ndggghggh?ﬁ%%%%l ati olrlllg .pgrg%irgarr%tgﬁiq{éﬁ 3})%]‘ Sﬁl%?tsglésrr%{ln es often
use the fad@FdgEf he2 Pt Eparany ddfffeeentor pertiet m FnESeRPLEant?29%n

bet ween two daey BOSBESEtsHBe HiTedlseal Hbeebse MBYyidtildO Wyl Beapengent
processi ng ofdzach sgeﬂe. Thggi n%%tipge generations 3; decongression and
reconpr essi GR%PE 6PN MReded o TTRE EHPt PRYTTS prdtidse "Ehe€CofPotTte of

t he speci al pefrffected Ohrcmeonke\leyd nignedl vesgésoor ndiependerit audileo dat a
streanms. In Vi r kgr.o h re In the other
vi deo strean1qﬁé fgggag%dﬁ%ﬁh%pggﬁ%%b%%ogggao?gd%ﬁ%%hq%%é%ﬁv?ﬁﬁ live
actors, has dsdddngi predobemi emtrestijloank Shall vartpwhakigeh ofs tyadeépril ue or

bl ack backgrund.arEhgfethepdl fi¥ndd %8l ThenihPegéPr SO O IiFRES AN € .
replaced with pixels fromthe background vi deo. Since the pixels are being

nm xed at a HGreXfeReFs| &V thehdrangdesmndegodinde e dHivtedLitA) t he rea
domai n. The &id/@rs Figrd J(4) L 2002 47 introduced by converting to integers
and clipping are highly undesirable for such digital studio applications.
These errors aren pducedsofoeindanifailadiby bffiptearsaféomny ddta poesest

i nvention. Another, applicatjon exanple for of .the present invention is
in the hi gh-sg}? g ?ggug?a hi YRRt CaMR, gﬁgu%%e%ﬁ‘bist%ﬂe iqfﬁ’éﬁ‘eg%vvith
soneti mes mMafiidaatield segapi Xelithi CrResyudd¥eshi $10HIH O @Fodndet he
| ar ge phot ographi ¢ trade show boot h backdrops are just two exanples of the
use of such HitWeFuaMEPYLdi e aranimyeted HP@B“HU%#?t%ﬁlﬁﬁéﬁﬁ JPEG
conpr essi on AR, UTRL kBEEnHEGEr & QRN iR dl B2BSM 85é OF ANG iHgOr age CcOoSts
down. As such images are deconpressed and reconpressed to all ow changes and
modi fi cat i onsttager datad@asfgnay g i ginred, c srpashihgedol ¥rY 0raddi ng or
changing te g, oppi ng, i isona rr I t hat
R e R O
exanpl es forof aligericepasdofonver piesdiet inbegetisoh4@r ks uxrforied | nage and
vi deo transf . . WM . r.n Sﬂﬂ%ﬂ;t % e of
JPEG and I\/Pé%f(.:eo%gﬁtzlses?e;‘ ﬁllﬁgggt%a a".ﬁil\ﬁ{gﬁaclf %E%si %Sggégre 0 blte% dr ?rll# ed,
mani pul at i onsestdhings ezrohangeust thaldater catphangeoonf thy iranimilatieony be
required. | nsgfldd idfieadn! AANBLALIBLALN o RAQLARE oEO) OF SPace fol | oued by
reconpressi on w allow the print-ready versions of the inage to be
stored. Use of the RCsgRkal BHER!EREOUS GRMGSLAEREAD! AN dNNGEERRL 1N
propagating the errors fromthe roundi ng and_cli pping. Audio coded data
al so needs tTPHPHAIRP PESEESSHT xRN PSS poovEl  $8tnEhF IR dakér ged
\(/j\,i th ot her hawliddbndz;tea:.tireﬂy3fﬂozhll dmé%b&zllﬂrﬁa .ediEdeeaaﬂpDéPQﬁﬁﬁ_,ed:ygbfst he rﬁal
omain with r ed errors. . Simlar j ment at i.ons _ar erfor qr.. ot her
fndustrial | Shrs e Blacibl Aol FHE Mt B0 p R fahT ot S sl &g
enpl oyi ng a memmsformmesnd &hisniechedds amsfigruhadfiodat auckpregeirring «f
phenomenon vhiedd fieadlalct her5iRG el ! nddits ! T 4 9BLAOUBL N1 IRASS QUL thus
other representative applicafions wherein use of "the present_invention is
hi ghl y advantagedustiguress apdr fager e denanralityi SPPAYefTRdh Hrgfeld & be
provi ded as sicrRPPPed WE RandpGRaARUSE! Prradicihe Fahpaxaapts” udedrdgorbe
i npl emented as an article of manufacture conprising a conputer usable
medi um havi ng conput er readabl e program code neans enbodi ed therein for
causing a conputer to performthe nethods of the present invention. It is
noted that although the description of the invention is nmade for particul ar
arrangenents of steps, the intent and concept of the present invention are
suitabl e and applicable to other arrangenents. It will be clear to those
skilled in the art that other nodifications to the disclosed enbodi nents
can be effected without departing fromthe spirit and scope of the
i nvention.



0 3J UL 2002 49 CLAIM5 W claim 1. A nethod for digitally o In
transform data representing a phenonenon, the nethod conprisiELg QZﬁtdﬁHﬂbg
an inverse transformof said transformdata to the real domain formng
hi.gh- pr.eci si on nunbers; converting said high-precision nunbers to integers
and clipping the integers to an allowed range formng initial converted
data; subtracting said converted data fromsaid - high-precision nunbers
form ng high-precision differences; forward transformng said initial
converted data form ng transformed converted data: forward transform ng
said high-precision differences - - formng transforned differences and
adding said transforned differences to"said transformed converted data
formi ng cor reyt ef thenpfoceassesialescribed meyhon pracleicie edmen febmi m 1,

wher ei n theI&ﬁ¥p§5§ntgnéai§?§€r¥@hgx;ransforn1for forward transform ng said

initial converte _ata I's erent_fronysaid inverse ;ransforn1 3. A
met hod as recitedt RsChatfhlihdhelRi Rhedi dabh 0hr & £GhaiPh1AwABar grar e

floating Fxﬂgg b%ugggggéodeg gthAé-éi;ay%%rm domain. It is desirable
that the process of decoding and re-encoding, when no
manipulation is performed on the real-domain data, should be
lossless. That is, the data, when the forward transform
operation uses the same transform type operation as the
inverse transform type of transform operation, should result
in exactly the same transform-domain data as was present
initially. However, errors are introduced by the converting
to integers and clipping to the allowed range as is
illustrated in Figure 4. Figure 4 shows the integer data
150 used as input to the forward transform device 410, which
accepts integer-valued data as input. The resulting
transform data ‘Al’ 420 are different from the original
transform data ‘A’ 110 which were the input to the inverse
transform. This is because the conversion to integers and
the clipping process 140 have introduced errors into the
process. The problem caused by the changes in data after
each iteration, or “generation”, of this process is herein

called the “multi-generation problem”.

The multi-generation problem is also illustrated for
transform-coded data in Figure 5. Here the new
transform-domain data 420 are quantized 510 to produce new
transform-coded data ‘Bl’ 520. It is important to realize
that the quantized data can only change if the errors

produced are larger than half a quantization step:



50 4. Anethod as recited in claim1, wherein said high-preci Blg)njb)j_n‘@[]?
are fixed precision nunbers including a fractional part. 5. A netho

recited in claiml1, further conprising performng an inverse quantization
of trapsformcoded ' data formng the transformdata. 6. A nethod as
recited in claim5, further conprising performng a quantization of said
corrected transforned data form ng quantized data. 7. A nethod as recited
in claim®6, further conprising: entropy decoding coded data form ng the
transform coded data: and entropy encodi ng the quantized data form ng
encoded data. 8. A nethod as recited i piclaim®6, wherein said inverse
quanti zati on step and said quanti zation step use at |least one difference

quanti zation val ue. ° hog)é@é}p) gi il |4 <p0(5@eSSI ng transfor3p data
representi ng a phenorrenon e nmeth conprisin perform ng an inverse
transfor m othexe tlrsaﬁslﬁo?ﬁif%t%rctqjl‘%% ine&higo ?ﬂs?%'fl?n‘??@ Grepreci si on

numper s; gﬂfétié‘%{ L NleGRRPLECERL Of) I‘é’@ﬂéﬁ&f a ﬁhﬁ@?gfga&ﬁ £hd pPing

t he integer an al I owed range formng Tniti converte
subtracti ngqsan'dlzantmralvad@uwesuaded’ahayfmzmn Seietr prghHupedchsi on nunbers

form ng hi ga-e%g,g{f;mﬂffer ucgﬁatlolq &2y, Uilm%o% 3L paghRuiddng said

initial conve data to pro an effect and formng processed converted
data; forwaté t:@ahs%rﬁrhq@rmra protRakethen ks tod fdat ant by iyl

t ransf or mredygenvens e@rﬁ&t@,axfeo%wlﬁiciéﬁﬂ&fz Ofrid Mg S¥ed nBivgh- preci si on

differences §3£2¥99m3 J‘QQ@%dWQ nggeggggtlyrgke same as the
original transform-coded data. The maximum possible error
introduced by the conversion to integers by rounding is half

the error introduced by truncating during the conversion.

Figure 6 shows a case wherein image manipulation is
performed on the data and the resulting modified data are
then re-transformed back to the transform domain. The
integer data 150 are manipulated as was shown in Figure 3 to
produce new integer—-valued data 610. These new
integer-valued data 610 are used as the input to the forward
transform 410 to produce new transform data ‘A2’ 620. The
fact that the process described above without any
manipulation produces changes in the transform data 110
shows that when manipulation is performed there are
undesired changes in the transform data 110 in addition to

those which result from the desired manipulation.

