4 JUL 2005 1 REDUCED- ERROR PROCESSI NG OF TRANSFORMED DI G TAL DATA FI ELD
OF THE I NVENTION This invention relates to transform codi ng of digLuamf
‘data, specifically to real domain processing of transform data. More L 2005
particularly, this invention relates to reduced-error digital processing of
inverse transforned data. BACKGROUND OF THE | NVENTI ON Transform coding is
the nane given to a wwde famly of techhiques for data coding, in which
each block of data to be coded is transforned by sone mat hemati ca
function prior t rther_processing. A block of data may be a part of a
dat a obj ect bei ng TUIEHED oF BROCHSSENE| OB BBANSFORVED DIGITAI 2008 2
data generally represent sone phenonenon, which may be for exanple a
spectral or spectrumanalysis, an imge, an audio «clip, a video clip, etc.
The transformfunction is usually chosen to reflect some quality of the
phenonenon bei ng coded; for exanple, in coding of audio, still inages and
notion pictures, the Fourier transformor D screte Cosine Transform (DCT)
can be used to analyze the data into frequency ternms or coefficients. G ven
t he phenonenon being conpressed, there is generally a concentration of the
information into a few frequency coefficients. Therefore, the transforned
data can often be nore econom cally encoded or conpressed than the
original data. This neans that transformcoding can be. used to conpress
certain types of :

FIELD OF THE INVENTION

This invention relates to transform coding of digital
data, specifically to real domain processing of transform
data. More particularly, this invention relates to

reduced-error digital processing of inverse transformed
data.

BACKGROUND OF THE INVENTION

Transform coding is the name given to a wide family of
techniques for data coding, in which each block of data to
be coded is transformed by some mathematical function prior
to further processing. A block of data may be a part of a
data object being coded, or may be the entire object. The
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data to mnimze storage space or transm ssion tine over a conmunication
link. An exanple of transformcoding in use is found in the Joint ~4 LﬂM5
‘Phot ogr aphi ¢ Experts G oup (JPEG international standard for still inmage
conpression, as defined by ITUUT Rec. T.81 (1992) 1 I1SO|EC 10918-1: 1994,
Information technology -Digital conpr es%Jon and ‘codi ng of continuous-tone
still images, Part 1: Requirenents and i deli nes. Another exanple is the
Movi ng Pictures Experts C}oup (MPEG international standard for notion
picture corrpr §:| on, defi | SO'I EC 11172: 1993, Infornmation

Technol ogy - g’&n% rﬁ CEFEDS SRHCa PHETIOMEEP tauoLCH aua vlilgé t fbr

st orage nedi a akam@l@Oaa@@@btkai M t5 %t Eﬁl andard defines
systens for bot?ﬂyldeo conpre55|on e 8 IY§§stén Q%Iéhd atyi padio

conpr essi on ( PE&rt-P3) 3 X1dggr &- llé’ceﬁttCI\/PE@hﬁl @é@n§tf@rrdarfd1r(d‘ﬂ§lfm 2)s issually

defined by ITUcﬁosB&CtoHr%&aebt|§§th§u%§§%§ &f %&%6 hafQL tlo Technology
4 JUL 2005 3 GEngr d|n of noving pictuies and associ a audi®'9- Part
2: video. A neW&F® rsF RERAG i 41 Sodipg efgagdio, E@Q@Mlﬁmﬂg&ﬁland

Technol ogy - Gmoeubtn @Q@m@e@f TRY! BEurBbe! UEGRsFRIAR907AlGd AU, o
Part 3: audio. mage i nternational data conpression

t.h
use the DCT oﬁr§Q§fBF8C%?C3f §éﬁppésu§6daéﬁ|évélwﬁﬁgéheompmessndnn DCT

conpr essi on of firrggesciys tused bBer ebBrEOgb¥esl | | HSLERL k@RS , EJ‘ ener al
concepts put forward bel.ow, a conplete explanation can be oun i'H apte?

4 "The Discret 8°CBSF ﬁéedTr Lhersr W(B)@F)?rail YWt BOnPenfhebaken arfd the L.
Mtchell, JPEEnfBrinhkibrngacbaharCRNRLegsLABy SEBREREd1 Yol Nostand o

the transformed data can often be more economically encoded
or compressed than the original data. This means that
transform coding can be used to compress certain types of
data to minimize storage space or transmission time over a
communication link.

An example of transform coding in use is found in the
Joint Photographic Experts Group (JPEG) international
standard for still image compression, as defined by ITU-T
Rec. T.81 (1992) | I1IS0O/IEC 10918-1:1994, Information
technology — Digital compression and coding of
continuous-tone still images, Part 1: Requirements and
Guidelines. Another example is the Moving Pictures Experts
Group (MPEG) international standard for motion picture
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
(ParF 2 of the standard) and audio compression (Part 3). A
more recent MPEG video standard (MPEG-2) is defined by ITU-T
Rec. H.262 | ISO/IEC 13818-2: 1996 Information Technology —



Rei nhol d: New York, (1993). Wavelet coding is another formof transform
coding. Special localized basis functions all ow wavel et coding to -4
‘preserve edges and smal |l details. For conpression the -transforned dat 4L 405
usual |y quantized. Wavelet coding is wused for fingerprint identification
by the FBI. Wavel et coding is a subset of the nore general subband coding
techni que. Subband coding uses filter bgnks to deconpose the data into
particul ar bands. Conpression is achieved by quantizing the |ower
frequency ban more finely than the higher frequency bands while sanpling
the | ower fre%é}?c@lc It RYEFEIBE qtiare s hadhi gheoctabadeanyibands. A

summary of wa .2 DI d orm.coding,is give in_Chapter 5
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and for any phenonmenon represented by gital data, the ta beror
transf or mat i o AL WEHF e S 0 ated®rastia o-asPdisi g "audide real 1 deRRER" .

After a 4 JULiZQfk 4 dvaansfordmil oy f t new data are often
called "transform data" or "transfor%og)g[{gftﬁsgigjn sgl,ea%(ﬁadréjsef‘é??eﬁhet]acgs
being "in the ¥ & AAdsansampies thec ticdi avsed iiage takep as 81 65 0m bhe
real domain tednpeddsansf QmdRrRIN isS I t.he forward transforn. The
mat hemat i cal i,?&\/ rse of thejﬁ‘o;%r truéc’(r%s (l)rfe%el\r/}\}nitc g[la esl]g%lf%tlf?{)ﬁ?{lﬁe
transform dofai % JGMe fedalcolsmmts, Dud dalrwedd fre isspectdamplétwer se

transform'. rexplanation can be found in Chapter 4 “The Discrete Cosine

Transform (DCT)” in W. B. Pennebaker and J. I,. Mitchell,

JPEG: Still Image Data Compression Standard, Van Nostrand
Reinhold: New York, (1993) .,

Wavelet coding is another form of transform coding.
Special localized basis functions allow wavelet coding to
preserve edges and small details. For compression the
transformed data is usually quantized. Wavelet coding is
used for fingerprint identification by the FBI. Wavelet
coding is a subset of the more general subband coding
technique. Subband coding uses filter banks to decompose the
data into particular bands. Compression is achieved by
quantizing the lower frequency bands more finely than the
higher frequency bands while sampling the lower frequency

: bands more coarsely than the higher frequency bands. A
summary of wavelet, DCT, and other transform coding is given
in Chapter 5 “Compression Algorithms for Diffuse Data” in
Roy Hoffman, Data Compression in Digital Systems, Chapman
and Hall: New York, (1997).

In any technology and for any phenomenon represented by
digital data, the data before a transformation is performed

a_re_referred to as being “in the real domain”. After a



In general, the forward transformw || produce real-valued data, not
necessarily integers. To achieve data conpression, the transform =4 JUL 2005
‘coefficients are converted to integers by the process of quantization.
Suppose that (A) is a set of real-valued transformcoefficients resulting
fromthe forward transformof one unit of data. Note that one unit of data
may be a one-di nensional or two-dinensional block of data sanples or even
the entire data. The "quantization values" (qg,) are paraneters to the

encodlng proce%ga T?e "ggantlzed transform coefficients" or
" "tT ansf or m coded “HECE™ éophé558&ﬁéﬁé§e6f FBruBSW( dafa defd mettdry ddiEled

quanti zati on f Uhetnso@n da%QXZb} heraBsPobd) Wb S usua
t he greatest |nte er | ess than or equaS oo xC T%ggfgéélgﬁ %n%i eﬁ%f%ﬁ%
then passed on‘fo p8§§P8Ie1PuFPﬁeFréﬁééérﬁgdemaéﬁﬁpre§§eoﬁdmdﬁndntuﬂé@ to

stored or tranakktteda Feofeenderthe dahgint s GHQ”EkéﬁgfoﬁgF%f'c'ents are

mul tiplied by th €1 g |zat|on val ues to give new "dequanti
coefficients"” % 8n 'borupegi frapgfoamiuL 2be5nsthkeaprioedssimferse of

guanti zation fohbowedwbyddeﬂuﬁgtbzﬁtlQH haksgpega r q ant| tion)
can thus be degcribed _as, , "rounding to %ﬁe nea?es?gﬁg E?Xﬁ %%F % Sﬁ%
quantization varaad 5PetBRoL8AlsEORAAR. t he Fé%éeéfthﬁf@ﬁﬁQECﬁnwa1tﬂnyerse

quanti zation stepnsfownt’hin some specified bound. For exanple, for audig
or image data, one quantization level is wusually the smallest change in’

data that can be pelney¥fdral, the forward transform will produce
real-valued data, not necessarily integers. To achieve data
compression, the transform coefficients are converted to
integers by the process of quantization. Suppose that (4)
is a set of real-valued transform coefficients resulting
from the forward transform of one unit of data. Note that
one unit of data may be a one-dimensional or two-dimensional
block of data samples or even the entire data. The
“quantization values” (gq) are parameters to the encoding
process. The “quantized transform coefficients” or

“transform-coded data” are the sequence of values (a)

defined by the quantization function Q:

=Q0(4) = '1 g, +0.5 (1)

where bd means, as usual, the greatest integer less than or

. equal to x. The resulting integers are then passed on for
possible further encoding or compression before being stored
or transmitted. To decode the data, the quantized

coefficients are multiplied by the quantization values to

give new “dequantized coefficients” (lﬂj given by

l§=qiai- ' (2)



It is quantization that allows transformcoding to achieve*" good data
conpression ratios. A good choice of transform allows quantization val ues
+to be chosen which will significantly cut down the anpunt of datar¢gupgw5
encoded. For exanple, the DCT is chosen for inage conpression because "the
frequency conponents which result produce al nost -independent responses
fromthe human visual system This nmea&ans that the coefficients relating to
t hose conponents to which the visual systemis |ess sensitive, nanely the
hi gh-frequency conponents, may be quantized using |arge quantization

val ues without per cEp®iBFecedssobf quamiyra et i fyllCoed fhgi dataanelakicAg t 0
conponents to 1 &6 the i S i re sensitive, nanely the

| ow- f r equency m%onponen%%? gﬁgéaﬁgnéﬁg%%ﬁﬁg?ﬁglgnaﬁ e#hﬁ%ag?rgﬁgFBﬁbﬁglﬁés.
The inverse transindingl so gea eni@d t¢/s Privduciasl e oN-4,nt eg@ﬁedahg tiysuakloy

t he decoded da\; ) are required to be in integer form For exarrpfle, systens
for the playbatk "o ALTi DUER 3 Hrat dikglk8F oo f nugkorma bigenénakhy
accept input dquantiezdofenoitémt LYl Seh sl SPLasPeq A b hAST OF

decoder genera&é/ i é:l udes a step that converts the non-integer data from
the inverse transiorm to°f nitege? HatHladeidater RRS ramant} ont benbyeveiindisng

to the nearestuswaklerthe Thes Bld st abisth@f tien @dd fﬂﬂa@rbatr@ebéalﬁgf Q{Lvéﬁe
[ the data may

i nt eger data t put om t he. decqdi ng process in order that _
4 Jul. 2005 6 e]g oq%%n?hzaatb?Q/eﬂ“%%rﬁ}éro%? Wians fegt 494kng ebgoachheve

decoder al so of¢mnh darcd utespiteseidpping'o St age Jdwt &M@softgggngp_?m
out put datazméﬁ'gh n.acceptabl e range. |If the ™ acceptable range is [d,b],
then all val ues %ess Q$%RF Z2atien values to be chosen which will

significantly cut down the amount of data to be encoded.