An example of a method which embodies the process shown
in Figure 6, is shown in Figure 7(a). The method 700
illustrated performs real-domain manipulation on coded data
such as JPEG-coded image data. The coded data ‘C’ 710 are
entropy decoded 720, which is defined for JPEG-coded data in
the JPEG standard. The entropy decode step 720 decompresses



addi ng sai

data form
conpri si ng

as recited
data. 14.

d transfornmed differences to said transfornmed convefjted t
formng corrected transforned data. 10. A nethod as recited |Q$I‘£m 2002
further conprising performng an inverse quantization of transform coded
data to formthe transformdata. 11. A nethod as recited in claim 10,
further conprising performng a quantization of said corrected transforned
ng quantized data. 12. A nethod as recited in claim11, further
. entropy decodi ng coded data to formthe transform coded dat a;
and entropy encoding the quantized data form ng encoded data. 13. A nethod

inclaim9, wherein said effect is the color correction of

A nethod as recited in clai®i 12, wherein said coded data are

i mge

coded audi ocg@t@atalantd @hhedzad PEEidakdikiehtsM 12hevbeg@ink Salqd coded
data are coded inmage data. 16. A nethod as recited in claim 12, wherein

sai d coded SReEfiFieHsueFeyiia¥eraat quantipesl 739 andyg3sged 150 tYGpt hod as

recited in ghgémdSraMieion) #fienCofethimGa tdal dsakBei N @ JPEG still
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rnational standard format. 18. A nethod as recited in claim16,
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further co
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rrgrisi ng alternating a desired nunber of tinmes said step of
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SQi £ e pldioss sepnger (8rdi Hy 22X ar W& BXPHEASf orm  per f or i ng

a quanti zat i gReg&PI¥ LR L NHRAYNAa t § N5 HPY A8ROEH1NGweBCLEAGAI NG an inverse
guanti zation, and perform ng an inverse transform 20. A nrethod as recited

in claim19, whefgiix spd hee@d@drYatd show the data before

manipulation, for example when the image manipulation is an
interactive process, the image can optionally be sent to a
display device 758. The image is then manipulated 762 to
produce some desired change. If the result of the
manipulation is non-integer data then the image data may be
converted to integers and clipped to the range e.g. [0,255]
768. In this way the image data 772 may again be displayed
758. The new real-domain image data 772 are passed to the
forward DCT 776 and the resulting DCT coefficients are
quantized 780 to produce new quantized DCT coefficients 784.
These coefficients 784 are then entropy encoded 788 to
produce new coded data ‘Cl’ 792 which are different from the
original coded data ‘C’ 710. Now the new coded data ‘Cl’
792 incorporates not only the desired changes made to the
image by the image manipulation 762, but also the errors
resulting from the converting and clipping stages 750 and

768. It would be advantageous to eliminate or reduce these

errors.

An example of a system which embodies the process shown
in Figure 6, is shown in Figure 7(b). The system 705

performs real-domain manipulation on coded data. The coded



are conpressed data, and each step of alternating inplenents aﬂ3 JULQZUUZ
conpr essi on/ deconpression cycle. 21. A nethod for digitally processin

transformdata . - representing a phenonenon, the nethod conprising:
perform ng an inverse transformof said transformdata to the real domain
form ng hi gh-precision nunbers: converting said high-precision nunbers to
integers and clipping the integers to an allowed range formng initial
converted data subtracting said initial converted data from said

hi gh- preci sion nunbers formng initial high-precision differences;

mani pul ating said initial converted datg to produce a first effect form ng
processed converted data; 03~ UL 2002 53 forward transform ng said
processed colpfart'€d dabaarerinmiy thoandroentyoryrirgadey d2ba; Whashpi$ati ng

sai d initialqdyigRapieae 5hpE. cUddPIRRGES ! enBr ophE S nRpgond ghbect and
form ng processed high-precision differences; forward transformng said
processed higptnepgchscodedi 12%rdenampriessesnhe rdaisd dimted afiaptaeedcBST and

addi ng said f di . ai C t a
form ng cor réeJct eg C?Eagﬁgf or?rlfég %ai a. ttél%.e%lAE?rg%ﬁo %rg{égzagriet g?il\f)?l% glgaig?n&ﬂ,
wher ei n sai dirfvarste gbpatizes THe ad G ReyrHErpgRsRedita wWhedanyessees. .23. A

met hod as rﬁ\%atr%%oirﬂxe?s', a4, iNEl& Skl $scond 8id-RGndn3ibhga1MBLkgi ng of
two initial high-precision differences according to the chronma-keying
mergi ng of tiMpyeFsralP§&rgr 745. The resulting real-valued image data
are rounded to integers and clipped 755 (e.g. to the range
[0,255]) to produce integer-valued image data 759 in the

allowed range.

If it is necessary to show the data before
manipulation, for example when the image manipulation is an
interactive process, the image can optionally be sent to a
display 763. The image is operated on by a manipulator 767
to produce some desired change. If the result of the
manipulation is non-integer data then the image data may be
passed to another integer converter and clipper 773. 1In
this way the image data 777 may again be displayed 763. The
new real-domain image data 777 are passed to the forward
DCT-er 781 and the resulting DCT coefficients are input to
the quantizer 785 to produce new quantized DCT coefficients
789. These coefficients 789 are then input to the entropy
encoder 793 to produce new coded data ‘Cl’ 797 which are
different from the original coded data ‘C’ 715. Now the new
coded data 'Cl’ 797 incorporates not only the desired
changes made to the image by the image manipulator 767, but
also the errors resulting from the integer converter and

clippers 755 and 773.



24. A nethod as recited in claim?2l, wherein said first = - effect is the
color correction of image data. 25. A nethod as recited in clRi ,
wherein said first effect is a 90 degree rotation of the maggaa?ﬁgylazguz
second effect is a 90 degree rotation of said high-precision differences.
26. A nethod as recited in claim21, wherein said high-precision nunbers
are floating point nunbers. 27. A nmethod as recited in claim2l, further
conprising perform ng an inverse quantization of transformcoded data to
formthe transform data. 0 3J UL 2002 54 28. A nethod as recited in
claim 27, further conprising performng a quantization of said corrected
transforned data form ng quanti zed data.?®9. A method as recited in claim

28, further conpgi®ings @)t 58BYsderQdipi: dehidataniRah@em the
transform coded data; and entrogy encodlng}the quantized data form ng

encoded dat guanbizatinn medrax PRRi fer §4P A huponapherlieckai FiBHEd data
are in a JPEG,ftiiled raLRe JpBECLRANP PO SIARRAE HARARE zaBlon AdBiibod as

recited in claim?29, wherein said coded video data are in a MPEG noti on

vi deo i nt er BAdi 6ol 8% AFachreinance Iplogksyet e s¥atéested in clai m 21,

wherei n t heqgracesseth D@ 651 #1904 4 {£r 8nca% .ar enkdsnhitase to the
initial high-precision differences: ]
quantization value in Figure 8(b) is 17.

Since the maximum possible error from rounding is 0.5
for each of 64 samples, the largest error in the unquantized
forward transform coefficients from conversion to integers
by rounding is 4 (shown in Figure 8(c})). For the
quantization matrices shown in Figures 8(a) and 8(b) this
size error is less than half of all of the values and will
disappear during quantization. However, for high gquantity
applications such as high end printing or digital studio
editing, the quantization matrix values are much smaller.
In some cases, the DC (upper left corner) term is as small
as 1 to preserve maximum quality. Then the rounding errors

are significant.

The maximum possible error from truncating is just
under 1 for each sample. This almost doubles the error in
the unquantized forward transform coefficients. For the
quantization matrix in Figure 8(a) eight quantization values
are small enough for this error to potentially change the
transform-coded data.

A numerical example showing the multi-generation
problem is given in Figure 8(c). In this example the
transform used is the 8x8 DCT as used in the JPEG still
image compression standard. A set of transform-domain
coefficients 822, of which only one (the constant, or DC,

term) is non-zero, are operated on by the inverse transform

24



33. A nethod for digitally processing transformdata representing a
phenonmenon, the nethod conprising: performng an inverse transf TFK?UL??U%Z
transformdata to the real domain form ng high-precision nunber

converting said high-precision nunbers to integers and clipping t he
integers to an allowed range forming initial converted data subtracting
said initial converted data from said hi gh-precision nunbers form ng

hi gh- preci si on di fferences: 0 3J UL 2002 55 forward transform ng said

hi gh-precision differences formng initial transforned differences:
mani pul ating said initial converted data to produce a first effect formng
processed converted data; forward tra#sform ng said processed converted

data form ngd paealeenBl sDsWerdeddat-aondBii gatatdng saind thikt bake
transforned differences to produce a second effect fornlng processed

t ransf or ned die da@tencessishde bk §1agsdwpiek edsefty ed1dPfPer ences
to said trangfter mhdtcenyestes daia fshiFingrcors eedred wiansheamdsdata. 34.

A nmethod as recited._i,n cl rein id hi on. nunbers are
)l cating poMferanpyiee sBhe e biade PaER afi o BiddnEss R L ter
conpri si ng PRt Rdtafet HVEISL WHIVM iaathos €4sd mankotkaeodgeh_ ; data
to formthe transformdata. 36. A nethod as recited in claim35, further

conpri si ng PEFST #iSngOHPHEANER 2t ilor - -of T8 BOERFR tRARSioARs fi6r KBENdat a

form ng quanidmeddabaprdducéd n@8F RAmForAChbrElin Nodd @dimidht sf rBher

conprising: entrop decodlng coded data to formthe transformcoded data:

and It can e seen that the resulting new transform coefficients
828 are significantly different from the initial transform

coefficients 822. This is a highly undesirable result.

This example also applies to transform-coded data if
the DC quantization value is set to 1, 2, or 4. Then the
transform coefficients 822 would be produced from
transform-coded values of 4, 2, or 1 respectively. The
quantization of the new transform coefficients 828 would
change the resulting DC quantization values to 2, 4, or 8

respectively.

Another numerical example showing the multi-generation
problem is given in Figure 8(d). Again the transform used
is the 8x8 DCT as used in the JPEG still image compression
standard. A set of transform-domain coefficients 832, of
which only one (the constant, or DC, term) is non-zero, are
operated on by the inverse transform to produce a block of
real-domain data 834. 1In this case the data consist of 64
values which are all equal to 128.875. Note that the JPEG
level shift of 128 for 8 bit data has been applied. The

real-domain data are truncated to the nearest integers 836,

which in this case means that each value is reduced to 128.