For example, the DCT is chosen for image compression because
the frequency components which result produce almost
independent responses from the human visual system. This
means that the coefficients relating to those components to
which the visual system is less sensitive, namely the
high-frequency components, may be quantizéd using large
quantization values without perceptible loss of image
quality. Coefficients 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.
There is also often a limit on the range of the integer data
output from the decoding process in order that the data may



changed to a, and all values greater than b are changed to b. These

roundi ng and clipping processes are often considered an integral part of
‘the decoder, and it is these which are the cause of inaccuracies in '4JUL2m5
decoded data and in particular when decoded data are re-encoded. For
exanple, the JPEG standard (Part 1) specifies that a source inage sanple
is defined as an integer with precision® bits, with any value in the

range 0 to 2**P - 1. The decoder is expected to reconstruct the output
fromthe inverge discrete cosine transform (IDCT.) to the specified
preci si on. For°th&t°h&SelPné IPEE cBEMRgrPofsbdési nEdrt thie Seadfsam dtthker

DCT- based codi agcBdean 8 25 EG R.yi st rd.states in
Annexaié(tfgcre?g cosiﬁgg?rgﬁgsérﬁ$giﬁﬂgg ?;pﬁ¥i9§9pﬁe ?gg%§r5§¥féuﬁﬁﬁﬂﬁﬁs

and t he out put tRRbrthReCuUFRVEr dater ansf dnnehsareppbsbhtedanigeh 9 1 tihd For
JPEG t he conpl i ta for the encoder  _source inmage test data and

t he decoder re?gggﬁgégiés?gag?alsa@@ﬁS BﬁFPsé%ﬁlga#HFégéﬁ§§ BV theugh
roundi ng to i NERABESEL t8 LYPLLA! 1 ugges convert from
floating point toéintegerg %@ét?hﬁgg%}gégg#npie%%n%ggﬁo%saf% CeBREREr &°

that accept thbs conversion to integers by truncation introduce |arger
errors into the real-domain integer output fromthe inverse transform 4

JUL 1005 7 The ternThbbghrpuagisyoandi s1usgdnfepebBetekehiel LG puneri cal
val ues which are. d.to a grecision nore_accurate than the precision

store .
used when storlngs%§8r9glﬁﬁsl 59Tt egRF§. OExhhpI 88CBfieRi gAngr édi disorthese

val ues are 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 transférm 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.




fl oating-point or fixed-point representations of nunbers. SUMVARY OF THE

| NVENTION I n light of the problens descri bed above regarding inaccuMaﬂhg@
‘caused by digital processing techniques and by such things as rounding a @
clipping after the inverse transformof transform data, one aspect of this
invention provides a nethod for processing transf-ormdata in the real
domai n. This nethod reduces the undesiréed errors in the data produced by
such things as rounding to integers and clipping to an allowed range after
the inverse transform In an enbodinment, this nethod includes: performng
thre inverse transf i &frPhehiphnerechsdana dGcHseRahetRdn tealcafsimito

data Produced au@eirdchhevhau@sofmiicghapeesisi-en t»salaugﬁ:ecars%%%i&gethese
hi gh- preci si on values; and converting the processed hi gh-precision val ues

to integers aR@CUERtEpithgnt Ehgnpakrcéndanr dage bhlep sftogdnohdhs sodlssihgas
stage is conpl ghRegllrs.S 2RAMPEEs28RCHY (AL pRES siBYERLIR L @ Y OVi de a

met hod for processi'ng transform coded dgpa In the real domain which
reduces the undésptdddeprans ion LhEedabaingr s&pEes ehyathensomie mume 1 o.
integers and clipping to an allowed range after the inverse transform In
an enbodi nent, the method includes: performng the inverse - 4 JUL 2005 8
quanti zation of the transformcoded data; performng the inverse transform
of the transformdata thus produced, such that the real-domain data
produced are in the formof high-precision values; processing these

hi gh- pr eci si on SUVMARYS OFa RHEC INVENTIOY t he processed hi gh-precision val ues
In light of the problems described above regarding
inaccuracies caused by digital processing techniques and by
such things as rounding and clipping after the inverse
transform of transform data, one aspect of this invention
provides a method for processing transform data in the real
domain. This method reduces the undesired errors in the
data produced by such things as rounding to integers and
clipping to an allowed range after the inverse transform.
In an embodiment, this method includes: performing the
inverse transform of the transform data such that the
real-domain data produced are in the form of high-precision
values; processing these high-precision values; and
converting the processed high-precision values to integers
. and. clipping to an allowed range only after the processing

stage is complete.

It is another aspect of this invention to provide a
method for processing transform-coded data in the real
domain which reduces the undesired errors in the data
produced by the converting to integers and clipping to an
allowed range after the inverse transform. In an

émbodiment, the method includes: performing the inverse




to integers and clipping to an allowed range only after the processing
stage is conplete. Still another aspect of the present invention is
‘provide a nmethod for processing transformcoded data in the real déw@iﬂ&ﬁo
produce new transform coded data, which reduces the error produced by
converting to integers and clipping to an allowed range after the inverse
‘transform In an enbodinent, this nmethod includes: performng the

i nverse quantization of the transform coded data; perform ng the inverse
transformof the transformdata thus produced, such that the real-domain
data produced @ranthzehgofiopfh bhe highspoemtsodedvahbues; pprdcershggthbese

i gh-pr oot sl ons pyaluest RRLEGLY 09 Lhe [otyerd-tranelorm on Lhe, pracesse

hi gh- pr eci si on va rm ng I 'on on
data. If the ethatsthe rhelfdomald dmda pnw@usedtaaﬂsimrnheaﬁdrmnoﬁhe

processing are f b irabl e grrors
produced in thhﬂﬁfl Rﬁégg% ¥§e§g?h éf% %%%? g%? u&%@ﬁepfg “hdt

requi r enent thﬁ@luhe,iﬂpdtCdaVartDnghEhenprhodssd@shlgheprheienﬁnneaduéeﬁe
froma single dat e h nv nt not restricte e
real - domai n prggeggFggg%g 8%§a8? Béghas#ng e %gg?%éd % uP9e ar yaﬁgFFésEgﬁ

real -donmai n protesssagngf staga fsoopmplétple sources, such as the nerging
of inmages or audio data. 4 JUL 2005 9 The quantization described in the
background is the Btmnéaragobdherzaspeotusédtha pneeematlmmehtlﬁﬁgﬁsdaba

conpr essi on SF% 958? §UﬁQt§§9J?§§ %PQCQ§§¥%gTPF£§s£§rm 0ol EJULLETERY Eﬁat

the quanti zati
real domain to produce new transform-coded data, which

reduces the error produced by converting to integers and
clipping to an allowed range after the inverse transform.
In an embodiment, this method includes: performing the
inverse quantization of the transform-coded data; performing
the inverse transform of the transform data thus produced,
such that the real-domain data produced are in the form of
high-precision values; processing these high-precision
values; performing the forward transform on the processed
high-precision values; 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

y new, quantized transform-domain data.

There is no requirement that the input data to the
methods described herein need come from a single data
source. Thus, this invention is not restricted to the .
real-domain processing of data from a single source, but
also applies to real-domain processing of data from multiple

sources, such as the merging of images or audio data.



that reduces the nunber of transformdata levels in a determnistic way
can be used with this invention. The quantization step has been desc#LQqu%
'mat hematically with a division in Equation (1). Actual. enbodi nents nay use
a |ookup table or a sequence of conparisons to achieve simlar results.

It is a further aspect of the invention tg provide apparatus, a conputer
product and an article of manufacture conprising a conputer usable nedi um
havi ng conputer readable program code neans enbodi ed therein for causing a
conputer to performthe nethods of the present invention. BRIEF

DESCRI PTI ON OF FI GURS Thsse igat istrhete objidoids it edieiress kansduadvast eges of
t he present invend ] beGa wielely) t he consi deration of
the foll owi ng det a%alquﬂdéer{stclrl pt :Bgnn of ﬁg} Jhven a}q{)ln&v%lenlnrl%%% ﬁff%@a

conj uncti on Wi tAPHE S IRH g andpadss sudhm aghiJREG .arkl GIPEg a) Tisene bl ocko

di agram show n sToTeN rm : i.nvernse transfor FIG 1(b) is
a bl ock diagr a%; S d(;i\?\cn't ng gg/hsattgﬁr{egrdﬂaggﬁa%rﬂn%%\#g b;en lllnr\gegar%é t'rahsTor nél G
2(a) is a bl ockhitadiegiiostfoviheg ramstthodf floran sdeood i degt 4 rlevsd bs i g ogled

data; FIG 2(b)ydisduilia6k di W ySt for. decoding
transf orm coded dat a;l . 4 JC?JL Ogggnist(k)b%ﬁ%%cg “?lsaqaetrb?flosckl%l\f%rb)?ﬁ%sho%%g a
net hod for theqqﬂﬂﬂlﬁﬁﬁnﬂn1xmnmé@$lﬁyaﬁ dersansifterdn et leemdt G a 1§ swatkl gck
di agram show ngy ;& B dPGd f Hquation (1). Actual embodiments may use a

lookup table or a sequence of comparisons to achieve similar
results.

It is a further aspect of the invention to provide
apparatus, a computer product and 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.

BRIEF DESCRIPTION OF FIGURES

These and other objects, features, and advantages of
the present invention will become apparent upon further
consideration of the following detailed description of the

invention when read in conjunction with the drawing figures,
in which:

L . FIG. 1(a) is a block diagram showing a method for
performing an inverse transform;

FIG. 1(b) is a block diagram showing a system for

performing an inverse transform;

FIG. 2(a) is a block diagram showing a method for -
decoding transform-coded data;

- ‘FIG. 2(b) is a block diagram showing a system'for
decoding transform-coded data:;



perform ng an inverse transformfollowed by a forward transform and
denonstrating the nulti-generation problem FIG 5 is a block diag[gp
'showi ng a nethod for decoding and re-encoding transform coded data, AWk 2005
denonstrating the nmulti-generation problem FIG 6 is a block diagram
showi ng a nethod for performng an inverse transtform real-donmain data
mani pul ation and a forward transform anghdenonstrating the

mul ti-generation problem FIG 7(a) is a block diagram showi ng a nmethod for
perform ng real -domai n processing of JPEG DCT-coded i mage data, which
exhibits the multi-Héherdaticom griolendidgGm Aiwirsy a hlatkodi B6F apmshow ng

a systemfor jperfo{ding, - -domj Cessi| of . JPEG DCT- coded i mage
data, which exhibits tE}leg1 rﬁ?ﬁﬁeﬂ:‘g%ﬁ{éfacﬁ gcnraﬁ}so%c%é%dﬁag. 8(a) gives the JPEG

exanpl e | um nance et igzatd i Fig 8(h). gives the JPEG exanple
chroni nance quantization n&??f%} E:éﬁ %%ki%?%i %iqﬁgh%iaﬁﬁie of how
real - domai n  rRSUHR Y Neh i e dunsee rssieg i farcefivtrre rifedriovien 88 &l ks coded
data; FIG 8(d)rdiss @ el quI .Qf w real.-domain truncation can
cause significant er ror'g%rdrfp?xeéﬁn% ocC aptc%ﬁ rEcoedé‘al At SR Dpdrraleny g
8(e) is a series ofpgraphs J 1] ystrati how real.-donmain clipping can cause
errors in one-dinengg%nalig a %ﬁoé% d%%gram showing a meéhoé)foéJdecodlng

_ and re-encoding transform-coded data, and demonstrating the

multi-generation problem;

FIG. 6 is a block diagram showing a method for
performing an inverse transform, real-domain data
manipulation and a forward transform, and demonstrating the
multi-generation problem;

FIG. 7(a) is a block diagram showing a method for
performing real-domain processing of JPEG DCT-coded image
data, which exhibits the multi-generation problem;

FIG. 7(b) is a block diagram showing a system for
performing real-domain processing of JPEG DCT-coded image

data, which exhibits the multi-generation problem;

Fig. 8(a) gives the JPEG example luminance quantization
matrix;

. Fig. 8(b) gives the JPEG example chrominance

quantization matrix;

FIG. 8(c) is a numerical example of how real-domain

rounding can cause significant errors in 8x8 block DCT coded
data;

FIG. 8(d) is a numerical example of how real-domain
truncation can cause significant errors in 8x8 block DCT
coded data;




di screte cosine transformcoded data; FIG 8(f) and FIG 8(g) are a
numeri cal exanpl e of how real-domain clipping can cause significant errors
in 8x8 block DCT coded data; FIG 9 is a bl ock di agram show ng a'MEﬂHQMM
performng,, nmultiple iterations of the process described in FIG 5, and
exhibiting the nulti-generation problem FIG 10:is a bl ock di agram show ng
a nethod for performng multiple iteratjons of real-domain mani pul ati ons,
and exhibiting the nulti-generation problem FIG 11(a) is a bl ock diagram
showi ng an exanple of a nethod for reduced-error processing of transform
data in accordanceFWeth8{Ré pseseneriimventi graphkGillhbbraksng Bback

di agr am show ngegf- e.ot a. systemfor reduced-error procéssing of
transformdata in gé@%? aﬁggp%fPﬁ the prEsEnFrFRYEBntPoRNCFAEmensignails a

bl ock di agram Shd%Fa§eafoskaapteant farmrebted fataperforning an inverse
transformfollowed by a forward transform such that this process is
| ossless in accordBh€e &i(fh ahd Pi@seAt g) nueat aonumEkGealéhhmpseach! apk

di agr am show ngeap- e~9t Q. sy m.fQr _performin n i nverse transform
fol lowed by a ?ormg§%ngaﬁg§8§ﬁ?as§%ﬁ ?ﬁﬁ?etﬁ%gnbf%sgg FELPBEsiBs§%Bn

accordance wi thloak PEBsendedindahaion; FIG 13(a) is a block di agram
showi ng an exanple of a nethod for perform ng real -domain mani pul ati on of
transform- 4 JUL 2B0&. 12 ﬂsdatalmbkhdieduamdstWDﬁgf@Im@MEddbyeﬁfBQEWQQQ

transformin multiple iterations of the process described in FIG. 5, and

exhibiting the multi-generation problemn;

FIG. 10 is a block diagram showing a method for
performing multiple iterations of real-domain manipulations,
and exhibiting the multi-generation problem; |

FIG. 1l(a) is a block diagram showing an example of a
method for reduced-error processing of transform data in
accordance with the present invention;

FIG. 11(b) is a block diagram showing an example of a
system for reduced-error processing of transform data in
accordance with the present invention;

FIG. 12(a) is a block diagram showing an example of a
method for performing an inverse transform followed by a
forward transform, such that this process is lossless in

accordance with the present invention;

FIG. 12(b) is a block diagram showing an example of a
system for performing an inverse transform followed by a
forward transform, such that this process is lossless in
accordance with the present invention;

_ :EIG. 13(a) is a block diagram showing an example of a
method for performing real-domain manipulation of transform




accordance with the present invention; FIG 13(b) is a bl ock diagram

showt ng an exanple of a systemfor performng real -domai n mani pul ati gn of
‘transform data with reduced error followed by a forward transformin4 JUL 2005
accordance with the present invention; FIG 14(a) is a block diagram

showi ng an exanple of a nethod for reduced-error -processing of
transformcoded data in accordance witt2 the present invention; FIG 14(b)
is a block diagram showi ng an exanple of a systemfor reduced-error
processi ng of transformcoded data in accordance with the present

i nvention; FI&la8g(yithsraduredkesragr Amdpbaingyan Eeamains dfrans fretotn

for decodi ng agds £agicedingn! EABSEOEILERISHARkAopsuCh That this process

is lossless in accordance w e present invention; FIG 15(b) is a

bl ock di agram showl agsan sxaIPLE Af plocky 8ESELLA s8CANG AUkl ENGORI 19
transformcoded data _such that this process”is |ossless in accordance with
the present |®YeheTohor Per fesangi sealpHerRisi Agndpudadiiony ofh texempf erof

a method for getfopntiAdrégal-dOBREB M2BIRULALI 85 Qf rolfans OJJH&OP&H? d?ﬁ?‘
with reduced error in accordance with the present invention; FIG 16(b) is

a bl ock di agr aRtSPBARAGE all ERakBRePEESENts}BVERLASON /per f or mi ng real - donai n
mani pul ation of transformcoded data with reduced error in accordance with
the present inventiBhG-413(R) 20052181prE dizgaRm $hewiinge i rdissgmam s hofhi ag

an exanpye method for reduced-error processing of transform-coded data

in accordance with the present invention;

FIG. 14(b) is a block diagram showing an example of a
system for reduced-error processing of transform-coded data

in accordance with the present invention;

FIG. 15(a) is a block diagram showing an ekample of a
method for decoding and re-encoding transform-coded data
such that this process is lossless in accordance with the

present invention;

FIG. 15(b) is a block diagram showing an example of a
system for decoding and re-encoding transform-coded data
such that this process is lossless in accordance with the

present invention;

FIG. 16(a) is a block diagram showing an example of a
method for performing real-domain manipulation of
transform-coded data with reduced error in accordance with

the present invention;

FIG. 16(b) is a block diagram showing an example of a
system for performing real-domain manipulation of
transform-coded data with reduced error in accordance with

the present invention;



enbodi mrent of a nethod for perform ng real -domain processing of JPEG coded
i mge data, such that undesired errors in the new transform coded dqt@4§@
‘reduced or elimnated in accordance with the present invention; FIG ( @
is a block diagram showi ng an exanple enbodi ment of a ‘system for
perform ng real -domain processing of JPEG—coded i-mage data, such that
undesired errors in the new transform cdded data are reduced or elininated
in accordance with the present invention; FIG 18(a) is a bl ock diagram
show ng an exanpl e %, a nethod for perfornlng multiple iterations of the
real -domai n  mani putaCi-ont 'd@) t#én@féﬂ@ﬁ@odedgdamaSWDMhngednce&aﬂﬁﬂgg,

wher e each it eeaboddmes tas fdgs ien .F ordance with the
present inventi FFG. 18(b) ﬁ%kﬂ%ﬁ fBE hggé%g%?éﬁoﬁfﬁ gﬁ“&%ﬁnﬁ%?%ﬁs%%ng

system f or perP%rﬁPﬁ& “feredplaapeedathonsuch thetr eabedamaiin e rr@RpYlALiQN

of transform cadedtdaha reirkh c r re each.iteration is as
described in FIG 16(b) |ﬁh gggggdgggg a?%hr?ﬁggpgegénFlFW%BﬁﬁﬁgnlnFIG

19(a) shows th@c§8ﬁ§38§8 Wik thanereeahtstiarenhgonpoi nt of FIG 8(c) using
t he hi gh precision nunbers as input to the forward transforminstead of
the rounded nunbers!*Fr Gl '15( b} SsholéockedsagraBx8hblionk Aumexheallest arting

point of FIG 8fHpdumeAg blReshkgbypreelsi n to the
forward transfornk%nstead ofathg FEﬁngg?e rgﬁg@rsé 9§?Ea89§€&? ?ﬁ@ﬁ@sﬁﬁég
u

same 8x8 bl ock®hulteFFcaPigtlepags dFta 8ugh)thatndndedidell 200544 iFl Gfe
19(d) shows thEeWUﬂEﬁhgabrmeééﬁéé yhen Lhe PULRULY oy eliminated in

accordance with the present invention;

FIG. 18(a) is a block diagram showing an example of a
method for performing multiple iterations of the real-domain
manipulation of transform-coded data with reduced error,
where each iteration is as described in FIG. l6(a) in

accordance with the present invention;

FIG. 18(b) is a block diagram showing an example of a
system for performing multiple iterations of the real-domain
manipulation of transform-coded data with reduced error,
where each iteration is as described in FIG. 16(b) in

accordance with the present invention:

FIG. 19(a) shows the same 8x8 block numerical starting
point of FIG. 8(c) using the high precision numbers as input
to the forward transform instead of the rounded numbers;

FIG. 19(b) shows the same 8x8 block numerical starting
point of FIG. 8(d) using the high precision numbers as input
to the forward transform instead of the truncated numbers;

FIG. 19(c) shows the same 8x8 block numerical steps as
FIG. 8(f); and



of the inverse DCT with rounding, but before clipping, is input to the
forward transform fol |l owed by quantizati on. PROBLEM | NTRODUCED BY REPEATED
‘DATA PROCESSI NG Thi's invention provides nmethods, systens, and conputéedUl 2005
products which reduce or elimnate errors introduced by the processing of
digital data. Firstly, the source of the error is analyzed and descri bed.
This is followed by a presentation of e invention concepts for error
reduction and elimnation. It is particularly noted that data
mani pul ati on and/ or cessing as enpl oyed here-to-before used digital
t'echni ques contaninéﬁgg ﬁﬁaéﬁeﬁﬁﬂﬂqrﬁh&inqmﬁﬁﬂﬁﬁkﬂHQﬁuﬁtiﬁwhﬂﬁ;&het$&iput
respective i nplogmenteatironeafe migiialn FRGESHNI- se. technj ques enp| oyed
for years are .rngD oq:[soi ﬁl e for an inability tgjnéu-rﬁq%eﬁfoo% ginaiPdida s
preci sion and theé contd TP rtaraingf cgm tfied lateal e priesemitd aigi dihe
phenonenon as nore processing is performed. This is particularly
detrinental when a process is perfornmed on data which contain errors
inparted on the_data by previous This results in the continued
i mpai r ment of BLEM, INTRORDUCESY &Yy REPENTED Dage ambdmssyNaisef ul as nore
and nore processes are perforned thereupon. The seriousness of the problem
T TEE NIt b et by M
o . pr d d 1 . ’ ..
steps are often shown with da§hey'%iﬁés%égﬁfgﬁ%ﬁo§é§9rﬁt¥Q§ﬁﬂ9HQEQJhM it
concepts of th&8THFESERNTI Rfenrtiivdnalare tasef Bl risn 1y, masie anyirdegidlipe
processi ng techreb@gdys and1dYq290 : r, e subs nt description
is mostly related to . % ' éés@9%%%%. &ﬁls 1s %%&iowed by a
presentation of the invention concepts for error reduction

PROBLE,

and elimination. It is particularly noted that data
manipulation and/or processing as employed here-to-before
used digital techniques contaminated by the continued
introducing of errors by the respective implementation of
digital processing. These techniques employed for years are
responsible for an inability to maintain original data
pPrecision and the continued deterioration of the data
representing the phenomenon as more processing is performed.
This is particularly detrimental when a process is performed
on data which contain errors imparted on the data by
previous processes. This results in the continued
impairment of the data which thereby becomes less and less

useful as more and more processes are performed thereupon.

The seriousness of the problem as realized by the
inventors of the present invention is described forthwith.
It is noted that in the figures presented herein, optional

steps are often shown with dashed lines and/or boxes.

;t is noted that the concepts of the present invention
are useful in almost any digital processing technology.



i mge data. This is because of the general availability and continued
usage of inmage data conpression standards which are enployed worl dw de.
‘These standards require the introduction into the digital data of-4HhgL 200
errors to be described and the continued enpl oynent and processing of the
error contam nated data. These standards basically teach away fromthe
present invention. Thus inmage technol ogyi1ss'a good exanple for describing
the present invention. Figure 1(a) shows an inverse transform nmethod 100.
Transforn}donaln data "A 110 are acted on by the inverse transform 120,
whi ch produces i &Weﬁwe5@§|§ﬂbﬁégwemél@edcrd@taohBQs e thiygh-r-acd $1Q0)

data 130 are coneget gdtho iphtigeder li pped, 140 to produce i nteger
real -domain data 150. In sone cgseggggﬁg |§?eggF FEPGEa Tu &R drility and

optionally sefiPPtdndgdoyspae @évﬂmeg@Gdatﬁlgumpré@bﬁo&h@wsdaaﬂdEM%ggéh

transform syst @iel@rplo @@n&%gr in 15 q4are acted on by the
i nverse transformerp g % pro ucersrgl |gh5598é &5 FeEXINEaltihed” dat a

135. The hi gh- 6p§ép§p5ﬁlgatan;g5tasedugpualtdatheoflmhég%&r%Q%VQ&IQﬁaand

clipper 145 todpkedueeqg a0 in data 15 sone cases, the
i nteger-valued data are opt?éﬁa%?@kﬁﬁgu FoPanygat u?n eVFOE ST S ddha

di spl ay nonitofrrart EPBFRrEiBAtsdt dabn. anTaadeosphayardstguﬁ&aZﬁﬁptﬁﬂgﬂﬁ a

met hod 200 for age o@keg thga stoLptc tized he integer
t ransf or m coded d%ta B' Bare ﬁ%vgﬂggnéggﬁtlzwﬁﬂ &ﬂﬂ'ﬂéﬂfi

wi th quanti zat P8R vﬁﬁﬁ@glﬁsfpﬁ EqaéribmngtheapoeeenThEnwe&uhanf t he
dequanti zing step may then be = 4 JUL 2005 16
Flgure 1(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
integers and clipped 140 to produce integer real-domain data
150. 1In some cases, the integer-valued data are optionally

sent to an output device 160.

Figure 1(b) shows an inverse transform system 105.
Transform-domain data ‘A’ 115 are acted on by the inverse
transformer 125, which produces high-precision real-valued
data 135. The high-precision data 135 are input to the
integer converter and clipper 145 to produce integer
real-domain data 155. In some cases, the integer-valued
data are optionally input to an output device 165 such as a

display monitor, a television set, or an audio player.

Figure 2(a) shows a method 200 for decoding
transform-coded (i.e. quantized) data. The integer
transform-coded data ‘B’ 210 are inverse quantized 220 (i.e.
dequantized) with quantization values as in Equation (2)
above. The result of the dequantizing step may then be



passed as input to the inverse transform 120, and decoding proceeds as in
Figure 1(a). Figure 2(b) shows a system 205 for decodi ng t r ansf or m~diogl#d2005
‘(i.e. quantized) data. The integer transformcoded data "B 215 are input
to the inverse quantizer 225 with quantization values as in Equation (2)
above. The result of the dequantizing stgg is passed as input to the

i nverse transforner 125, and decodi ng proCceeds as in Figure 1(b). One
aspect of the present invention is concerned with the mani pul ati on of both
transform data_and tyansform coded data. The words "mani pul ati on" and
"processi ng" aP&rsEd 25 ﬁW§W§h$ﬁg§@@IynwéﬁéﬁntrwhﬁfpmmaHQOD ary ke cemlgyed

in order to aghceMe R q}f%g ent n rqgglts For exanple, inmage data mist
often be processed before prlntlng by 'scaling and/or rotation. Data from

two sources can be RBIQs formed, in - keyi ng of inmages or
ni xi ng of audio datag%N%ngzp nan?%%latlgﬁtSP gg%a PE gFfeRiRgeded for

editing or coIGﬁa@@ﬁpémrﬁ@medSUQhenaquaukakeam @EtgranﬁﬁgrghQQF@rare of ten

performed on the in g ﬁ onal data_ which results fromthe transform
decodi ng of Flgure %% % EFO EFguPe 3ta)ara prBEEsEof bhemanivpulsat i on of

transform dat ag3@fitisershosn WAtk gULEB: g a, 450 upder go song
formof manipylation 310. |f %hlsqnanlga g?%ﬁngéiggéoes 1ot BPBg&SQ (2)

i nt eger out put 2°PNE - naﬁpﬁuﬁéﬁéétoeprhGSdunsnagaLng SOGpeikegaE@eunbggers
and clipped 32@nplhethesykt i t 3 tor
n? hﬂgergg ﬁggﬁsgg£ﬁe% 9% de@?geai%@glﬁgcﬁﬁ§éeﬁﬁé

transmtted, and optionally sent to an ou
stage 4 JUL 2088 in Flgure 1(b).