The forward transform is then applied to produce new



entropy encoding the quantized data form ng encoded data.
56 38. A nethod as recited in claim37, wherein said coded VIJﬁg Hggt Zﬁdf

in a MPEG notion video international standard format. 39. A method as
recited in claim36, wherein the step of manipul ating said transforned

di fferences includes: perform ng a quantization of said transforned
differences form ng quanti zed differences; perform ng an inverse

guanti zati on of said quantized differences form ng dequantized differences;
and mani pul ating said dequantized differences to produce a second effect to
form processed transforned differences. 40. A nethod as recited in claim
39, further conprising the step of entrzpy encodi ng the quantized

differ encestmﬂérf&gnram%dceefftﬁéf@ﬁ@s% 83l AtMehbRoHease&RCERAd tive cl aim
40, further conprising the step of entropy decoding the encoded

di ff er encesresy ‘?#ﬁmgletvhérqnaﬁprmeﬁoﬁfﬂ@r@f@e§3342reAsmh@eP%fstlr§éc| ted in
clai m 39, “@ff?épeﬁ@effo%eQ B?ERQ{ anaqn% %‘i’f'&%‘eﬁ&k?@ godgipe shap of

perform ng an 1 nverse quan ionuse a anmount quanti zation

val ues mhlchsequmighly(nnaehakﬁbaeseesmﬁtannunt of quantization val ues used
in the step of perform ng a quantization of said corrected transforned
data. 43. A nethod as recited in claim36, wherein the step of manipul ating
said transfornmed differences further conprises: 0 3J UL 200z 57
_mani pul ating sai BeYihsiemonsFratereEbAceRr ek Faowedeby real-domain

rounding or truncating when converting to integers, we now
show how real-domain clipping can cause errors. Figure 8(e)
shows an example of real-domain clipping 850. This example
uses the one-dimensional DCT to illustrate the problem.
Figure 8(d) shows a bar chart 854 displaying one block of
data consisting of eight samples. The data displayed has
only two frequency components: a constant, or DC, component
which is indicated by the dotted line; and an alternating,
or AC, component which gives an alternating wave pattern
symmetrical about the dotted line. The magnitudes of these
components, namely the respective DCT coefficients, are
high-precision values. When quantization is performed,
these DCT coefficients are rounded to the nearest
quantization level. The data after transform-domain
quantization are shown in the bar chart 858. 1In the example
shown, the DC coefficient has a small quantization value and
so quantization does not change the DC level significantly.
The AC coefficient shown has a large quantization value and
so is changed significantly by quantization. This example
shows the AC component almost doubling in magnitude due to
quantization. These quantization values reflect, for
example, those used when compressing chrominance image data.
Thus the data represented after quantization have parts

which have negative values. This shows how transform-domain



second effect and form ng mani pul ated transfornmed differences;nper ) a
quanti zation of the manipul ated transforned differences forniAquh&iL?ZQﬂz-
di fferences; and perform ng an inverse quantization of said quantized
differences form ng processed transfornmed differences. 44. A nethod as
recited in claim43, further conprising the step of entropy encoding the
quanti zed differences form ng encoded differences. 45. A nethod as recited
in claim44, further conprising the step of entropy decodi ng the encoded
differences reform ng the quantized differences, 46. A method as recited in
claim43, wherein the step of performng, a quantization of the manipul ated
transforned differences and the step of "perform ng an inverse quantization
of said quagataewhilkH,f erfdeeesnusesbat farmfamimgt, gfivquaeslzdédmain val ues as

used in the . rfarn.ng [ zati f .sahd r t sf or med
data, a7, AnSRfRLTE ELIY BalOnd BPARCEERED G Re el ESREh (A O TR
sai d transfwhied d¢ fricy aendsihunetdericonmaliusss: nani pul ating said

transformed differences to produce a second effect and form ng nmanipul ated
transformed diffRrenceast 862 3howy the 2dwa Fgosewckdr frag Bhafuakn i zation of
the mani pul aped t5ensf Arapd dif hepghges [ArmMNg uanLl aeda gl 1 srances;
perform ng an inverse quantization of Sala quantized differences Torm ng
dequant i zedodi £her ek siatantiamenbpehathanpeshitd dequahiszedsdl {4 errences to

“produce a tRiLdpefEects ANAFOLE PUePEESSARL dIARS AhEeH AL f RLATSaS,

error being introduced. Because the quantization value for
the DC coefficient is generally small, the error is large
enough to cause a change in the quantized data as given in
Equation (3).

To further illustrate the possibility of error
introduced by real-domain clipping, a numerical example 870
is shown in Figures 8(f) and 8(g). This example employs the
system illustrated in Figure 5. This example uses the
two-dimensional 8x8 DCT as used for transform coding of
images to illustrate the problem described above. The
initial quantized DCT coefficients are shown in matrix 874.
All but two of the coefficients are 0; the two non-zero
coefficients are the DC coefficient and one high-frequency
coefficient. The coefficients, after dequantizing using the
guantization matrix shown in Figure 8(a), are shown in
matrix 878. When the inverse DCT is performed on these
transform data and the level shift of 128 added, real data
are produced as shown in matrix 882. The data shown in
matrix 882 have already been rounded to integers but have
not been clipped to an allowed range. It can be seen that
these real data include several negative values. After

clipping, the real data 882 produce clipped real data as



48. A nethod as recited in claim97, further conprising the st Oi”iﬁtéﬁﬁ?
encodi ng the quantized differences form ng encoded differences.

nmet hod as recited in claima48, further conprising the step of entropy
decodi hg the encoded differences reformng the quantized differences. 50. A
method as recited in claim47, wherein the step of performng a

quanti zati on of the nanlpulated transforned differences and the step of
perform ng an inverse quantization of the quanti zed differences use half an
amount of quantization values of as is used in the step of performng a
quantization of the corrected transforned data. 51. A systemfor digitally
processing transform data representingZ% phenonenon, the system conpri sing:

an inverse IfARsTif makriQ BBE! Or &L MRS S¢ et LABRELEM Olo Se’ci;zd dricapgf orm
data to the real domain using high-precision nunbers; 03 UL 2002 59 a

converter tehatorRaah negagineghebvediat dieanumselaced Plﬁt%ger“?leand a clipper

to clip therdRtR4eTRET @saRnah! S¥EHH dNge dher rﬂeam bohdirl apanvwey tadedata; a
subtractor to subtract said _initial converte data from sai d hi gh-precision

nunbers f or ARG MY tEEPSEoRM 0t Fa & es T ta opBr Rar 88 ER ard orths Ny

forward tr aﬂﬁix@éf&&(ﬂlditlanhﬁ:bah?ﬂﬂfﬂférﬁﬂ}di\iﬁfﬁﬂéﬁtngr&rﬁatfﬁé Bred eenverted
data; a formard transforner to forward transform said hi gh-precision

.di ffer encestFRFHHMP dodrs BB medVRIFR f BPBHASR L 1QRY 18nPERERIMED Yiid'% ai d

 transfor Wdtﬁéfélﬂrﬁlcz%&lbﬁ fpakdikr anshoriredricRreestad, dagw f orm ng
corrected transforned dat
transform-coded data 894 are produced. The resulting

changes in the transform data are large enough to produce
changes in the transform-coded data after quantization.

This is a highly undesirable result.

In many situations, the process of decoding,
manipulation and re-encoding of data needs to be done
multiple times. In these situations each iteration of this
process is referred to as a “generation”. The errors
described above, caused by converting to integers and
clipping to an allowed range in the real domain, accumulate
as multiple iterations are performed and may result in

e significant degradation of the data. It is realized that the
foregoing are only representative examples of errors
introduced by rounding (or truncating) and/or clipping.
Other examples having more or less error developed are
possible.

The problem is usually even worse following multiple
generations of decoding and re—-encoding as shown in Figure
9. Initial transform-coded data ‘DO’ 910 is dequantized and
inverse transformed 920, converted to integers and clipped
to an allowed range 930 to preoduce integer-valued
real-domain data 940. The real-domain data 940 are passed

to the forward transform and quantized 950 to give new



52. A systemas recited in claim51, wherein a first transformtype used in
the forward transfornmer to forward transformsaid initial con{hrgeﬁjﬁaﬂaﬂﬂs
different froma second transformtype used in the inverse transforner. 53.
A systemas recited in claim51, further conprising an inverse quantizer
fox performan inverse quantization of transformcoded data to formthe
transformdata. 59. A systemas recited in claim53, further conprising a
guanti zer to performa quantization of said corrected transforned data
form ng quantized data. 55. A systemas recited in claimb54, wherein said

i nverse quantizer and said quantizer use at |east one different

quanti zati on val ue. 03J UL 2002 60%6. A systemfor digitally

processi ng ttearsfiorm-catiedr dptesyiit’i 9$0a pRbhenehehe prmcessstiem conpri sing:
an inverse t{ANSKOITRL L0,PeL {01 Al d NRLse bRanLat of,sqid transform
data to the Teal® domain usi ng hi'gh-precision nunbers; ‘a converter to
convert sai ditemftipmacitbeofiinahberandfmrnmicededsdana &l i9¥®eristo clip the
integers to a | | owed _ran form ng ini.tial copyvert t a; ubt ract or
to subtract %g?cﬁ"élerﬁ/ytei 8 c%%%\e/e? ed aljtsal%'r Sﬁfga%eéi g e-gfien%ls?ig%anunbers
form ng hi ghi’'ecdd™ ovaydbéf eeenodst fexr emanifpomatbe ¢oigrimlpuladtae sai d
initial converted data to produce an effect and form ng processed converted
data; a forward tA aesikoshewing fhe ywarablemasdftoificantl preuesssed dorvert ed
‘data form ng,d ranstitedenQPYLI 568 diAtRa1abak A fahi AREIQIdIE £ O forvard

transformsard _ _ _ .
transform-coded data is shown in Figure 10. In addition to

the steps shown in Figure 9, some form of manipulation 310
is performed on the real-domain data, followed by converting
to integers and clipping 320. After the forward transform
and quantization, the resulting quantizZed transform
coefficients 1010 contain some error as in Figure 5. After
‘n’ generations, the final transform quantized coefficients

1020 may have quite large undesired errors.

DETAILED DESCRIPTION OF THE INVENTION

An example embodiment of a method for transform-domain
correction of real-domain errors in the processing of
transform data 1100 is illustrated in Figure 1ll(a).
Transform data ‘A’ 110 are passed through an inverse
transform 120 to produce high-precision real-domain data
130, as in Figure 1(a). The high-precision data 130 are
converted to integers and clipped 140 to produce integer
real-domain data (i.e. converted data) 150. In some cases,
the integer-valued data are optionally sent to an output

device 160. Integer data 150 undergo some form of



hi gh-precision differences formng transformed differences; and an adder to
add said transforned differences to said transforned convert équ@!{zgp2ng
corrected transfornmed data. 57. A systemas recited in claim

conprising an inverse quantizer to performan inverse quantization of
transform coded data to formthe transform data. 03J UL 2002 61 58. A
systemas recited in claim57, further conprising a quantizer to performa
guanti zation of said corrected transforned data form ng quanti zed data. 59.
A systemas recited in claimb58, further conprising an entropy decoder for
decodi ng coded data form ng the transform coded data. 60. A system as
recited in claim59, further conprising%&n entropy encoder for encoding the
quant i zed dmhaiﬁm&mtﬂglenmodedfdahas fidnipuapsitoem3fior ddegi hat | yrqiweessi ng

transformdata representin eno on tem.conprising: an inverse
t r ansf or ner Pg ff%‘r“?ﬁ% %ﬁ\?eF‘QElPP E‘F%r?ﬁr}cﬂuﬁ)s/;’i'; tlF‘agB?b?m data to the
real donai ncaﬁvagt&ng{b PIEgeir@N aRtBe sped IFVWVerter regutoingrt said

hi gh- preci sion nunbers to integers and a clipper, to clip the integers to an
al  owed randBte8ehi ffFa M9 é@ybBﬁvéF?éﬁddaE%ﬁn%F%ﬁﬂﬁpraéP8(°¥o subtract said

initial conss&&sﬂaﬁﬂ,asér(@rﬂosahdontgbtpa@ﬂéé orsmunh%s pkOEAL 58
hi gh- preci sion differences; a mani pul ator for ni pul atlng said initial

converted depavebted odatee 330 jaret léPﬂ‘éct‘—OfQ)rfﬁW draaséaredbngerterl dat a;
a forward trgPS&HK aé@gﬁ%% 5%P%5aa§£9rg;Sﬁhgnpagﬁﬁiégqugggverted data

form ng transtorned conv
transformed processed converted data 620 as output.