One aspect of the present invention is concerned with
the manipulation of both transform data and transform-coded
data. The words "manipulation” and “processing” are used
interchangeably herein. Manipulation may be employed in
order to achieve many different results. For exXample, image
data must often be processed before printing by scaling
and/or rotation. Data from two sources can be merged as is
performed in chroma-keying of images or mixing of audio
data. Manual manipulation of data is often needed for
editing or color correction. Such manipulation of transform
data are often performed on the integer real-domain data
which results from the transform decoding of Figure 1 (a)
and/or Figure 2(a).

A process for manipulation of transform data 300 is
shown in Figure 3. 1Integer data 150 undergo some form of
manipulation 310. If this manipulation 310 does not produce
integer output, the manipulated output 340 is again
converted to integers and clipped 320. The resulting
ipteger data 330 may be stored, transmitted, and/or

optionally sent to an output device 160. Because the stage



17 of clipping and converting to integers 140 is perfornmed before the
mani pul ati on whi ch accepts integer input 150, the resulting errors cause
‘the data output fromthe mani pulation 340 to contain at |east anT‘JULZM5
i naccuracies. It is noted that there is no requirenent in the data
mani pul ati on processes descri bed above, for the input data to cone
entirely fromone source. For exanple, ny types,. of data manipul ation
i nvolve the nerging of data fromtw or nore sources. This includes

mani pul ati ons sgch as mxing of audio data or nerging of inmages. The

processes il | udfrat&BPipg PH@ FPQMﬁéElaﬁdtdesnte@edsgénerablpe&g@&MEqualIy
" ut data" used for any of

wel | to such pypeseofnmaRk ys_i he
the processes descri bed nmay Hyhai%gg?lce £S5 ?? SbPECHRANIOREL AS®L, the
source. It is b¢fehting easershaauslat ahaf deta n@@tllputatt@ﬂ 8he mhRiBR1at

i s desirab that the process o

re-encoded to a rn1do

decodi ng and r%bgn%%dgﬁg aﬁﬂeﬁga%eﬁﬁﬁl%%?%%lb%a$%ub@¢i©$ned on the

real -donmai n dat a, ﬂ uld be lossless. That is, the data, when the forward
transform operatio u%%sn?ﬁﬁds%ﬂ%ttF%%§$o¥%1¢@p@e@@er@menh a8 the damwerse

Lransfor m t ypenatipuBasonnpopes atéonie shomberasybs 1o, exact Ly the same
transforn}dOHQ%g da ta as,was. present initially. However, errof §PHre a
y

i ntroduced b CUBRVePEH Rl Y t Br9Tht MR SOWRE cl | Ppi neramplhe abhgwegpeange

as is illustrafethia maglpel 4tidh Gme fvshays & eger ar 150, used
as input to tQ&¥% i d transform devi ce 410, %ggﬁﬁ%cggp %g%nFﬁagrtV8lﬁéd
data as i nput e 7esuft? ng ?+%u%ﬁ?ﬁ¥ﬁ?ﬁu%?n#9ul&Kﬁp@@eS@¢mfesemLxﬁhgnbf

the ori gi nal &U@Itsf@atmdaraneﬁglriglcbﬂ\mlﬁbé@fe e AR s £ 05 T he | DYBLEE 4
in the figures and described generally apply equally well to
such types of manipulation. Thus the “input data” used for
any of the processes described may in practice come from
more than one input source.

It is often the case that data after manipulation are
to be re-encoded to the transform 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. FiguTe 4 shows the integer déta
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



transform This is because the conversion to integers and - 4 JUL 2005 18
the clipping process 140 have introduced errors into the process. The
'probl em caused by the changes in data after each iteration, or =4 JUL 2005
"generation”, of this process is herein called the "nmulti-generation
problem. The nulti-generation problemi,g also ill.ustrated for
transformcoded data in Figure 5. Here the new transformdomain data 420
are quantized 510 to produce new transformcoded data Bl' 520. It is
inportant to realize that the quantized data can only change if the errors
produced are | &P§eflik@ingalpir ogeqeannioz ativen istepdu@edl 8)o@s2;dntd d
<0.5q; (3) mhgggcg IS tq%eerE%% %roduced in this transformcoefficient.
This is because each of the ZroP4tH| FHIFdaPHulPEprEasreshdn qadnt iazkitd on

val ue, since tReghhaterbédrnpr odutgdnbyadegyant bzakihgn ?§ogg5§qw§iﬁg}éfg.
Thus it is advgggﬁggogﬁe Lg gentrol thg,errors so that they are
sufficiently small. en the &r PoPET4FECBUPFPRILER 'y smali, the new

t ransf or m coded dat§hgjhhlgg_exactlg.the sage as the orLginaI

transform coded data. The maxpmin posSPbPECR! FBr 15| ALEGdudd sy atthal for
conversion to Fheegépsmbyoredndabg ia hakfiret be epkok kRLrgdyced by

truncating durj conversion. -Figure 6 shows a case wnerein image
mani pul ation iEPQB%EEEPngamBHHtH@tﬂaﬂgoaﬁaetﬁ§aﬁééaﬁﬁiﬁéonbdipkedud@tamﬁJe

then re-transforardrbagkcb@etingat s angt or omaip. . The integer data 150 ‘are
mani pul at ed as,_was shown ineFigare 3to g%gbdugg ﬁgmﬁpﬁ?ﬁéﬁﬁgvﬁpuéﬁa&éﬁé
610. These neth?EtEB%rqVéPEéae@a@®t61©aar@nhsedhasgehefiﬁpatekgogge

forward produced are larger than half a quantization step:

Q(/l,“f‘g):Q(li) if |8| <0.5qi (3)
where ¢ is the error produced in this transform coefficient.

This is because each of the 1 is already a multiple of the
quantization value, since ﬁhey have been produced by
dequantization as in Equation (2). Thus it is advantageous
to control the errors so that they are sufficiently small.
When the errors are sufficiently small, the new
transform-coded data will be exactly the 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



transform 410 to produce new transformdata ~A2' 620. The fact that the
procéess descri bed above without any 4 JUL 2005 19 mani pul ati on produces
‘changes in the transformdata 110 shows that when mani.pul ation ig4
performed there are undesired changes in the transformdata 110 in JUL 2005
addition to those which result fromthe @esired mani pul ati on. An exanpl e
of a nethod which enbodi es the process shbwn in Figure 6, is shown in
Figure 7(a). The method 700 illustrated perforns real -donmai n mani pul ation
on coded data such as JPEG coded i mage data. The coded data "C 710 are
entropy decodeB®R2BUlGkieR PEodutpAedhpbgedPES thdedrdatdorm dafte IREG

standard. The gR&OPYHIEC S : conpresse th ta into quantized
DCT coefficients. These qﬁgﬁFiggglgégggi?gieﬁtge5?8rWﬁ§egg§rﬁuéﬁ@ized 730

and passed to W%@esinQ@erahgaﬂsinrﬂhembkahsEarthStéy&lﬁnhhsab@ﬁtion(E%
ata

t wo- di nensi on i se 740. The resulting real-valued image
are rounded tg&?ﬁgggggggénﬁe%ﬁiﬁpgﬂom7 pet deFhEedl FaReRYLakden(e. g.

[0, 255]) to produce, i -valued i data 754 in the allowed range. If

it is necessary to s oa%gﬁéiﬁa? %e@SEEgSnﬂR?%ﬁI%FPBﬁ}eﬁth@xﬁﬁﬁP@Swh@momhe

i mage nani pul athohigsrane, i hsesA6ihVenpProgess, 71he i nage ﬁ@ghggggegally be
e to

sent to a dizgtfg devhc& 758, The inage I's then mani pul at
produce sone U ehatgRer fpraper padufiemadinthenipahk pubat boncbded data

o 0T, ko e g O OIS BT e,

agai n be. di spl ¥yeCry58ecatied nddd r eahidonks ndé fhged dasa FPEGar6apasagdat 9n

the : the JPEG standard. The entropy decode step 720 decompresses
the data into quantized DCT coefficients. These quantized
coefficients are inverse quantized 730 and passed to the
inverse transform, which in this system is the
two-dimensional 8x8 inverse DCT 740. The resulting
realfvalued image data are rounded to intégers and clipped

750 to the allowed range (e.g. [0,255]) to produce

integer-valued image data 754 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 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



forward DCT 776 and the resulting DCT coefficients are quantized 780 to
produce new quanti zed DCT coefficients 784. These coefficients 784 are

‘then entropy encoded 788 to 4 JUL 2005 20 produce new coded data ‘C]'-ﬂQQL2m5
which are different fromthe original coded data "C 710. Now the new

coded data "C' 792 incorporates not onby the desired changes made to the

i mage by the inmage mani pul ation 762, but also the errors resulting from

the converting and clipping stages 750 and 768. It would be advant ageous

to elimnate or reduce these errors. An exanple of a system which enbodies
the process shBRi“UFR PEYuFeded datsho®A’i A9RI ghieh? ke, JEHE SASHEN Q5 the

perforns real - deRBk A5 AR| at,Lon qQpn,c d data. The coded data "C 715
are input to themgnt?opgbgggogé?a72g, aﬂﬁch NeW §Bfi ReYW FeFedPEGteodytl ‘dat a

in the JPEG st dR@aldcoTheraentr apy d8¢9denc7d8s4¢6qMpK data .into
guanti zed DCT .coeff%cientsﬂ These quagtized cgefficieﬁﬁgggr@gﬁﬁp ° {9 he
i nverse quantiz8t9938Yahact hBagat Banipusssdono76Be bnverieo thanshalgrey

which in this systheaihs & t wo- dj Lonal 8x inverse DCT-er 745. The
resul ting real -val ued ?naggmdgﬁg hgﬁgg%ggﬁaeangoC#ﬁPBQEBSS&ﬁéeélWéﬁb@NIBS

(e.g. to the rafBe [0, @E6]) be prodticestoueges- vakued.tange data 159,101,
the allowed rgpggrslf it is necessary to show the data before
mani pul ation, for éxanple when the inmage manipulation is an interactive,
process, the inage_&gneggtiﬁnally be sent to a display 763. The image i's
operated on by a mani pul atlorc787 2t 3y preurlisenembediredtbhapgecelsh shewn

result of the in Figure 6, is shown in Figure 7(b). The system 705
performs real-domain manipulation on coded data. The coded
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 decompresses the data into quantized DCT
coefficients. These quantized'coefficients are input to the
inverse quantizer 735 and the output passed to the inverse
transformer, which in this system is the two-dimensional 8x8
inverse DCT-er 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 dafa 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



mani pul ation i s non-integer data then the image data nay be passed to
anot her integer converter and clipper 773. In this way the image data 777
'may again be displayed 763. The new real -donmain image data 777 are” paké 005
to the forward - 4 JUL 2005 21 DCT-er 781 and the resulting DCT
coefficients are input to the quantize% 785 to produce new quantized DCT
coefficients 789. These coefficients 7 b are then input to the entropy
encoder 793 to produce new coded data 'd' 797 which are different from
the original ¢ 1 datg “C 715. Now the new coded data 'C' 797
i ncor porates not™ oril'y tHe Aekithed reshdrigey Mide coe fitie iiarage dye tieoh fRgE
mani pul at or 76 &hdtgi it 1 rrqrs, resulting fromthe integer
converter and cli tgp;febrnstl%e%oaﬁ#ﬁ&prﬁdéﬁﬁen§’(’”a)q v ah @ CIPEG efEihpl ent s
| uni nance quarft8i9zat iTore swatadet f304 s 369 RCE |t%@nn§%§%tblt%cﬁ—i Fi gur e
8(b) gives theé%g%g exgg%he chrom nance quanti zation trix £ fDr-gY
DCT chroni nance b1°0¢Ks. &% PEICESE ngarededt deravalcle i1 TFigiireh 8(@e i S
10. The snal | esti f F@uamRtt gt al I i gure 8(b) i 7...Since the
maxi num possi bl e error frgﬁfﬁgén ?ﬁ&lﬁéﬁogngSrgégéhSS% 84 5sanpias, the Heew
| argest error I°RYeHRe daitquantli z8@7f dnwargotearst abm o606l finei el fJpm
conversion to %ﬂ%gggrs o} rg§ngbng_is 4 (shown in Figure 8(c)) for JPEG
tion S

For the quantiza > Mare FowlaPR PYgtiPesiBeay madigUBbytohi 965 zayt

error is |essallkanthal trebral kegfiithagvalugscand; will di sappear during
quanti zati on. F?mever, for higheﬂualitg appﬁi%ggiéﬁgegggc Oﬁgeﬁﬁgﬁ e
printing or di girttRPe&fudre eapt 7

much smaller. In sonme cases,
Figure 8(a) shows the JPEG example luminance

8. the quantization matrix values are

quantization matrix 804 for 8x8 DCT luminance blocks. Figure
8(b) gives the JPEG example chrominance quantization matrix
814 for 8x8 DCT chrominance blocks. The smallest
quantization value in Figure 8(a) is 10. The smallest
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 JPEG. 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 quality 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 unquantizéd forward transform coefficients. For the



the DC (upper left corner) termis as small as 1 to preserve maxi nmum

qual i'ty. Then the rounding errors are significant. The maxi num possi bléeJUL 2005
‘error fromtruncating is just wunder 1 for each sanple.. This al nost doubl es
the error in the unquantized forward transform coefficients. For the 4 JUL
2005 22 quantization matrix in Figure 8(&) eight quantization values are
smal | enough for this error to potentially change the transform coded

data. A nunerical exanple showing the nulti-generation problemis given in
Fi gure 8(c). In thls exanple the transformused is the 8x8 DCT as used in

the JPEG stil| IUPREd&atdmpr 8editdi snamdande A (8¢t ediyhitr anshenP-dans Nalues
coefficients 832e ehawhi &h onhy e e _const

non- zero, are operated on Oy@fhg%?nvéﬁge rans SrPP%FBQCP&&Mcéh@WQﬁ ddle of
real - domai n dat&a3884°rycedies dase. the data consist of 64 val ues which are
all equal to 128.5. Note that the JPEG |l evel shift of 128 for 8 bit data
has been appli ed. ?h@umééPCéénawanQEasaoalngundedmhmt&hgen@@g%g%h

integers 826, phbBhemnikhig S hat ach ue is rounded up to
129. The forward trgns%or§1y§ﬁtﬁg ﬁgﬁr% g C FBd%EéSnEﬁFFPéﬁsﬁéﬁn}donain

coefficients 8 éanFFOEQnuﬁédséénthhaﬁ Bh@CTeeaIUEeg newtheanster @111

coefficients 8@R8gareofmi g@gghgﬁn erent f om.the initial transform
coefficients 822. This Ps a %§¥ﬁgégélragle %egﬁlEra?ﬁﬁgr@xgﬁﬁﬁénalso

applies to tr anSFbF hedsaba 3&?a pf whhehDenfyanhezathencyaktgnts st pko 1,

2, or 4. Then then)tianghar ef ients 82 produced from
transf orm coded val ues 0%9 QEEQ LL% ?Egﬁgg?év%PybyTﬁ%e inverse transform
to produce an block of real-domain data 824. In this case

the data consist of 64 values which are all equal to 128.5,
Note that the JPEG level shift of 128 for 8 bit data has
been applied. The real-domain data are rounded to the
nearest integers 826, which in this case means that each
value is rounded up to 129. The forward transform is then
applied to produce new transform-domain coefficients 828,

It can be 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 quantized values to 2, 4, or 8
respectively.

Another numerical example showing the multi-generation

p:oblem is given in Figure 8(d). Again the transform used



quanti zation of the new transform coefficients 828 would change the
resul'ting DC quanti zed values to 2, 4, or 8 respectively. Another

nuneri cal exanple showing the multi-generation problemis given in Fi dULJW5
8(d). Again the transformused - 4 JUL 2005 23 is the 8x8 DCT as used in

the JPEG still image conpression standggd. A set -of transform donain
coefficients 832, of which only one (the constant, or DC, term is
non-zero, are operated on by the inverse transformto produce a bl ock of
real - domai n dat.a g%é. In this case the data consist of 64 values which are
all equal to 128 ERi6t dtThats e ) BEG t Hee VHEGS itfitl 10fi mbdfe fsm$diidi st a

has been appliedantigq.re i aare truncated to the nearest
i ntegers 836, whi ch in t%\l ss(égcggefnr%%k’s et R &y AR S0%d 1S eadic B2 .0 dDs.

The forward tr&Rdfdr @nily men (apel IC@dlStt@.nmr oduc e eWe ri)ansf YJR-IUWI N . o

coefficients 83 a n that the resulting new transform
coefficients 83%egﬁgegi%n|$|cgﬁtlﬂnvﬁFFFeFéﬁpsﬁPéﬁigﬁeﬁrﬁﬁHQﬁ a rearsflorat

coefficients 832a1THpma1msdatblghMy un@e%h&@bbgsge%gltda%gvb@%éi ru%rgged
the errors caugggug% domai n roundln% or truncating when conver ingto
i ntegers, we now Show ﬁ&ﬁ PE8l 2ddmaiaNadl tepitR§ - 848 -cadiod eetharts .tHe glums

8(e) shows anlexa&pbeldt beanzdomamn8cbh@puaga85gs Fhics g gqa%%' es the
one- dlnen5|onak U |Ilg %rate the problem Figure 8( ? shows a bar |
chart 854 disp ay|n8 gﬁénb 8ER 8f€ 8598C3§6ﬁ5ﬁ§t¢hg Oﬁaeeghtlnam@beg ] )

data di spl ayedwhasn 9l ¥ntwof, g ongahs, fugonst ant, of

conponent which is indicated E ﬁ %o?g ??ﬁ% V%ﬁﬁeaﬁsaFFgPﬁﬁglﬁ@ 128.
The forward transform is then applied to produce new
transform-domain coefficients 838. It can be seen that the
resulting new transform coefficients 838 are significantly

different from the initial transform coefficients 832. This

is a highly undesirable result.

Having demonstrated the errors caused by 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 1nd1cated 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- prec1510n values. When quantization is performed,

these DCT coefficients are rounded to the nearest



or AC, conmponent which gives an alternating wave pattern symmetrical about
the dotted line. The magni tudes of these conponents, nanely the regpﬁfftzinoée
'DCT coefficients, are high-precision values. Wen quantization is
performed, these DCT coefficients are rounded to the nearest 4 JUL 2005 24
quantization |l evel. The data after trangformdonai-n quantization are shown
in the bar chart 858. In the exanple shown, the DC coefficient has a smal
guanti zati on value and so quantization does not change the DC | evel
significantly. Th%.AC coefficient shown has a | arge quantization val ue and
so is changed FHgRI“f2A&ACHY Leyeduantliheatiadn. afities dxampife roshons tthe AC

conponent al nogtiadeublhirRg i.tude d t quanti zati on. These
quanti zati on vgl Ues refl ect ?r}%ﬁ%ﬂo&iﬁaﬁp g,%et %&re C%‘?é& %/trrfgn cadfprdssisigmple

chromi nance i nBgewBat &he PRusoeli¢ idatatr epseseniad 1akhiahtquantizatjan haye,
a

parts ‘which haye | val ues. This shows how transformdonaln a5
whi ch, after i gggﬁgégfl%r%mgﬁ S 8P&e0?’8&9-ed6 i RC Aeystli va gvdlfiesnddry be

produced by orTBEndf realffdoimnh dabam waisch dar@@tq@gﬁ%ﬁ%ﬂt@%&@%&§§§ q
val ues. Bar chagt ;862§ gg@ th n?@&a rﬁduged«fronxthat in chart ater
real -domai n clipping. Those nega Y ag& ¥sOYoflUpRE1EaSf OBat a Thave eeap e
changed to 0. Yhp9srébal 86 ampphenbCatoebti abepliak &hemgahﬁthﬁ%r%%%iQ%

al ue

and hence | eadsu4gtie bei Lptr ed.  Because the quantization val
for the DC cg%?fic%e%?9§2°geﬂg?ggl9Bgﬁ§FF?t%ﬁg ¥?$BFSi§e¢é?§§f érsugh to

cause a Changee¥%mp%@fquﬁﬁEzgaedaWheascgmpeasbmngEquathHaﬁék-imI%efH%EQQr

illTustrate theT§@§St9é|&5¥a0£eﬁ£égénted after quantization have parts
which have negative values. This shows how transform~-domain
data which, after inverse transforming, give real-domain

negative values can be produced by original real-domain data
which do not contain negative values.

Bar chart 862 shows the data produced from that in
chart 858 after real-domain clipping. Those negative parts
of the real data have been changed to 0. This results in
the DC coefficient of the data increasing and hence leads to
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



i ntroduced by real -domain clipping, a nunerical exanple 870 is shown in

Figures 8(f) and 8(g). This exanple enploys the systen1i||ustrated_4n
Figure 5. This exanpl e uses the two-dinensional 8x8 DCT as used for JUL 2005
transformcoding of inmmges to illustrate the probl em described above. The

initial quantized DCT coefficients are sﬂgmn in matrix 874. Al but two of
the coefficients are 0; the two non-zero 4 JUL 2005 25 coefficients are the
DC coefficient and one high-frequency coefficient. The coefficients, after

dequanti zi ng usi he ntizat.i o trix. sho in Figure 8(a), are shown
in matrix 878. efr%t eerg%l%vée?%gtrﬁ:;bﬁcﬂfe{@tﬁ%%v& G rfg?e highmisrerys ey a
and the |evel siigifiofieps. adbted,coetiidiaint s aref o 28 SMud thyg the
matrix 882. Th%vﬂﬁh%.ea?ﬂp in_ matrix 882 have al ready been rounded to
i ntegers but have seh W Hope FRY A HigiE ilfge. ake cdipve Jseen

that " these realatdalb 67e) udmapuarali NROAY YRV aldIGR, ALEL &l 10pI N, L he

real data 882 produce clipped real data as shown | ata
are identical tdF@sfosemta tatat tducH evegatshief tvalfud dsasicderen nepl et Dy

Founded transt o BAS 500 T4 LR e BB T CPe R S SFOrR et o are

significantly diaftfirare®8 tomd ke quewi olen tioanefor Mata &8s WIRN have

B2, mew T ragSRoRRTIbaad R SS0A Tt ISFUCEdSSThe TSN iafy = Shangee | n

the transform ddes caredlardge enoigluded spredEae nehanges val ddie  after

? ;23?: f)r m COde% lq%tpq.n%f,t Gf:rheq ur%%tll Zc:iaa.ttla0 r33'82-I-r}]>|rsodlusc ea chlli%?yle%l lig%(is Idra?:t;l eas
shown in matrix 886. These data are identical to 882 except
that each negative value has been replaced by 0. The
forward DCT is then applied to the real-domain data to give
new rounded transform data 890. It can be seen that the new
transform data are significantly different from the previous
transform data 878. When quantization is performed using
the quantization matrix shown in Figure 8(a), new
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,
manibulation 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
significant degradation of the data. It is realized that the

foregoing are only representative examples of errors




In many situations, the process of decoding, nmanipulation and re-encoding
of data needs to be done nultiple tines. In these situations each
‘iteration of this process is referred to as a "generation". The e'r4r 15 2005
descri bed above, caused by converting to integers and clipping to an

all owed range in the real dommin, accunul age as nmultiple iterations are
performed and may result in significant degradation of the data. It is
realized that the foregoing are only representative exanples of errors - 4

JUL 2005 26 inix@ Vi 1,0 ' or, truncatin and/ or clipping. O her
exanmpl es havin nggggg?gl%gsy§§%§2n§e§8Fo éHHS?Eg%Séséng@I TR ppriotd.em i s

usual |y even WOFRer f okximpl ag hmVithﬁorgeaeraéb@nérQBrd@%Q@h%%e%P%ée
re-encoding as,showyyin Figure 9. Initial transformcoded data 910 is
dequanti zed and 1 nverse transformed 920, converted to integers and cli pped
to an al |l owed ranger er-val ued real-domain data 940.

duce int
The real -domain dataggg%fg?géﬁaggeﬁsu?gQYh%V?BrVﬁFaet?Qﬁépwﬂﬁgamdlqa@ﬁEized
950 to give nedfneranséws ne Lodecodahq akl' r@60ncdhifgWagl §nBIACESS i% re
iterated seveggldféfgﬁg_ and affer some number ‘n’ of ~ iterations the i Fal
transform coded data ~+n r@?ﬁg?%m‘%?ﬁﬁ@c%@?aBe@@hs%lgflérd@qgahMieadha&Hep
the final datanveme %hm@yohgeyesyodi £t r original data. A
case -showi ng the problen1sid%ificantly mo?ggﬁgﬁédgg]iggeﬂﬁf i pid clipped

generati ons oft% &4} -dorRiver gl 239 oo gproduansi otayeededidata i s shown

in Figure 10. Jdyjadgitd t steps sho in Figure 9, sonme form of

mani pul at i on’ 310 A dfa Jfb. eCphe rea —domalg data 940 are passed
to the forward transform and quantized 950 to give new
transform-coded data ‘D1’ 960. This whole process is
iterated several times, and after some number ‘n’ of
iterations the final transform-coded data ‘Dn’ 970 is
produced. Because of errors in each step the final data

‘Dn’ 970 may be very different from the original data.