Because the stage of clipping and converting to
integers 140 is performed before the manipulation which
accepts integer input 150, the resulting errors cause the
data output from the manipulation after conversion to
integers 330 to contain at least small inaccuracies. The
inaccuracies can be corrected in the transform domain by
subtracting 1110 the converted data 150 from the
high-precision values 130, forming high-precision errors
1120. These errors 1120 are passed to a manipulator 1130
which accepts high-precision error data as input, to produce
new manipulated high-precision errors 1140. The manipulated
high-precision errors 1140 are used as input to the forward
transform 1150, which accepts real-valued data as input.
The resulting transform error data 1160 may be manipulated
again 1170 before the manipulated transformed errors 1174
are added 1180 to the transformed processed converted data

620 to produce transform data ‘A3’.

There is no requirement that any or all of the
manipulating steps 310, 1130, and 1170 be present. If none

are present, the transform data ‘A3’ 1190 are identical to



0 3J UL 2002 62 a mani pul ator for manipul ating said high-prgcjsi
differences to produce a second effect and form ng processed ﬁﬁthQEeQUQEOn

differences; a forward transformer to forward transform said processed

hi gh-precision differences formng transfornmed differences; and an adder to
add said transfornmed differences to said transformed converted data formng
corrected transforned data. 62. A systemas recited in claim®6l, further
conprising an inverse quantizer to performan inverse quantization of
transform coded data to formthe transformdata. 63. A systemas recited in
claim62, further conprising a quantizer to performa quantization of said
corrected transformed data form ng quantf¥ed data. 64. A systemfor

digitally pregesstingnhnanghas o cttda 2 PPesendi fiiah pheromroinpuetsyst em
conprising: an inverse transformer_to performan inverse transform of said

transfor m dat3e tivere e ERrNA6PER nt2Ri ngHiSgASprecPEP B MhiTdes fogwashvert er

to convert sgishd¥difriRigstapONateNR] 3150 aFeedRESigPerse e RRr to clip
the integers to an allowed range forming initial converted data; a
subtractor tHVRARS dERNSEPEMING t $EEP AN @nde 81866 at e oPF B THOFh- pr eci si on

nunbers for n Sehdiifi-dieeh $hengi {fENRNCYTesen® 3nlthd tra¥rm data
‘A3’ 1190. The forward transforms 410 and 1150 produce
different transform data ‘A3’ 1190 when a different forward
transform is used. This allows conversion between
transforms with correction in the transform domain of the

errors from rounding and clipping.

If the manipulation step 310 creates the merging of two
data sets, then either the manipulation step 1130 or the
manipulation step 1170 is used to create the merging of the
two error sets for embodiments in which the forward
transform operates on blocks and the merging occurs on a
block boundary. For forward transforms which operate on the
whole data as one block, the real-domain manipulation 1130
on the errors creates a single data sef for the forward

transform 1150.

In some embodiments of the present invention, the
adding step 1180 is implemented as an intelligent addition.
In an embodiment of intelligent addition, a threshold is
defined for tolerable error that does not impact future uses
for the transformed processed converted data. 1In this
embodiment, only errors of larger magnitude than the defined
threshold are added to the transformed processed converted
data. Alternate intelligent addition implementation rules
are also sometimes used. All special addition

implementations are herein referred to as adding



63 a first forward transforner to forward transformsaid hi gmgrc‘aﬂgﬁimoz
differences formng transforned differences: a first manipul rf

mani pul ating said initial converted data to produce a first effect form ng
processed converted data: a second forward transforner to forward transform
sai d processed converted data formng transfornmed converted data; a second
mani pul ator for mani pul ating said transforned differences to produce a
second effect form ng processed transformed differences; and an adder to
add said processed transforned differences to said transfornmed converted
data formng corrected transformed data. 65. A systemas recited in claim
64, further conprising a first invers® quantizer to perform an inverse
guant i zat i oimtélligarsflyr.in chdedfdat thé<e fembodimentsanshenevelmtan 66. A

system as regited j,n cl.ai t onprd si_n | tjzer to
perform a q%‘géri\%ﬁlgaéﬁ% n lgsf nglgzﬁa%%ér@%{%ﬁ"?ﬁgnéfogﬁgégﬁéﬁge(?g%]ﬁa{nrg gquanti zed
data. 67. Alsyslbigent rgdiitdédni empleyin®additmgr antiethégemwlpul at or for

mani pul ating said transforned differences further conprises: a second
quanti zer for pefhorahaws argadinents i veofthmiagvapsageokhell e ferences

form ng quagthdeeishdyf ef8NeRIating Bilde U drcdd2i64)arsecondaivyer se

quanti zer far perform ng an .inverSe quanti zatjon of sajd quant]zed

di fferencesfPﬁgﬁ‘ﬁgt’iPéh%eﬂml?GdaH?f‘f"éﬁi’eﬂb‘é@edan&'h& Pﬁﬁ*’apﬂﬁﬁ’rﬁﬁ%t or to
mani pul at e sardrsegprdidezadddbbferenties dmanipuidiudenasseppnaneffieat f orm ng
processed tr f.or differen . . syste recit | im67,
further conﬁ??é?g%g%g ST g%l% ggggag&@ alelfloccoe |s%§ Fﬁg’aqggg%?zg‘

di f f er encestitadithonazhquaedsdiihfijenpdcéerwdydl txansfoeming.recited in claim
68, further conprising an entropy decoder for decoding the encoded

di fferences ref oFf ngPRchdapipvlpEaand; f tleg stpidiulpdion epstheh as recited in

claim 67, wWAegHRLPré&bHEs SGE NG radantibzel s apsst hekesofRad ihN¥RESLeglUANt | ZET

each use hahgmggn?”EgPtoégeé“ﬁgﬁﬁgﬁﬁgLQQng?Jéﬁ? égggg%o%%egokgiﬁhfs the
preferred place to manipulate the differences. For example,
in an embodiment wherein the manipulating step 310 performs
a 90 degree rotation on the converted data, then the
high-precision differences also are rotated by 90 degrees.
If the manipulating step 310 merges two data sets, such as
in the chroma-keying method, then the high-precision
differences are merged to correspond to the manipulated
converted data. For some manipulations such as color
correction of the converted data, the corresponding
difference data may be cleared or zeroed since the

differences no longer correspond to the changed converted
data.

An example embodiment of a system for transform-domain
correction of real-domain errors in the processing of
transform data 1105 in accordance with the present invention
is illustrated in Figure 1l1l(b). Transform data ‘A’ 115 are
passed through an inverse transformer 125 to produce

high-precision real-domain data 135, as in Figure 1(b). The



first quantizer. 71. A systemas recited in claim®66, wherein e 0,
mani pul ator includes: a difference mani pul ator to mani pul ate ngdJiTE fﬁbZ
transforned di fferences to produce a second effect form ng mani pul at ed
transforned differences; a difference quantizer for performng a

guanti zation of said mani pul ated transforned differences form ng quantized
differences; and a difference inverse quantizer for perform ng an inverse
guanti zation of said quantized differences form ng the processed
transforned differences. 0 3 ~uL ZoozZ 65 72. A systemas recited in claim
71, further conprising an entropy encoqff for encoding the quantized
differences form ng encoded differences.” 73. A systemas recited in claim
72, further iodmgeirsicogvantentamp\cldepedtel4boopeesioss g tthe encoded

di fferences reformng the quantj differences. 74. A system.as recited in
Cl ot m 71, U R eBlsh AP T ¢ PRCRHRBS Sredts iSal-BoRARRpdPE o to
mani pul at e sy daguasihkzedsés f fialenereqed-PaDEed edatd hired optfieaslapd
form ng the processed transforned differences. 75. An article o

f
manuf act ur e $BHpti%s PRy CHLEBhpiR ErC UL e B DRt HRIV AP dtgdt ePeFabembl e
program code,draafs reahodbadih hesfidr dedr adidi 1861 Yo CaEsiiRgeleangbes m dat a
representing a phenonenon, the conputer readabl e program code neans in said
article of rshdmRttur8dcBAPRTIGI MY Cdhsdt éRtrEaHaPt e RodiatPsgeistans for

causing a coigxy argio a8f baeput PerfisTinaeipl1hBYer 5879 tsoeh® ehesai d
transformdata to the real donmain form ng high-precision nunbers;
converting SEARE MIGFEFPEBIsPBNtRfIMARTES aSo thRt BRRIRULA M i9FpiRGeIRES

integers to $Hp alds@aBetaRBové oI Midnird Bi.al TRENYLs ¢Sk dnldnverted
data 1191 are input to a forward transformer 1195 which
accepts integer data as input and produces transformed
processed converted data 1199 as output. Because the stage
of clipping and converting to integers 145 is performed
before the manipulation which accepts integer input 155, the
resulting errors generally cause the data output from the
manipulation after conversion to integers 1191 to contain at
least small inaccuracies. The inaccuracies can be corrected
in the transform domain by subtracting 1115 the converted
data 155 from the high-precision wvalues 135, forming
high-precision errors 1125. These errors 1125 are passed to
a manipulator 1135 which accepts high-precision error data
as input, to produce new manipulated high-precision errors
1145. The high-precision errors 1145 are used as input to
the forward transform 1155, which accepts real-valued data
as input. The resulting transform error data 1159 may be
passed through another manipulator 1163 before the
manipulated transformed errors 1167 are input to an adder

1171 along with the transformed processed converted data



subtracting said initial converted data from said high-precisiaon_nunbers
form ng high-precision differences; forward transform ng said ﬂh@t' L 2002
converted data form ng transformed converted dat a; 0 3J UL 200z 66
forward transform ng said high-precision differences formng transforned
di fferences; and adding said transfornmed differences to said transforned
converted data form ng corrected transforned data. 76. An article of

manuf acture as recited in claim?75, the conputer readabl e program code
means in said article of manufacture further conprising conputer readable
program code nmeans for causing a conputer to effect performng an inverse
quanti zation of transformcoded data to 34rmthe transformdata. 77. An
article of 1moauf adts euaputectt eide iadddmii® EGantlfiermodmiiar doeadettled
program code neans in said article of manufacture further conprising
conput er r eXRAHOTH 88tam BddelttAns for causing a conputer to effect
perform ng a quantization of said corrected transfgined data form ng

quanti zed data. TPETeAdSaPPj EPGUBF Ui UPEYaS r 8L+t RH YHP claim 77, the -

conput er r eRgheiih el dHAG aTTePde18BANSnd NLIED Geabliesbat Of TRMEMCtaHe furt her
conprising conputer readabl e program code nmeans for, K causjng a conputer to

ef fect: entPEPsEMecddiendreReestete it 3 olti/Rg 2 ReleRttdy kit dd8d dat a;

and entropyo £1¢0eH NG o feANbheed Alat e g aiiichg weneotrd Oatde 9.t
conput er program product conprising a conputer usabl e medi um hayvi ng
conput er r ehAEDF ¥ progsLarsod@Sreafienbbdie ProNefefnther oLl | y

processing {fansfommdaha osnhie1 188 o AOMBId ikRR-88eBE! B 3 MhGNUTENON, the
conput er readabl e progran1coge means in salid conputer
transformer 125 and since the errors from rounding and

clipping are not present in the transform data ‘A3’ 1175.
The forward transforms 1195 and 1155 produce different
transform data ;A3’ 1175 when a different forward transform
is used. This allows conversion between transforms with
correction in the transform domain of the errors from

rounding and clipping.

In some embodiments of the present invention, the adder
1171 is implemented as an intelligent adder. 1In an
embodiment of the intelligent adder, a threshold is defined
for tolerable error that does not impact future uses for the
transformed processed converted data. In this adder
embodiment, only errors of larger magnitude than the defined
threshold are added to the transformed processed converted
data. Alternate intelligent adder implementation rules are
also sometimes used. All special adder implementations are
herein referred to being performed by intelligent adders.
Thus for these embodiments, whenever an adder is used

herein, it is implemented as an intelligent adder.

Figure 12(a) shows a method for transform-domain

correction of real-domain errors in the processing of



0 3 J UL 2002 program product conprising conputer readable program code
means for causing a conputer to effect: performng an inverse ﬂ'gndiﬂ_[rﬁ[]ﬂz
said transformdata to the real domain form ng high-precision nunbers;
converting said high-precision nunbers to integers and clipping the
integers to an allowed range formng initial converted data; subtracting
said initial converted data from said hi gh-precision nunbers form ng

hi gh- preci sion di fferences; manipulating said initial converted data to
produce an effect and form ng processed converted data; forward
transform ng said processed converted data form ng transforned converted
data: forward transforming said high-3% ecision differences forning

t r ansf or med tdahsépenceadediih taddirAg - sBhis tmetiwid e dodinptddP¥nces to said

t ransf or ned d t [qm C t.r ansft or a. . A
conput er pr Sg‘g%ﬁ%éggﬁlg? ng%éh%é?il?gg ?%ng%k?% 731 r%taﬁgrgg?nl)gfg}e'r r%gdabl e

pr ogr am codéhisapsbodisentd, ddrpiirans oo+ @rdgut athdat ‘Bir 2h@racenpri si ng
perform ng an_inverse quantizgtion of transform coded a formng the

t ransf or m ddfySr&%. q'ﬂ\a’gtb’rﬁﬁf{ °p$8g$8ﬁ?‘p?5ﬁlsc{°réf§ q,ag i tdlghl‘%s ct™i m 80, the
conput er readghlre pIQgy athe athvieRaaa HAtSaLsh P e maplipglate@raphict
further conpri. si ng ggrforn‘i n% a %uanti zation of said corrected transforned
dat a form ngSqEntF284tRRAL 1NYGISEIPELEERRY: 6P TP APHPEGT SRSt F%ge
devi ce readan®echycdbgiitaclsa ait@ Bupteaboey i Aihbr YheOGigh-pletNsSidnict i ons
execut abl e by the nachine to perform nethod steps for digitally processing

transform dé‘PzEPPEpF'agefﬁ?‘hgu%fpﬁﬁ’é’ﬁ(SﬁﬁnBﬁ?n§%‘?la“ PN d® $PEWs conpri si ng:

high-precision differences 1120. The high-precision
differences 1120 are passed to a manipulation step 1130
which accepts high-precision difference data as input, to
produce new manipulated high-precision differences 1140.

The manipulated high-precision differences 1140 are input to
a forward transform step 1150 which accepts high-precision
numbers as input. The transformed high-precision differences
1160 are quantized 1210 to produce transform-coded error
data 1220. The transform-coded error data 1220 are likely
to have many zeros because the high-precision difference
data are small values (0.5 or less for rounding and less
than 1.0 for truncating) except where clipping has occurred
in the converted data. The transform-coded error data are
inverse quantized 1230 to form dequantized transform error
data 1240. The dequantized transform error data 1240 may be
manipulated 1170 to form manipulated dequantized transform
error data 1250. The processed converted transformed data
620 output from the forward transform 410 that took integer
input are added 1180 to the manipulated dequantized

transform error data 1250. The transform-domain corrected



performing an inverse transformof said transformdata to th¢ §edJldop@id
formng initial high-precision nunbers ; converting said initial

hi gh- preci sion nunbers to integers and clipping the integers to an all owed
range forming initial converted data; subtracting said initial converted
data fromsaid initial high-precision nunbers formning high-precision
differences; manipulating said initial converted data to produce a first
effect form ng processed converted data; forward transform ng said
processed converted data ' form ng transfornmed converted data; manipul ating
said initial high-precision differences to produce a second effect and
form ng processed high-precision differegces; forward transformng said

processed. higheRLeehst oyl {dPences AL 80:d A Wrtedudntiscaneeny and

addi ng said transftorne erences to said transformed converted data
form ng cor tectfedmt taass$ Hrrmedadleda dags. ‘B2 hr2f®m st or age devi ce readabl e
by machi ne, tangi bly enbodyi ng a program of instructions executable by the
machi ne to perfoPrpaeding wapsheodegigetdabyytem OingplEmgnitazdon, 68he

processi ng tfro%?%rﬁkgﬁ‘éﬁofn?% FMGIGRG 2186 C00NENY maSAleth: gf‘rék]hgd steps

conprising; péerrormng an 1nverse transformof sard trans ata to the
real domai ndidfeirrgthiyhnpieot dilem thattensed comvigre iimyyegsied thhghLprrci si on

e Lo R tRC RO Wt LRSSy Ll N 005l 1
hi gh- pr eci siuse thebényefoe nb¢Ry tragisforaciwbedeaasli therfamragd toanafdrms
tdir ?}[‘Z‘; g[}?ég%%gini‘lnﬂi Q?o %&giééaé’.”crfg Tﬂo%ﬁ:%@ffeﬁr%f?%f%{}ﬂ t rm%%Sfr‘égGE@ing :
: pul ating Sard initial converte ata to produce a’first
ef fect and fuamsfgrproodededitcon\B’t d@80abhae fdemiiahl rtandher pirmgisal d
processed C%ﬁ%%&%%%mgggged data ‘B’ 210 which were the input to the
inverse qﬁantize step 220 if: the forward transform
operation 1150 is the inverse of the inverse transform
operation 120; the forward transform operation 410 is the
inverse of the inverse transform operation 120; the
quantization values used in the inverse quantization step
220 and the quantization step 1270 are identical; and the
manipulations 310, 1130 and 1170 do nothing. It is noted
that the forward transform 410 will produce different
transform-coded data ‘B2’ 1280 when a different forward
transform is used. Similarly, use of different quantization
values in the inverse quantization 220 and quantization 1270
also produces different transform-coded data 1280. This
method thus allows conversion between transforms and
quantization matrices without the errors from rounding and
clipping being present in the input 1260 to the quantization

1270.

It is noted that the conversion between quantization
matrices may be for coarser or finer quantizations. For

example, when converting data from the JPEG international



form ng transformed converted data; y - manipul ating said transforned
differences to produce a second effect form ng processed tr fddﬁ@ cpz
di fferences; and addi ng said processed transforned dlfferences to sal
transformed converted data formng corrected transforned data. 89. A
program st orage device readable by machine as recited in claim83, said
nmet hod steps further conprising performng an inverse quantization of
transform coded data form ng the transformdata. 85. A program storage
devi ce readabl e by machine as recited in claim84, said nmethod steps
further conprising 03 J UL 2002 0 perform ng a quantization of said
corrected transforned data form ng qifanti zed data. 86. A program storage
devi ce readﬁbdﬁdﬁudnanhmmeMasGrEntéfnhﬁﬂbnanaBMBBBardaiﬂhmethod st eps

further conpri SI Nt r.op odin code dat a [ e or m coded
data; and e 't‘?’% é]‘3et_'nlcc§bll }itlg(giﬁu{é%?? 20 data " foirgn 2}61 a%&c?lgﬁ;a 87. A
progr am st oFBEE m;:ﬁmde@&damlagebyamctﬁe@dadumngt thei mmmqn 86, said

method stepsp{Ldlier (ATRICL3L80, aht AL NAde 33T BltbRY| Ald WL Shaps with

sai d steps pertform ng orward transfor m performng a quanti zati on,
entropy encBaghgto eﬁfﬁl'rl@pﬁﬁ G@@oépﬁgre%é?arwdﬁ@ 8RIPRVEYS®- cﬂrhrﬁllezatl on, and

perform ng gpnéAVIRARE tirAREen Ekésﬁlj?ﬁc_y rﬁi.‘@lim%'{esofaftéﬁe§191§5flc%rﬁr ogram
st orage dev ce readapl e

e as.recit wh d
coded data ?‘é cOMhr e fléf?n had EL¥h Jsstgﬁk&ayakf’eg]ﬁa Forr eJ:ﬂe): gmssﬁlts a

conpr essi onpdéeonps s EYvey the. ch&@eé®o Ay. Ay S2
. ASl % Ayh. A@ @ A@QJ. ASy. A. AS(, . A( . A A Anr. Ay% Ahl e. Af . A, N@ ANl . Au. A3?. A
. AYu, % Ah, . A( YR Pk | astetikkal afba ke AS{fm ‘quantize’ in steps 1210

and 1230 are reminders that it is advantageous that
quantization for these steps is half the quantization used
in the final quantization step 1270. 1In this case the
dequantized transform error data have sufficient accuracy to

correct the real domain errors in the converted data.