A case showing the problem significantly worsened due
to multiple generations of real-domain manipulation of
transform-coded data is shown in Figure 10. In addition to
the steps shown in Figure 9, some form of manipulation 310

- 1s performed on the real-domain data, followed by converting
to integers and clipping 320. After the forward transform
and guantization, the resulting quantized 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




is performed on the real -domain data, followed by converting to integers
and clipping 320. After the forward transform and quantization, the=-4 jy 2005
resulting quantized transform coefficients 1010 containh sone error as iIn
Figure 5. After '-n'-- generations, -the -final transform quantized
coefficients 1020 nay have quite |arge jgyndesired -errors. DETAI LED

DESGCRI PTION OF THE | NVENTION - 4 JUL 2005 27 An exanpl e enbodi nent of a

nmet hod for processing transformdata with reduced error 1100 is

illustrated in Figure . Iransformdata "A 110 are passed through an
i iverse transform 1 %&%5%8u%%b%$b%§%Fe%%s?oﬁeFﬁaﬂ-é@ﬁapﬁocdaﬁénQBO, as

in Figure 1(a)trddisférmnsdaesesseryréQuoassSethgr 1eah- donai L9 an
out put device 160 which takes integer-val ued fnput, orn?%magﬁéggfé 1n

i nt eger - val ued® H3#5® befdl e nBrepafarnomatar ‘Ahylbe herer passead theosyepsnof

converting to int S L.bpj to an allowed range 140 is done before

mani pul ati on mﬁtH%%%ga%?%%??%%Qﬁ%ggh?%hprﬁg%%?s'hﬁhfﬁ PeHBhannreat adompan

desi red nani pulata dh3A110s Of Ei@uf@aitgpnaiﬁfdgﬁaigsn@@égggpzdtgsbggsathe
ces

met hod which accepts hjgh-precision data as input and produ
hi gh- preci si o Tt M3 o33 bt prutan PP wardewl e i 60 wetbbdtakas perf or ms

conceptual ly tfﬁtégﬁ@L¢gfﬁ@§si n he ni pul ati o n
i ntegers 310 described above ﬁ%gn%iﬁ%?gxégﬁ%ﬁ?ﬁi%%r%?e%g?ﬁsY% Hegngata
hi gh- pr eci si oWt MN1RY1a6iomecles aryy totpassr ¢heomantipe| stegs of

o 1o generat e | e el Ued Rt s STor e Al arT o 15 ParpA Erhér 140

reason, the stiehyte domiare i manimiatt sgersi Gincuit affecting the high
precision real-domain data. The desired manipulation 1110
of the real-domain data is performed using a method which
accepts high~precision data as input and produces
high~precision data 1120 as output. This manipulation
method 1110 performs conceptually the same processing on the
data as the manipulation on integers 310 described above in
Figure 3, but operates instead on high-precision data. 1If
it is necessary to pass the manipulated real-domain data to
an output device 160 which takes integer-valued input, or to
generate integer-valued data after manipulation for any
other reason, the steps of converting to integers and
clipping to an allowed range 140 are done after manipulation

without affecting the high precision of the processed data.

. An example embodiment of a system for processing
transform data with reduced error 1105 in accordance with
the present invention is illustrated in Figure il(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). If it is necessary to pass the

3



clipping to an allowed range 140 are done after mani pul ation w thout

af fecting the high precision of the processed data. An exanpl e enbodi nent
‘of a systemfor processing transformdata wth reduced error 1105 imJULZWS
accordance with the present invention is illustrated in Figure 11(b).
Transformdata A 115 are passed through an inverse transformer 125 to
produce high-precision real-domain data 2835, as in Figure 1(b). If it is
necessary to pass the 4 JUL 2005 28 real -domain data to an out put device
165 whi ch takes '_nctle er-val ued input, or to generate integer-valued data
bef ore mani pulﬁ??jOn ?rg?l%n%"b? heP #RaSBRPUENdeViRERgRFS whAvhr tekeand

clipper 145 opgfité@sr-bef Dheq "R Ry abjo ' af ing. the hiah
preci si on real-dgngfﬂ data._ The naﬁ%%u?%t%%B%gﬁgeo%éﬁgbég XﬁEPﬁg data
real - domai n deR &t XEe R HULAEbp pfeti ahvnothen Bsasnput thadiptedeci ng

hi gh- preci si on-ogkad A S . [ L pul r 1115 perforns
conceptual |y tﬁ% sangé%%%ggs%?ﬁ%B%% %%2 %%?gggggt%%%oﬁ%nWBﬁﬁgP'BﬁlBH
integers 310 desErewed bboveing Bigunegd, proéut sbper ates-doaheaddaRa. The

hi gh-precisio Lt necessary to_pass the mani pul ated _
real - domai n dthl%?%@naAn{O%ujfjpﬁ? %%%%%‘geia%nmﬁg%hr?% égo?‘ﬁ%gggii-WaPGéprCﬁ@@t,
or to generaﬂeighﬁpxﬁniwﬁdmeﬂaﬂﬁtasaiﬁ§Mtn@ﬂ&pyf@&h@ﬂnéOﬁi§H¥pr%EQ§Fon
reason, the |Q$e erkﬁﬁﬂverter and clipper 145 operates “aftéer manipulatipn
wit hout affectihy t iYh Predsi ontlols naRiprbeeesellynt per Anrazanpl e ‘of

an enbodi Ment a¥nddep EBENnd WA | OfocelBL oY 09 @ndeabed Lor cperf ormi ng

inverse transformfollowed by forward transform steps Ors ilTlustrated

in Figure manipulation on’integers 310 described above in Figure 3,
but operates instead on high-precision data. If it is
necessary to pass the manipulated real-domain data to an
output device 165 which takes integer-valued input, or to
generate integer-valued data after manipulation for any
other reason, the integer converter and clipper 145 operates

after manipulation without affecting the high precision of
the processed data.

An example of an embodiment of the present invention
employing a method for performing inverse transform followed
by forward transform steps 1200 is illustrated in Figure
12(a). Transform data ‘A’ 110 are passed through an inverse
transform 120 to produce high-precision real-domain data
130, as in Figure 1l(a). If it is necessary to pass the

) . _ real-domain data to an output device 160 which takes
integer-valued input, or to generate integer-valued data for
any other reason, the steps of converting to integers and
clipping to an allowed range 140 are done without affecting
thehh}gh precision real-domain data. The high precision

data 130 is used as input to the forward transform 1210,



12(a). Transformdata "A 110 are passed through an inverse transform 120
to produce high-precision real-domin data 130, as in Figure 1(53,).‘,/{’}{‘:c hst
‘i's necessary to pass the real-domain data to an output device 16(§ @
takes integer-valued input, or to generate integer-valued data for any
ot her reason, the steps of converting tg integers-and clipping to an

al | owed range 140 are done w thout affe Pi ng the-high precision

real -domain data. The high precision data 130 is used as input to the

forward transf@{ivlZlQyese & Y 2 i ch accepts real -val ued data as
iTiput. The resulti ng terpans';sfrc])%gr_% oﬁgﬁo‘gue(iéx\g]tlazﬁa]r YYentTRal resulhang

ariginal trarsformicat datd WD a2 awss e ddret i aput cd 0t1§890£9¥§¥1%g

transform 120 ,if_ th for%d transform 1210 is the transpose o
e

i nverse transforthsi Hde t'orlst & rdia Gho Rl S g-mdinee t pbd nghar enwer se

present in thet4o9ed 8 MARt 8 AR - ¢, r d tran 1210 wi |l produce
different transformdata A%Ca*}f %Zofc\)/é}gangag %I}seéroerﬁ? s];%#(gnvajr?i thansFarapprse
used. This aldfovi & dniviessi ot trotafeem taiamns o o fhwosit £ e £66888nkr 9l
roundi ng and cdjiippiing, bel i,h the.forward rans%/?orm‘in ut. "An
exanpl e of an enji%gjdliq?fjent %%ﬁ?ﬁer%esnetnth ﬁcv enttiroaﬁlS%?Wo Ty aAggstgﬁﬁwith
an inverse tradmsforvert faold owed 1810 frorManst ddwns for mesr 205t § snk kb st patgd

in Figure 12(b),,, Tr formdata ~A 115 are passed through an inverse
transformer 125% o-lip%a%)csi rhiaghflpfrfeectieé}torﬁqré&n%mnﬁwna i938seds iAhis

Figure 1(b). ldfllidws sd18eassany da Rass dhg s f&als denmid,d to.an, output
devi ce 165 which tdakes i te%er-_val ued i nput, or St,o genera?%ﬁ?n Jéfgcélf?v%gﬁg‘d
data for rounding and clipping being present in the forward transform

input.

An example of an embodiment of the present invention
employing a system with an inverse transformer followed by
forward transformer 1205 is illustrated in Figure 12 (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). If it is necessary to pass the
real-domain data to an output device 165 which takes
integer-valued input, -or to generate inﬁeger~valued data for
any other reason, the integer converter and.clipper 145
operates without affecting the high precision real-domain
data 135. The high precision data 135 are used as input to
the forward transform 1215, which accepts real-valued data
as input. The resulting transform data ‘A3’ 1225 are
identical to the original transform data ‘A’ 115 which were
the input to the inverse transformer 125 if the forward
transformer 1215 implements the transpose of the inverse
transform since the errors from rounding and clipping are

not present in the transform data ‘A3’. The forward



any other reason, the integer converter and clipper 145 operates w thout
affecting the high precision real-domain data 135. The high precision data
135 are used as input to the forward transform 1215, which accept34 JUL 2005
real -valued data as input. The resulting transformdata ~A3" 1225 are
identical to the original transformdata A 115 which were the input to
the:i nverse transformer 125 if the forwaf@d transformer 1215 inplenents the
transpose of the inverse transformsince the errors fromrounding and
clipping are RQL Rresent i rzthe transformdata "~ A3'. The forward 4 JUL
2005 30 transforier T215 WwitdldpMidde ®IRdicer st fieramds drmrdetard A ta 1235

when a different2Bokmid o IASf YIRS 4 + El e 13(a) shows a nethod
for performng real -domain naﬁ?pu ag#%ﬁgﬁipgﬁﬁﬁgﬁgﬁﬂﬁﬁﬂ¥f\M%qgfeduced

error 1300. This ey d g far xt endi ng .t he met hod 1100 descri bed
in Figure 11(a). Inlgﬁﬁé caé%)nﬁﬁggﬁiéhpﬁF QQSFSE Patd X Greea baderadias

input to a forRaPdPILaRslor mfl21anstfoch daeaptsin Hiégifm-crébe@%iooﬁ PR A ;
input, to prodyce new.tr nsfo% data ~A4' 1310 wi t hout roundi ng ‘and/ or 1S
clipping errors. Elgure 3B s RIwS *& eagld ngmither mpdiher Hl9Y rdeed crliored nin

mani pul ati on ofitnaesfiarmdata whih rgduce rror.1305. .This thod is
formed by extending the systen11165 descfiggg ﬁ%ghF g&F Sff@bfgﬁ¥% 1IqQ are
case, - the hi ghPPPEEFsPEN 18R L1028 dpewapdssednasoiriput 100 v iy Wl o o .

transforner 12 ' t hi gh-precision data as input, to produce
neM/transforn1%ggghbg%£&%%§§58ﬁfﬁh%ﬁt PBthiﬁﬁ BRAABFec heppitAg rerfraoms . dak a

method for perf8ffhi hglpeatitdomsi Boumaipyl ahiipprok1ippansf ermgeded data
with reduced error is illustrated in )

Figure 13(b) shows a system for performing real-domain

manipulation of transform data with reduced error 1305. This
method is formed by extending the system 1105 described in
Figure 11(b). In this case, the high-precision data 1125 are
passed as input to a forward transformer 1215 which accepts
high-precision data as input, to produce new transform data

‘A4’ 1315 without rounding and/or clipping errors.

A method for performing real-domain manipulation of

transform-coded data with reduced error is illustrated in
Figure 14 (a). Figure 14 (a) shows integer transform-coded
data ‘B’ 210 are dequantized 220 and the output passed
through an inverse transform 120 to produce high—precision
real-domain data 130, as in Figure 2(a). If it is necessary
to pass the real-domain data 130 to an output device 160
which takes integer-valued input, or to generate
integer—valued_data 150 before manipulation for any other
reason, the steps of converting to integers and clipping to
an ‘allowed range 140 are done before manipulation without

affecting the high precision real-domain data 130. The



Figure 14(a). Figure 14(a) shows integer transformcoded data B 210 are
dequanti zed 220 and the output passed through an inverse transforrqﬁogﬂhé)
‘produce hi gh-precision real-domain data 130, as in Figure 2(a)

necessary to pass the real-domain data 130 to an out put device 160 which
takes integer-valued input, or to generate integer-valued data 150 before
mani.pul ati on for any other reason, the ¥teps of converting to integers and
clipping to an allowed range 140 are done before mani pul ation w thout
affecting the ?g?h g&e0|5|on real -domain data 130. The - 4 JUL 2005 31
desired nani pufatid 1136 BFL 2 hiOReht 1 fopEi Fhearaal sdomean derhorimed hesi ng

a. met hod whi chpaggephsahi,ghnr g a produces
hi gh- preC|S|onpdata 1410 ashgutpﬂﬁtgg ﬂ?éf%%n$C&$§#|onl§T18 L5&M o data

conceptual |y tﬁé $HRBtpRBdeBsPAGCOn hh@hdprac351bhedaﬁa|muhatb@ndwt ut.
i ntegers 310 r in ure but operates_instead on
hi gh- pr eci si on g%ahgﬁgpg?gt%oﬂe%géga??r?%r$%s%0$ﬁ%ptﬁﬁﬁﬂﬁuFéﬁeéame

real - domai n dapaotesabngubputhdeyi €8 é@OtM@'ﬁ§n1$@$§§lb tgges nyalued iyjput,
or to generate inte er- val ued ~data after manipul ation or any 9

reason, the st&pEchfPedonbeyei iy ?b9¥h¢e§er%u%n@p@rap@sngnsbead ahlomed

range 140 arehtignepaétesidRNGPYL ati pp ﬂ%4£kvﬁé@@§£a ff@Sﬂ?QQ the i gh
preci sion of the essed data 1410. A systemfor pe ng Sy el domai n

mani pul ati on of@" P%ﬁ%?%@n¥%@h@@@@%&@.@@¢m @@dv@e@UEpmbrdeslcblmsnr&h&@w n

Figure 14(b Fhpuge n t od d .data B
|hgﬂt to gn)lnve?se %%ﬁ%?%éif@ﬁ@ea : as§%§né{ #ougﬂa f fﬂ€89§é Valued

transformer 12%2%® § B@Bc@a®4@Wﬂ¢ﬁEQmsf@m any other reason, the steps of

converting to integers and clipping to an allowed range 140
are done after manipulation 1110 without affecting the high

precision of the processed data 1410.