In an alternative embodiment, the manipulation 310 of
the converted data 150 and forward transforming 410 of the
integer manipulated converted data 330 is done in parallel
with the subtracting 110 to create high-precision
differences and forward transforming 1150 of the
high-precision differences. In this embodiment, the
quantizing 1210 and inverse quantizing 1230 steps are
eliminated. The transformed error data 1160 are input

directly into the manipulation step 1170 as in Figure 11l(a).

The quantization of the transform error data to form
transform~coded error data is particularly useful when the
manipulations are done sequentially and only limited memory
is available to store both the integer converted data and
the high-precision difference data. The transform-coded

error data is highly compressible. Since most coefficients
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transform~coded data. This system is formed by extending the

system 1105 described in Figure 11(b). In this embodiment,

the transform-coded data ‘B’ 215 are inverse quantized 225

to form the transform data 115. As in Figure 11(b) the

converted data 155 can be manipulated 1179 using traditional

integer processes. Before further processing or

manipulating, the converted data 155 are subtracted from the

high-precision output 135 from the inverse transform 125 to

form high-precision differences 1125, The high-precision

differences 1125 are passed to a manipulation step 1135

which accepts high-precision data as input, to produce new

manipulated high-precision differences 1145. The

manipulated high-precision differences are input to a

forward transform step 1155 which accepts high-precision

numbers as input. The transformed high-precision differences

1159 are quantized 1215 to produce transform-coded error

data 1225. The transform-coded error data 1225 are likely

to have many zeros because the high-precision difference

data are small values (0.5 or less for rounding and less

than 1.0 for truncating) except where clipping has occurred

in the converted data. The transform-coded error data are

inverse quantized 1235 to form dequantized transform error
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eliminated. The transformed error data 1159 are input
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directly into the manipulator 1163 as in Figure 11(b).

The quantization of the transform error data to form
transform-coded error data is particularly useful when the
manipulations are done sequentially and only limited memory
is available to store both the integer converted data and
the high-precision difference data.

An example embodiment of a method for transform-domain
correction of real-domain errors in the processing of coded
data 1300 in accordance with the present invention is
illustrated in Figure 13(a). The chosen embodiment is a
method for real-domain manipulation of coded images, which
are transform-coded using the DCT such as JPEG-coded images.

Coded data ‘'C’ 710 are decoded by a lossless entropy decode
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The subtracting step 1314 subtracts the converted
integer data 754 from the high-precision values 1310 forming
high-precision differences 1318. The high-precision
differences 1318 are passed to a manipulation step 1322
which accepts high-precision difference data as input, to
produce new manipulated high-precision differences 1326.

The manipulated high-precision differences 1326 are input to
a forward transform step 1330 which accepts high-precision
numbers as input. The transformed high-precision differences
1334 are quantized 1338 to produce transform-coded erroxr
data 1342. The lossless entropy encode step 1346 compresses
the transform-coded error data 1342. Then the coded error

data 1350 can be stored, saved, or transmitted efficiently.
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The lossless entropy decode step 1354 decodes the coded
error data 1350 and outputs quantized transform
coefficients. These coefficients are dequantized (i.e.
inverse quantized) 1358 to produce dequantized transform
error data 1362. The dequantized transform error data 1362
may be manipulated 1368 to form manipulated dequantized

transform error data 1372.

The processed converted data 772 are input to the
forward DCT 776 which accepts integer data as input. The
output values from the forward DCT 776 are added 1376 to the
manipulated dequantized transform error data 1372 forming
transform-domain corrected transformed data 1380. The
transform-domain corrected transformed data 1380 are
quantized 780 to produce new integer DCT coefficients 1384.
These coefficients 1384 are encoded by a lossless entropy

encode step 788 to produce new coded data ‘C2" 1388.

It is noted that if the forward and inverse DCT and
the manipulation system are sufficiently accurate so that
the error they introduce is less than half a quantization
step, as described in Equation (3) given above, no error at
all is introduced to the DCT coefficients.

An example invention embodiment of a system for

transform-domain correction of real-domain errors in the
processing of coded data 1305 is illustrated in Figure
13(b). " Coded image data ‘C’ 715 are decoded by a lossless
entropy decoder 725 to produce quantized DCT coefficients.
These coefficients are sent to an inverse quantizer 735 and

then passed through an inverse DCT-er 745 to produce
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high-precision real-domain data 1315. The integer converter
and clipper 755 operates on the high-precision data 1315 to
produce integer real-domain data 759. In some cases, the
integer-valued data are optionally sent to a display 763.
The subtractor 1319 subtracts the high-precision values 1315
from the converted integer data 759 forming high-precision

differences 1323.

The manipulator 767 operates on the real-domain
converted data 759 accepting integer data as input and
producing either integer data or high-precision data as
output. If the manipulated data are not integer, they are
converted to integers and clipped 773 before optionally
passing them to a display 763 which takes integer-valued
input 777.

The subtractor 1319 subtracts the converted integer
data 759 from the high-precision values 1315 forming
high-precision differences 1323. The high-precision
differences 1323 are passed to a manipulator 1327 which
accepts high-precision difference data as input, to produce
new manipulated high-precision differences 1331. The
manipulated high-precision differences 1331 are input to a
forward DCT-er 1335 which accepts high-precision numbers as
input. The transformed high-precision differences 1339 are
quantized 1343 to produce transform-coded error data 1347.
The lossless entropy encoder 1351 compresses the
transform-coded error data 1347. Then the coded error data

1355 can be stored, saved, or transmitted efficiently.
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error data 1355 and outputs quantized transform
coefficients. These coefficients are dequantized (i.e.
inverse quantized) 1363 to produce dequantized transform
error data 1367. The dequantized transform error data 1367
may be manipulated 1373 to form manipulated dequantized

transform error data 1377.

The processed converted data 777 are input to the
forward DCT-er 781 which accepts integer data as input. The
output values from the forward DCT-er 781 and the
manipulated dequantized transform error data 1377 are input
to the adder 1381. The transform-domain corrected
transformed data 1385 output from tﬂe adder 1381 are input
to a quantizer 785 to produce new integer DCT coefficients
1389. These coefficients 1389 are input to the lossless
entropy encoder 793 which produces new coded data ‘C2’' 1393.

In an alternate embodiment of the present invention a
method for performing real-domain manipulations of
transform-coded data with transform~-domain correction of
real-domain errors in multiple steps, alternating the
manipulating the converted data and correcting the error in
the transform domain with forward transforming and
quantizing steps and inverse quantizing and inverse
transforming steps, is implemented. Refer back to Figure 10
where the integer output is passed to each of the forward
transforms 950, the steps from Figure 1ll(a) of creating
high-precision errors input to a forward transform step that
takes high-precision input and then adds the transformed

errors intelligently into the transformed converted data
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removes the errors from converting to integers and clipping.
Figure 12(a) illustrates one cycle of such a
multi-generation system. Figure 13(a) illustrates another

embodiment of one cycle of a multi-generation method.

Still another alternate embodiment of the present
invention implements a system for performing real-domain
manipulations of transform-coded data with transform-domain
correction in multiple steps, alternating the subtractor,
manipulators, and adder with a forward transformer and
quantizer and a inverse quantizer and inverse transformer.
Refer to Figure 12(b) which illustrates one cycle of a

multi-generation system.

In general each manipulation may perform another
operation on the data. For example for digital studio
editing, the first manipulation might color correct the
image. The second manipulation might merge the color
corrected image with a background using the chroma-keying
method. The third manipulation might add highlights to the
image. The fourth manipulation might crop the image to
convert from the 16:9 width to height aspect ratio of movies
to the 4:3 aspect ratio of television. For the printing of
images the first manipulation might rotate the image 90
degrees to orient the image with the printing direction. The
second manipulation might merge several indépendent images
into one composite image. A third manipulation might do a
color conversion. For coded image data the output device
may be a display or television set. For coded audio data

the output device may be a player and/or recorder.

Examples of the manipulation between generations

include merging two or more transform-coded data sets. For
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transform-coded image data sets, the merging may be needed
because multiple small images need to be collected into one
bigger picture. Fan-folded advertising brochures typically
are composed of multiple individual pictures. Today's
highest end laser printers print more than one page at a
time. 1In such cases, the images generally do not overlap,
but may not have the same quantization, positioning relative
to the reference grid such as the 8x8 block structure for
JPEG DCTs, or orientation. By composing the final picture
in the real domain, standard processes can be used for each
subimage. Then the composite image can be re-compressed for

eventual decompression for on-the-fly printing.

Similarly, digital editing can include many special
effects requiring several independent manipulations
performed serially. Digital movies often use the
fade-in/fade-out special effect to perform a smooth
transition between two key scenes. Such special effects may
follow independent processing of each scene. Thus, multiple
generations of decompression and recompression are often
needed in the editing to produce the composite of the
special effects.

chroma—keying involves two independent video data
streams. In one video stream the background has been
captured. In the other video stream the foreground, often
composed of action involving live actors, has been filmed
against a blank single color such as a deep blue or black
background. Then the blank pixels in the foreground image
are replaced with pixels from the background video. Since
the pixels are being mixed at a single-pixel level, the
images need to be combined in the real domain. The errors
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undesirable for such digital studio applications. These
errors are reduced or eliminated by implementing the present

invention.

Another application example for use of the present
invention is in the high-end digital graphics market which
uses digital images with sometimes more than 100 megapixels.
Glossy advertising brochures and the large photographic
trade show booth backdrops are just two examples of the use
of such high quality digital imagery. High-quality lossy
JPEG compression are sometimes used to keep the transmission
and storage costs down. As such images are decompressed and
recompressed to allow changes and modifications such as
adding highlights, correcting colors, adding or changing
text and image cropping, unintentional errors are a problem
that is solved with the use of the concepts of the present

invention.

The above examples for the concepts of the present
invention are usual for image and video transform data. The
wide use of the Internet has shown the value of JPEG and
MPEG compressed image data. When JPEG images are to be
printed, manipulations such as a change of scale or a change
of orientation may be required. 1In addition, a
transformation to another color space followed by
recompression will allow the print-ready versions of the
image to be stored. Use of the present invention overcomes
the problem inherent in propagating the errors from the
rounding and clipping.

Audio coded data also needs to be decompressed, mixed

with special sound effects, merged with other audio data,
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edited and processed in the real domain with reduced errors.
Similar implementations are performed for other industrial,
commercial, and military applications of digital processing
employing a transform and an inverse transform of data
representing a phenomenon when the data is stored in the
transform domain. These are thus other representative

applications wherein use of the present invention is highly
advantageous.

It is further noted that this invention may also be
provided as an apparatus or a computer product. For
example, it may be implemented as an article of manufacture
comprising a computer usable medium having computer readable
program code means embodied therein for causing a computer

to perform the methods of the present invention.

It is noted that although the description of the
invention is made for particular arrangements of steps, the
intent and concept of the present invention are suitable and
applicable to other arrangements. It will be clear to those
skilled in the art that other modifications to the disclosed
embodiments can be effected without departing from the

spirit and scope of the invention.
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CLAIMS
We claim:

1. A method for digitally processing transform data

2.

3.

representing a phenomenon, the method comprising:

performing an inverse transform of said transform data

to the real domain forming high-precision numbers;

converting said high-precision numbers to integers and
clipping the integers to an allowed range forming
initial converted data;

subtracting said converted data from said
high-precision numbers forming high-precision
differences;

forward transforming said initial converted data

forming transformed converted data;

forward transforming said high-precision differences

forming transformed differences; and

adding said transformed differences to said transformed

converted data forming corrected transformed data.

A method as recited in claim 1, wherein the inverse to

said forward transform for forward transforming said
initial converted data is different from said inverse

transform.

A method as recited in claim 1, wherein said

high-precision numbers are floating point numbers.
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4. A method as recited in claim 1, wherein said
high-precision numbers are fixed precision numbers

including a fractional part.

5. A method as recited in claim 1, further comprising
performing an inverse quantization of transform-coded

data forming the transform data.

6. A method as recited in claim 5, further comprising
performing a quantization of said corrected transformed

data forming quantized data.
7. A method as recited in claim 6, further comprising:

entropy decoding coded data forming the transform-coded

data; and

entropy encoding the quantized data forming encoded
data.

8. A method as recited in claim 6, wherein said inverse
quantization step and said quantization step use at

least one difference quantization value.

8. A method for digitally processing transform data

representing a phenomenon, the method comprising:

performing an inverse transform of said transform data

to the real domain forming high~precision numbers;

converting said high-precision numbers to integers and
clipping the integers to an allowed range forming
initial converted data;

subtracting said initial converted data from said
high-precision numbers forming high-precision
differences;
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manipulating said initial converted data to produce an

effect and forming processed converted data;

forward transforming said processed converted data

forming transformed converted data;

forward transforming said high-precision differences

forming transformed differences; and

adding said transformed differences to said transformed

converted data forming corrected transformed data.

10. A method as recited in claim 9, further comprising
performing an inverse quantization of transform-coded

data to form the transform data.

11. A method as recited in claim 10, further comprising
performing a quantization of said corrected transformed

data forming quantized data.
12. A method as recited in claim 11, further comprising:

entropy decoding coded data to form the transform-coded
data; and

entropy encoding the quantized data forming encoded
data.

13. A method as recited in claim 9, wherein said effect is

the color correction of image data.

14. A method as recited in claim 12, wherein said coded data

are coded audio data.

15. A method as recited in claim 12, wherein said coded data

are coded image data.

16. A method as recited in claim 12, wherein said coded data

are coded video data.
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17. A method as recited in claim 15, wherein said coded

image data are in a JPEG still image international

standard format.

18. A method as recited in claim 16, wherein said coded
video data are in a MPEG motion video international

standard format.

19. A method as recited in claim 12, said method steps
further comprising alternating a desired number of
times said step of manipulating with said steps of
performing a forward transform, performing a
quantization, entropy encoding, entropy decoding,
performing an inverse quantization, and performing an

inverse transform.

20. A method as recited in claim 19, wherein said coded data
are compressed data, and each step of alternating
implements a compression/decompression cycle.

21. A method for digitally processing transform data

representing a phenomenon, the method comprising:

performing an inverse transform of said transform data

to the real domain forming high-precision numbers;

converting said high-precision numbers to integers and
clipping the integers to an allowed range forming
initial converted data;

subtracting said initial converted data from said
high-precision numbers forming initial
high-precision differences;

manipulating said initial converted data to produce a

first effect forming processed converted data;
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forward transforming said processed converted data

forming transformed converted data:;

manipulating said initial high-precision differences to
produce a second effect and forming processed
high-precision differences;

forward transforming said processed high-precision

differences forming transformed differences; and

adding said transformed differences to said transformed

converted data forming corrected transformed data.

22. A method as recited in claim 21, wherein said first

effect is the chroma-key merging of two data sets.

23. A method as recited in claim 22, wherein said second
effect is the merging of two initial high-precision
differences according to the chroma-keying merging of
two data sets.

24. A method as recited in claim 21, wherein said first

effect is the color correction of image data.

25. A method as recited in claim 21, wherein said first
effect is a 90 degree rotation of the image and said
second effect is a 90 degree rotation of said

high-precision differences.

26. A method as recited in claim 21, wherein said

high-precision numbers are floating point numbers.

27. A method as recited in claim 21, further comprising
performing an inverse quantization of transform-coded
data to form the transform data.
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28. A method as recited in claim 27, further comprising
performing a quantization of said corrected transformed

data forming quantized data.
29. A method as recited in claim 28, further comprising:

entropy decoding coded data to form the transform-coded

data; and

entropy encoding the quantized data forming encoded
data.

30. A method as recited in claim 29, wherein said coded data
are in a JPEG still image international standard
format.

31. A method as recited in claim 29, wherein said coded

video data are in a MPEG motion video international
standard format.

32. A method as recited in claim 21, wherein the processed
high-precision differences are identical to the initial
high-precision differences.

33. A method for digitally processing transform data

representing a phenomenon, the method comprising:

performing an inverse transform of said transform data

to the real domain forming high-precision numbers;

converting said high-precision numbers to integers and
clipping the integers to an allowed range forming
initial converted data;

subtracting said initial converted data from said
high-precision numbers forming high-precision

differences;
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forward transforming said high-precision differences

forming initial transformed differences;

manipulating said initial converted data to produce a

first effect forming processed converted data;

forward transforming said processed converted data

forming transformed converted data;

manipulating said initial transformed differences to
produce a second effect forming processed

transformed differences; and

adding said processed transformed differences to said
transformed converted data forming corrected

transformed data.

34. A method as recited in claim 33, wherein said

high-precision numbers are floating point numbers.

35. A method as recited in claim 33, further comprising
performing an inverse quantization of transform-coded

data to form the transform data.

36. A method as recited in claim 35, further comprising
performing a quantization of said corrected transformed

data forming quantized data.
37. A method as recited in claim 36, further comprising:

entropy decoding coded data to form the transform—coded
data; and

entropy encoding the quantized data forming encoded
data.
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38. A method as recited in claim 37, wherein said coded
video data are in a MPEG motion video international

standard format.

39. A method as recited in claim 36, wherein the step of

manipulating said transformed differences includes:

performing a quantization of said transformed

differences forming quantized differences;

performing an inverse quantization of said quantized

differences forming dequantized differences; and

manipulating said dequantized differences to produce a
second effect to form processed transformed

differences.

40. A method as recited in claim 39, further comprising the
step of entropy encoding the quantized differences

forming encoded differences.

41. A method as recited in claim 40, further comprising the
step of entropy decoding the encoded differences

reforming the quantized differences.

42. A method as recited in claim 39, wherein the step of
performing a quantization and the step of performing an
inverse quantization use a first amount of quantization
values which equal to one half a second amount of
quantization values used in the step of performing a

quantization of said corrected transformed data.

43. A method as recited in claim 36, wherein the step of

manipulating said transformed differences further
comprises:



109%& () - JI&KDKKLAM [ <r S1@ SY19109%& ()-!eS(S

10%/ & ()-!1 FY%g#1098$& () - GAL0% () -! VO@L0YBBE () - 03 JUL 2002
21098 ()-4MgM MsM MVMWMH\ =@ 1 y: 10%&' ()-! Y 10%&' ()-!'~ Y 10%

& ()-L$10% ()- 10 10 10 210%& () - MSNF NNNCOO} [ <~\ =@ 10%&' ()-! L10%& ()- |
MLO%&' ()- &LO%& ()- @ 33109%& ()-3!: Y10%>& ()- SOO>QQQR* R+RzX9. = 10

, 5MLO%. ()-!0 S2, 10% ()-S

57
manipulating said transformed differences to produce a

second effect and forming manipulated transformed
differences;

performing a quantization of the manipulated
transformed differences forming quantized
differences; and

performing an inverse quantization of said quantized
differences forming processed transformed
differences.

44, A method as recited in claim 43, further comprising the

step of entropy encoding the quantized differences
forming encoded differences.

45. A method as recited in claim 44, further comprising the

step of entropy decoding the encoded differences

reforming the quantized differences.

46. A method as recited in claim 43, wherein the step of
performing a quantization of the manipulated
transformed differences and the step of performing an
inverse quantization of said quantized differences use
half an amount of quantization values as used in the

step of performing a quantization of said corrected
transformed data.

47. A method as recited in claim 36, wherein the step of

manipulating said transformed differences further
comprises:

manipulating said transformed differences to produce a

second effect and forming manipulated transformed
differences;
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performing a quantization of the manipulated

transformed differences forming quantized

differences;

performing an inverse quantization of said quantized

differences forming dequantized differences; and

manipulating said dequantized differences to produce a
third effect and forming processed transformed
differences.

48. A method as recited in claim 47, further comprising the
step of entropy encoding the quantized differences
forming encoded differences.

49. A method as recited in claim 48, further comprising the

step of entropy decoding the encoded differences

reforming the quantized differences.

50. A method as recited in claim 47, wherein the step of
performing a quantization of the manipulated
transformed differences and the step of performing an
inverse quantization of the quantized differences use
half an amount of quantization values of as is used in

the step of performing a quantization of the corrected
transformed data.

51. A system for digitally processing transform data
representing a phenomenon, the system comprising:

an inverse transformer to perform an inverse transform
of said transform data to the real domain using
high-precision numbers;
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a converter to convert said high-precision numbers to

integers and a clipper to clip the integers to an

allowed range forming initial converted data;

a subtractor to subtract said initial converted data
from said high-precision numbers forming

high-precision differences;

a forward transformer to forward transform said initial

converted data forming transformed converted data;

a forward transformer to forward transform said
high-precision differences forming transformed

differences; and

an adder to add said transformed differences to said
transformed converted data forming corrected
transformed data.