A system for performing real-domain manipulation of

transform-coded data with reduced error is illustrated in
Figure 14 (b). Figure 14 (b) shows integer transform-coded
data ‘B’ 215 input to an inverse quantizer 225 and passed
through an inverse transformer 125 to produce high-precision
real-domain data 135, as in Figure 2(b). If it is necessary
to pass the real-domain data 135.to an output device 165
which takes integer-valued input, or to generate
integer-valued data 155 before manipulation for.any other
reason, the integer converter and clipper 145 operates on
the data before manipulation without affecting the high
precision real-domain data 135. The desired manipulation of‘
the real-domain data is then performed using a manipulator
1115 which accepts high-precision data as input and produces
h;gHJprecision data 1415 as output. This manipulator 1115

performs conceptually the same processing on the data as the



real -domain data 135, as in Figure 2(b). If it is necessary to pass the
real -domain data 135 to an output device 165 which takes integer=gqfr%§ﬁ
input, or to generate integer-valued data 155 before mani pul ation fy y
ot her reason, the integer converter and clipper 145 operates on the data
bef ore mani pul ati on without affecting theshigh precision real-domin data
135:- The desired mani pul ation of the real-donmain data is then perforned
using a mani pul ator 1115 which accepts high-precision data as input and

produces hi ghs 2CJ4S| data .1415 as output. This mani pul ator 1115
p&t f or ns concethéﬁﬁgﬁ?ﬁgngéﬁblﬁF88§§§iﬁéooﬁeﬁﬁélbaﬁaaQQVEhén-E&gﬂukzZQOS

32 nani pul at i ofpudn opriregerss 1310 cdasehi Redya .0 _Figure 3, _ but operates
i nstead on hig%b%%ecision data. If it isghnggégéggﬁﬁt%aBQSS Fﬁelﬁﬁﬁﬁbulated
real -donai n datd £6-any &Gt pacsdébrceanépubhted rakesdbnhegetaval wed 4 put,

or to gener ateutpugggeMakugdsd f mani pul ation_for any other
reason, the integer converter anghgfﬁp%§%6i4ﬁngﬁg?ﬁf¥§luSﬁ thBufenomtteger

data 1415 aftefd°R&RPPEI apteaeriybluethdata aftectiagibheahigh EE?CF%ion of

t he processed data,l n | e enbodi ment of a nmethod for rea ~donai n
conversi on of trangfg%%Egﬁﬂegﬁgggﬁgigﬁﬁ FINERBWAT | AnEi gl ePeL5L4F. oPke shiegh

preci sion datack30har sousédtagernpaitat aide, rf OF WL g Ly or 0, .which
i nput. The out%ut of tﬁ%ﬁ¥%$§%?an}ii stigifout

accepts real-vg%ggd dat a %é .

1210 is quanti ze chagpg t pBhd ngr epbil ehed teklie aqur syss emii apteneay ati on,
the forward transfgormoperation 1210 may enploy a different transform
than that used in tfiB PRYBPLe eRe@diment operatnarhod 2for Fosa BXadmk e, t he

inverse transfoonvad29isRYoHSEriN€form-coded data 1500 is shown in Figure
15(a). The high precision data 130 are used as input to the
forward transform 1210, which éccepts real-valued data as
input. The output of the forward transform 1210 is quantized
1510. Depending upon the desired system implementation, the
forward transform operation 1210 may employ a different
transform than that used in the inverse transform Operation
120. For example, the inverse transform 120 may use the
inverse DCT transform whereas the forward transform 1210 may

use the Fourier transform. The resulting integer transform

data-‘BZ’ 1520 are identical to the original integer
transform data ‘B’ 210 which were the input to the inverse
quantize step 220 if the forward transform opération 1210 is
the inverse of the inverse transform operation 120 and the
quantization values used in the inverse quantization step
220 and the quantization step 1510 are identical. It is
noted that the forward transform 1210 will produce different

integer transform data ‘B2’ when a different forward



i nverse DCT transform whereas the forward transform 1210 may use the
Fourier transform The resulting integer transformdata "~B2' 1520 are
‘identical to the original integer transformdata "B 210 which werge gha
input to the inverse quantize step 220 if the formard'transfornlope# k 8%
1210 is the inverse of the inverse traq&forn1opepation 120 and the

guanti zation values used in the inverse quantization step 220 and the
guanti zation step 1510 are identical. It is noted that the forward
transform 1210 wil | produce different —integer transformdata "B2'" when a
different forward 4 JOI 26058584t CaRdderayi suageaf Sififeaehny, quaeitdfzation

di fferent quanvieZakisonn taleUgsivkeR skhguhRYELSE: gHaRbhzat.i,on 220 and
quanti zation 1510 al so produces difﬁg?ent ?n%ege?EPrgﬁgf8Pﬁpgé55tf§?0?51°
This et hod tﬁ&§OaPF@W@C@@n¢eﬁ§E®nnbeﬁmEegerranaﬁefasmaaétaqggbbﬁzaﬁ%ﬂ%

matrices W t hogk+ rs-fromrounding and  clipping being present In
the forward trans?ggn?%%%ogﬁ%ﬁﬁF cT§U?r?ﬁ8nc8ﬁ§8?%Poﬁrﬁﬁﬁﬁééﬁsqaadtization

matrices may beLURBtizesapsemacritknewiquanti zaéi 8ProF9r FeRVELLILAT L a%%g

fromthe JPEG.hE .nat ional standard.to the MPEG i nternational standar
t he quantizatF%%Epgaﬂgk%g§%gop58588 r $Br LN§REOTHR gk rapalPry IREG input

i ndependent i nkges are needed during the editing process. The coarser,
more conpressible, MPEG images are used to achieve the desired bandw dth

obj ectives. On therhthebnbandiohNpkegouR! £5S i es_after
significant hand editing, the aaantizatiQn§?§h€?i%{%g%ogggrl?FﬁeWaanSré@F
to preserve the°2hafife8t AhNEXafpretérpbivmentFof eomyeteimdodateakréamaia

JPEG international standard to the MPEG international
standard, the quantization is likely to be coarser. The
higher quality JPEG independent images are needed during the
editing process. The coarser, more compressible, MPEG
images are used to achieve the desired bandwidth objectives.
On the other hand, in recompressing JPEG images after
significant hand editing, the quantization is likely to be

finer in order to preserve the changes.

An example embodiment of a system for real-domain
conversion of transform-coded data 1505 in accordance with
the present invention is shown in Figure 15(b). The high
precision data 135 are used as input to the forward
tran§former 1215, which accepts real-valued data as input.
The output of the forward transformer 1215 is input to the
quantizer 1515, Depending upon the desired system
implementation, the forward transformer 1215 may produce a
differentltransform than that used in the inverse
transformer 125. For example, the inverse transformer 125
may-use the inverse DCT transform whereas the forward

transformer 1215 may use the Fourier transform. The



conversion of transform coded data 1505 in accordance with the present
invention is shown in Figure 15(b). The high precision data 135 are used

‘as input to the forward transformer 1215, which accepts real-valuq% %ﬂ?ﬁ
as input. The output of the forward transforner 1215 i's i nput to the’Y- 05

guanti zer 1515. Dependi ng upon the.desirgg system- inpl enentation, the
ferward transfornmer 1215 may produce a I'fferent transformthan that used
in the inverse transformer 125. For exanple, the inverse transforner 125

may- use the inyer transform whereas the forward transforner 1215 nmay
usSe the Fourie¥gfﬁgﬁgggr %?ﬂ§r4t§@E?f2@@5d8&arégartﬂﬁgSin&eg@@dﬁﬁﬂ&ﬁﬂ"ﬁ@

data ' B2' 1525taeeocirdgihkgakint@qethe QniLgLpal 4ipteger nsformdata 'B
215 which was the input to theanvefgégghgﬁtP%g? 2%5 %ﬁ t &1y wirsd the

transforner 1218PPFo8@cébet havienser geantithe 2pgerserntr agsfarger 125 and

t he quanti zati S Lh th i nverse quantizer 225 and the
quanti zer 15159§?é§%§gﬁfgc§?;g Pfoggcﬁétéﬁethavetﬁ@ P6r thed invanstor ner

1215 wi || prodteensdbtherenbsi RLEIET ot ata ' B2' when a different
forward transformis produced. é?n?ﬁ%ré@?ﬁggég%goaiY? PERAt USGHarti £&eEi on

val ues in the tHVEF8e guantizer 225 and tieaquizeizd51P585SQ Ar QUGS <01

different integer;tr r ata 1525. This systemthus allows convérsion
between transforns gﬁgégugh ?z ¥ ohO Tt 1R cel2ip e r t h316r woisd promuce

roundi ng and cii pBengnbei nge pe eseRiné fotheqs 0f Weg s &xﬁ@fgsé%ﬁ?rf 1215 i nput
135. A net hod f@fwggafgf%%ggoreal-donain mani pul ation of transforMcoded
data with reduced error 8 ¥oriedysed. Similarly, use of different

quantization values in the inverse quantizer 225 and
quantizer 1515 also produces different integer transform
data 1525. This system thus allows conversion between

transforms and quantization matrices without the errors from

rounding and clipping being present in the forward
transformer 1215 input 135. '

A method for performing real-domain manipulation of
transform-coded data with reduced error 1600 is formed by
extending the method 1400 described in Figure 1l4(a) as is
illustrated in Figure 16(a). The high-precision data 1410
are passed as input to a forward transform 1210 which
accepts high-precision data as input. The output values from
the forward transform are quantized 1510 to produce new

transform-coded data ‘B3’ 1610.

A system for performing real-domain manipulation of

transform-coded data with reduced error 1605 is formed by
extending the method 1405 described in Figure 14 (b) as is
illustrated in Figure 16(b). The high-precision data 1415

are passed as input to a forward transformer 1215 which



extending the nethod 1400 described in Figure 14(a) as is illustrated in
Figure 16(a). The high-precision data 1410 are passed as input to a
forward transform 1210 whi ch accepts high-precision data as input. Ige

out put values from the forward transformare quantized 1510 to prod cg”-r@%
transform coded data 'B3' 1610. A system for perform ng real -donain
mani.-pul ati on of transform coded data witth reduced error 1605 is forned by
extendi ng the nethod 1405 described in Figure 14(b) as is illustrated in
Figure 16(b). T i gh-precision data 1415 are passed as input to a
forward transfo?ﬁ%?thHgth?EﬁchS%QE P0b% 35 heRept sTheghupreti yrdmedatta cas
i nput. The outiphw Fakwesdftomstdend PryeL d; sfgr Loput he
guanti zer 1515 to_  produce neW/transforn}c%%%gada§a€3538ﬁ§8&%2eﬁnag%gnﬁpe
enbodi ment of RFYRERDANEWr ¥ @as £ eloned ededrnd pal aB3bnleist r ansf or m coded
data wth reduced error 1700 is shown in Figure 17(a). The chosen

enbodi nent is a nethdexdnple eatbobirém: nahi puhathon 66r JPES cadgdnmages,
which are trapst using the DCT. JPEG.coded inmage data C 710
are decoded by a %@%@g@rﬁje% r%%ﬂ%g%ﬂﬂ'ec%gf%‘g P8P 1 i thr badeeequantipzed 7DOT
coefficients. Thesleowoefdici@nts By ) dequadt ik {30358+ ed_throu n
inverse DCT 740 1o, produce high-precision real-domain da%géﬁilgs ?fmF?ﬁpg
necessary to pass the i%%@%l% %ﬂ%??ﬁﬁﬁ%ﬁﬂeﬂfcﬁPﬁQr%P@@@pi%ygedeVWhé0558ge
whi ch takes i ntsyyes foab-usstiedpinPreid moducerrd - 89S - Yl yedydat a . ib4
bef ore nanipulfgdcgkécg aqﬁﬁ?ther reason, the steps of converting to
integers and clipping 1% Y Gl THRfes 7B ERY (R ¢ odareeit bef BRe to
mani pul ati on ¥fHuce quantized DCT coefficients. These coefficients are

o

dquantized 730 and passed through an inverse DCT 740 to
produce high-precision real-domain data 1710. Tf it is
necessary to pass the image before manipulation to a display
device 758 which takes integer-valued input, or to produce
integer-valued data 754 before manipulation for any othér
reason, the steps of converting to integers and clipping to
an allowed range 750 are performed before manipulation 1720
without affecting the high precision real-domain image data
1710. The desired manipulation 1720 of the image is then
performed using a method which accepts high-precision data
as input and produces high-precision data 1730 as output.,