52. A system as recited in claim 51, wherein a first
transform type used in the forward transformer to
forward transform said initial converted data is
different from a second transform type used in the
inverse transformer.

53. A system as recited in claim 51, further comprising an
inverse quantizer for perform an inverse quantization

of transform-coded data to form the transform data.

54. A system as recited in claim 53, further comprising a
quantizer to perform a quantization of said corrected
transformed data forming quantized data.

55. A system as recited in claim 54, wherein said inverse
quantizer and said quantizer use at least one different

quantization value.
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56. A system for digitally processing transform data

representing a phenomenon, the system comprising:

an inverse transformer to perform an inverse transform
of said transform data to the real domain using

high-precision numbers;

a converter to convert said high-precision numbers to
integers and a clipper to clip the integers to an

allowed range forming initial converted data:;

a subtractor to subtract said initial converted data
from said high-precision numbers forming

high-precision differences;

a manipulator to manipulate said initial converted data
to produce an effect and forming processed

converted data:;

a forward transformer to forward transform said
processed converted data forming transformed

converted data:;

a forward transformer to forward transform said
high-precision differences forming transformed

differences; and

an adder to add said transformed differences to said
transformed converted data forming corrected
transformed data.

57. A system as recited in claim 56, further comprising an
inverse quantizer to perform an inverse quantization of

transform-coded data to form the transform data.
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58. A system as recited in claim 57, further comprising a
quantizer to perform a quantization of said corrected
transformed data forming quantized data.

59. A system as recited in claim 58, further comprising an
entropy decoder for decoding coded data forming the
transform-coded data.

60. A system as recited in claim 59, further comprising an
entropy encoder for encoding the quantized data forming
encoded data.

61. A system for digitally processing transform data

representing a phenomenon, the system comprising:

an inverse transformer to perform an inverse transform
of said transform data to the real domain using

high-precision numbers;

a converter to convert said high-precision numbers to
integers and a clipper to clip the integers to an

allowed range forming initial converted data;

a subtractor to subtract said initial converted data
from said high-precision numbers forming
high-precision differences;

[}

manipulator for manipulating said initial converted
data to produce a first effect forming processed
converted data;

a forward transformer to forward transform said
processed converted data forming transformed
converted data;
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a manipulator for manipulating said high-precision
differences to produce a second effect and forming

processed high-precision differences;

a forward transformer to forward transform said
‘processed high-precision differences forming

transformed differences; and

an adder to add said transformed differences to said
transformed converted data forming corrected

transformed data.

62. A system as recited in claim 61, further comprising an
inverse quantizer to perform an inverse quantization of

transform-coded data to form the transform data.

63. A system as recited in claim 62, further comprising a
quantizer to perform a quantization of said corrected

transformed data forming quantized data.

64. A system for digitally processing transform data
representing a phenomenon, the system comprising:

an inverse transformer to perform an inverse transform
of said transform data to the real domain using

high-precision numbers;

a converter to convert said high-precision numbers to
integers and a clipper to clip the integers to an

allowed range forming initial converted data;

a subtractor to subtract said initial converted data
from said high-precision numbers forming

high-precision differences;
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a first forward transformer to forward transform said

high-precision differences forming transformed

differences;

a first manipulator for manipulating said initial
converted data to produce a first effect forming
processed converted data;

a second forward transformer to forward transform said
processed converted data forming transformed

converted data;

a second manipulator for manipulating said transformed
differences to produce a second effect forming

processed transformed differences; and

an adder to add said processed transformed differences
to said transformed converted data forming

corrected transformed data.

65. A system as recited in claim 64, further comprising a
first inverse quantizer to perform an inverse
quantization of transform-coded data to form the

transform data.

66. A system as recited in claim 65, further comprising a
first quantizer to perform a quantization of said

corrected transformed data forming quantized data.

67. A system as recited in claim 66, wherein the manipulator
for manipulating said transformed differences further
comprises:

a second quantizer for performing a quantization of
said transformed differences forming quantized
differences;
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a second inverse quantizer for performing an inverse

quantization of said quantized differences forming

dequantized differences; and

a third manipulator to manipulate said dequantized

differences to produce a second effect forming

processed transformed differences.

68. A system as recited in claim 67, further comprising an

entropy encoder for encoding the quantized differences

forming encoded differences.

69. A system as recited in claim 68, further comprising an

entropy decoder for decoding the encoded differences

reforming the quantized differences.

70. A system as recited in claim 67, wherein the second

quantizer and the second inverse quantizer each use

half an amount of quantization values as is used in the

first quantizer.

71. A system as recited in claim 66, wherein the second

manipulator includes:

a difference manipulator to manipulate said transformed

differences to produce a second effect forming

manipulated transformed differences;

a difference quantizer for performing a quantization of

said manipulated transformed differences forming

quantized differences; and

a difference inverse quantizer for performing an

inverse quantization of said quantized differences

forming the processed transformed differences.
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72, A system as recited in claim 71, further comprising an
entropy encoder for encoding the quantized differences

forming encoded differences.

73. A system as recited in claim 72, further comprising an
entropy decoder for decoding the encoded differences

reforming the quantized differences.

74. A system as recited in claim 71, wherein second
manipulator includes an alternate manipulator to
manipulate said dequantized differences to produce a
third effect and forming the processed transformed
differences.

75. An article of manufacture comprising a computer usable
medium having computer readable program code means
embodied therein for digitally processing transform
data representing a phenomenon, the computer readable
program code means in said article of manufacture
comprising computer readable program code means for

causing a computer to effect:

performing an inverse transform of said transform data

to the real domain forming high-precision numbers;

converting said high-precision numbers to integers and
clipping the integers to an allowed range forming
initial converted data;

subtracting said initial converted data from said
high-precision numbers forming high-precision
differences;

forward transforming said initial converted data

forming transformed converted data;
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forward transforming said high-precision differences

forming transformed differences; and

adding said transformed differences to said transformed

converted data forming corrected transformed data.

76. An article of manufacture as recited in claim 75, the
computer readable program code means in said article of
manufacture further comprising computer readable
program code means for causing a computer to effect
performing an inverse quantization of transform-coded
data to form the transform data.

77. An article of manufacture as recited in claim 76, the
computer readable program code means in said article of
manufacture further comprising computer readable
program code means for causing a computer to effect
performing a quantization of said corrected transformed
data forming quantized data.

78. An article of manufacture as recited in claim 77, the
computer readable program code means in said article of
manufacture further comprising computer readable

program code means for causing a computer to effect:

entropy decoding the coded data forming the
transform-coded data; and

entropy encoding the quantized data forming encoded
data.

79. A computer program product comprising a computer usable
medium having computer readable program code means
embodied therein for digitally processing transform
data in the real domain representing a phenomenon, the

computer readable program code means in said computer
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program product comprising computer readable program

code means for causing a computer to effect:

performing an inverse transform of said transform data

to the real domain forming high-precision numbers;

converting said high-precision numbers to integers and
clipping the integers to an allowed range forming
initial converted data;

subtracting said initial converted data from said
high-precision numbers forming high-~precision

differences;

manipulating said initial converted data to produce an

effect and forming processed converted data;

forward transforming said processed converted data

forming transformed converted data;

forward transforming said high-precision differences

forming transformed differences; and

adding said transformed differences to said transformed

converted data forming corrected transformed data.

80. A computer program product as recited in claim 79, the
computer readable program code means in said computer
program product further comprising performing an
inverse quantization of transform-coded data forming
the transform data.

8l1. A computer program product as recited in claim 80, the
computer readable program code means in said computer
program product further comprising performing a

quantization of said corrected transformed data forming
quantized data.



,10%m& ()-,!C ' 10% () - Ud$hzX6Ms 10! M 10%m& ()--!V @O0%h& ()< LH

S10%{& ()-1? 9910%{& ()-@ 10% ()- L$10% ()-Fh(aBvs 10: M 03 JUL 2002
Y(109%&' ()-!i FURL0%HE ()-- #10%&' ()- |"10%& ()- y 10%& ()-

109% () - H JKZvI bC 10! M #10%: ()- 101010S410% ()- @ S. 10%7& ()- - 10%& () -
9*10%' ()- @\ b}[9l bC 10! ! VI0%ZZ& ()-'Q t10% & ()-!VY&10%n

68
82. A program storage device readable by machine, tangibly
embodying a program of instructions executable by the
machine to perform method steps for digitally
processing transform data representing a phenomenon,

said method steps comprising:

performing an inverse transform of said transform data
to the real domain forming initial high-precision
numbers;

converting said initial high-precision numbers to
integers and clipping the integers to an allowed

range forming initial converted data;

subtracting said initial converted data from said
initial high-precision numbers forming

high-precision differences;

manipulating said initial converted data to produce a

first effect forming processed converted data;

forward transforming said processed converted data

forming transformed converted data;

manipulating said initial high-precision differences to
produce a second effect and forming processed

high-precision differences;

forward transforming said processed high-precision

differences forming transformed differences; and

adding said transformed differences to said transformed

converted data forming corrected transformed data.

83. A program storage device readable by machine, tangibly
embodying a program of instructions executable by the
machine to perform method steps for digitally
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said method steps comprising:

performing an inverse transform of said transform data

to the real domain forming high-precision numbers;

converting said high-precision numbers to integers and
clipping the integers to an allowed range forming

initial converted data;

subtracting said initial converted data from said
high-precision numbers forming high-precision

differences;

forward transforming said high-precision differences

forming transformed differences;

manipulating said initial converted data to produce a

first effect and forming processed converted data;

forward transforming said processed converted data

forming transformed converted data;

manipulating said transformed differences to produce a
second effect forming processed transformed

differences; and

adding said processed transformed differences to said
transformed converted data forming corrected

transformed data.

84. A program storage device readable by machine as recited
in claim 83, said method steps further comprising
performing an inverse quantization of transform-coded
data forming the transform data.

85. A program storage device readable by machine as recited

in claim 84, said method steps further comprising
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performing a quantization of said corrected transformed

data forming quantized data.

86. A program storage device readable by machine as recited

in claim 85, said method steps further comprising:

entropy decoding coded data forming the transform-coded
data; and

entropy encoding the quantized data forming encoded
data.

87. A program storage device readable by machine as recited
in claim 86, said method steps further comprising
alternating said manipulating steps with said steps of
performing a forward transform, performing a
quantization, entropy encoding, entropy decoding,
performing an inverse quantization, and performing an

inverse transform a desired number of times.

88. A program storage device readable by machine as recited
in claim 87, wherein said coded data are compressed
data, and each step of alternating implements a

compression/decompression cycle.