If it is necessary to pass the manipulated image data to a
display 758 which takes integer-valued input, or to generate
integer-valued image data 1750 after manipulation for any
other reason, the steps of converting to integers and
clipping to an allowed range 1740 are performed after
manipulation 1720 without affecting the high precision of
the -processed image data 1730. The high-precision image

data 1730 are passed as input to a forward DCT 1760 which



wi thout affecting the high precision real-domain inage data 1710. The
desired mani pul ation 1720 of the image is then perfornmed using a nethogJULﬂm
‘whi ch accepts high-precision data as input and produces hi gh-precision b
data 1730 as output. If it is necessary to pass the manipul ated i nage data

to a display 758 which takes integer-val ued input, or to generate

i-nt.eger -val ued i nage data 1750 after Waﬁepulation for any other reason,

the steps of converting to integers and clipping to an allowed range 1740

are perforned af ipul ation, 1720 without affecting the high precision
of the-processé%gé%%ggﬂégt%Fi%%%?oﬁh ahi ghS ptBRHEF onThAmgutpUat ¥al7RE ar e

d i npufrero thé of &r O i U - t
passed as | nputz o chdofomod ST ATEB M Shoo 1oLy 2102 30 S0ECPLE, e

hi gh-precision data as input. The output val ues omt
1760 are quantTZ8dV8W0¢o RFbdueel fhevenns eh@70 DCTThostf bobentsiAEQ. 1Fhgse

coefficients 1770 ed | ossl ess entropy encode step 788 to
produce neM/JPEGE3g%§ﬁ§gg%g.a(éggg%%%g FREEPRY f RGRAY aREPi A98rte produce

transforms andawmel FRtiuded i@csystem pigo suffEcigothy urate.so that
the error they introduce is less than half a quant?zatf%%fétgﬁg Everse

described in EquHlS SHRS)and i vl sol e roysaemad e i sutfpicoddeed to
the DCT coef fdcienits 4 @xATIE i i L et of .a system for

real -.domai n n%pkfulagion of transfé%*?gédggéggp§g$?$ °C rediute SeFH%P hapd
i s shown in Figfr&™M AT e ks et el eed i Equatnpbened) qivehhod

for real - domaiabowegnirpuleatian of ahﬂ_E@-_&Q%éd@cQ&f’tM%" @(zlg decoded
are decode

transforn}cod%%efggég r&ﬂg DCT. JPEG coded 1 mage data
by ’

An example invention embodiment of a system for
real-domain manipulation of transform-coded data with
reduced error 1705 is shown in Figure 17(b). The chosen
embodiment is to implement a method for real-domain
manipulation of JPEG-coded images, which are transform-coded
using the DCT. JPEG-coded image data ‘C’ 715 are decoded by
a lossless entropy decoder 725 to produce quantized DCT
coefficients. These coefficients are sent to a inverse
quantizer 735 and then passed through an inverse DCT-er 745
to produce high-precision real-domain data 1715. If it is
necessary to pass the image before manipulation to a display
deviFe 763 which takes integer-valued input, or to produce
integer-valued data 759 before manipulation for any other
reason, the integer converter and clipper 755 produces
integer-valued data in the allowed range before manipulation
1725 without affecting the high precision real-domain image
data 1715. The manipulator 1725 which performs the desiréd
manipplation of the image accepts high-precision data as

input and produces high-precision data 1735 as output. If



a | ossless entropy decoder 725 to produce quantized DCT coefficients.
Thesé coefficients are sent to a inverse quantizer 735 and then pa;sed
't hrough an inverse DCT-er 745 to produce high-precision real-donal Jyb 12805
1715. If it is necessary to pass the image before nmanipulation to a

di splay device 763 which takes integer-valued input, or to produce

i nteeger-val ued data 759 before nmanipul ati 8@ for any other reason, the

i nt eger converter and clipper 755 produces integer-valued data in the

al l owed range before manipul ation 1725 without affecting the high

preci si on real-donai%e?ﬁﬁg%rYdEPapi?§5Fh¢h@aﬁﬁnuéatadoima§25dMﬂaﬂtdmgforns

the desired nanspLhAtTER QhitherhpBge; AC s hkgh-preci sion data as
i nput and produces highéfrecision datall7§§Qgsv§%9%8t}nPP%4 6L Bo@srerate

i s necessary tbpa%er1YRelvedi puhgeedatanyeSHabateo ﬁandb&&b@ioﬁG%dM“éﬂ&
755

takes integer-yahded.d , to generate  integer-valued i mage data
after mani pul ati on f%$§§%§’ g%%e?pgéggﬁ  'Phe9IBpt FORYPLERTegar cdriverter

and clipper 17445 ookieess i nhegesr vah uedqddas e, 175552 t operatian _ of

the manipul ator. 1725 without affecting the hig% precié?g%r EﬁetﬁgeﬁFgﬂégéed

i mage data 1735 e PR pteersi bA2P neyehodht af 1786iagethashedhap i dip

a forward DCT-g&f b i c i gh- i Si data as input. The

out put val ues - from%%%éfzgsr%\gr%ﬁ%-%g‘?wg%?%re @gﬂtgf&]fﬁéeﬁﬁéhpmzémaﬁ

to produce newldtn dgb¥5 DOTe queddédi @nt Sndidd Sto Thessrwspef BE@L%Pt ia/%?gmgfg%
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system are sufrfdrcitem | fomeotd aber-sor thads thee e 0f theynlnL9dues. . 745
Lo produce néw integer DCT coefficients 1775. These
coefficients 1775 are encoded by a lossless entropy encoder
793 to produce new JPEG coded data ‘C2’ 1785. 1If the
forward and inverse transforms and the manipulation system
are sufficiently accurate so that the error they introduce
for each coefficient is less than half a quantization step,

as described in Equation (3) given above, no additional

error is introduced to the DCT coefficients.

A method for performing real-domain manipulations of
transform-coded data with reduced error in multiple steps
1800, alternating the manipulation steps with forward
transforming and quantizing steps and inverse transform and
quantizing steps, is illustrated in Figure 18(a). In general
each manipulation performs 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
bacgqround 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




for each coefficient is less than half a quantization step, as described

in Equation (3) given above, no additional error is introduced to the, DCT
‘coefficients. A method for performng real -domai n mani pul ati ons of '4JULZMS
transformcoded data with reduced error in nultiple steps 1800,

alternating the manipulation steps with forward transform ng and

guanti zing steps and inverse transformaggl quantizing steps, is

illustrated in Figure 18(a). In general each manipul ation perfornms anot her

operation on t ta. .For exanple for digital studio editing, the first
nehi pul ation mg Oﬁ% %o PG e dspacs itdge. othewsdeondo rard pud Atd O5e o ght
merge the col oraddrr edt ek liev@ga oM.t h @ ek ing .the chraoma-keying
met hod. The third. maninul ation m ght ardg%hi g)[lrﬁi%gﬁtng?tooqgtlﬂ?qfﬁfag%?e Thifst
fourth rmanipulation mgit Ereht ke tiatkegdheo loawee0 fdegmetdie t16: & Aol ho
2005 38 width timalyei ghtthaspechriiatii@ 0t i to e 4:3 pect, rati o of
tel evi si on. Fo%itﬂg %%intin ?na eé fhe i%gﬁ%nﬁagﬁguﬁ fﬁﬁ?ﬂﬁiﬂﬁp%%ﬁ%ﬁQP
the i mage 90 deégrées s 96T iSENErRRe IndeRgadsinth imagepr iimttiongndi Ic@Gtd O ¢ Jhe
o

second mani pul atiage . NMaghhirer a8nseviesak oihn dent _i nages i nto one
conposite image. A third nanipulgt?on nﬁghtﬁggﬁg ?glSrcggﬁ5eﬁﬁq§ﬁr%ﬁ§”bhomn

in Figure 18(a) transfenawgodgdrdataes 1 re dequantized and passed

t hrough an inverse transform 920 atoepgggﬁgegﬁﬁgﬁiﬁfchSESQ P@&P—déﬁﬁi@{o

data 1810. |f PfejdedHapédsaryand predadethpbegar awak Heddat rhs @AW 950
[ d

reason, the hkghpPgaﬁkéiRggggﬁ%e%§%90H3¥e2$—88£¥$£tSgtgolgggége&z ii is
necessary to produce integer-valued data for any reason, the
high-precision data 1810 may be converted to integers and
clipped to an allowed range 1820 without affecting the high
precision of the real-domain data 1810. The desired
manipulation 1110 of the real-domain data is then performed
using a method which accepts high-precision data 1810 as
input and produces high-precision data 1840 as output. If
it is desired to produce an integer-valued of this output
data, the high-precision data 1810 may be converted to
integers and clipped to an allowed range 1830 without
affecting the high precision of the output data. The
high-precision output data are passed as input to a forward
transformer and quantizer 1850 to produce new
transform-coded data ‘Fl’ 1860. The process of inverse
quantizing and inverse transforming, manipulation and
forward transforming and quantizing.may be repeated multiple
times with the manipulation 1870 being different upon each
iteration., After multiple steps, final transform-coded data
‘Fn!.1880 are produced with rounding and/or clipping errors

reduced or eliminated. Outputs resulting from any of the



clipped to an all owed range 1820 wi thout affecting the high precision of
the real -donain data 1810. The desired nmanipulation 1110 of the

'real -domain data is then performed using a method which accepts =4 JUL 2005
hi gh- preci sion data 1810 as input and produces high-precision data 1840 as
output. If it is desired to produce an integer-valued of this output

dat.a, the high-precision data 1810 may be 88nverted to i ntegers and

clipped to an all owed range 1830 without affecting the high precision of

the output data. i gh-preci sion output data are passed as input to a
f or war d transfé)rnjr\r-’%?ta%é’ qliaticFe 1858 o Shepdudahdve saransforan cogdesh ¢

data "Fl' 1860deTieeprndoes siieh b@v%ﬁggou%u%nhh§q¥%fg%%g nverse
transform ng, mani pulation and forward transforning and quantizing may be

repeated nultiple Bnmesxawpth the inpul.at.i 0 heing different upon
each iteration. After nﬁ?tipﬁe SFS%?B F?%gﬁgp%gﬁsfgfﬁk%&ﬁ%f%kﬁ%?
“Fn' 1880 are proddfElRdt heruAamAGnanahopud Ritppinsg ofr Iams s foaglGadd f data

el imnated. Quwwpthsregsukhi pg froma ._the - 4 L. 2005 39 convert to
integer and clip steps may bersen?ht@MéﬁggéFpﬁFagﬁévﬂé 1866 bRt tdmyg  the

wi t hout a nul t PBFERGEONARTeRamphepihuenti antambadi Rl 40 o0& %fs%e@ggqérd
e

perform ng reakrdgaaiLp nipul at i 5_of trgnsformcoded data wth reduced
error.in nultigre stagggglggg,ag%ﬁgiﬁg iﬁagtﬁge 8peration of anmamivpulsat or

with the operatM8Rt6FCHE pBfAwanderseansknsfermand geantizer apdt he F%g%;e
operation of amsiByer #2angyaPhl 284,37, 0VeE3P Lhagsionmer, 1 1 Tustrated
' quantizer and inverse transformer 1819 to produce

high-precision real-domain data 1823. If it is necessary to
produce integer-valued data for any reason, the
high-precision data 1823 may be operated on by the integer
converter and clipper 1827 without affecting the high
pbrecision of the real-domain data 1823. The manipulator
1115 then operates on the real-domain data 1823 to produce
the desired manipulation and produces high-precision data
1845 as output. If it is desired to produce integer-values
of this output data, the high-precision data 1845 may be
input to an integer converter and clipper 1835 without
affecting the high precision of the output data. The
high-precision output data are passed as input to a forward
transformer and quantizer 1855 to produce new
transform-coded data ‘Fl’ 1865. The steps of inverse
quantiziqg and inverse transforming, manipulation and
forward transforming and quantizing may be repeated multiple
times with the manipulator 1875 being different upon each
iterapion. After multiple iterations, final transform-coded

data ‘Fn’ 1885 are produced with real-domain rounding and/or



18(b). Transformcoded data DO 1815 are fed to an inverse quantizer and
inverse transformer 1819 to produce high-precision real-donain data 1823.
If it is necessary to produce integer-valued data for any reason, bhﬁJULZWS
hi gh- preci sion data 1823 may be operated on by the integer converter and
clipper 1827 without affecting the high precision of the real-domain data
1823. The manipul ator 1115 then operates on the real-domain data 1823 to
produce the desired mani pul ati on and prodgces hi gh-precision data 1845 as

output. If it ig GRS roduce integer-values of this output data,

t e hi gh- preci si c}ﬁar{gg%fté%g%nﬁ%ecfr?ﬁutel{léllé}@qerﬁ-egelrn comeart iatu Bae

clipper 1835 wicfagtimeaftf ¢dte ratihe Hrgh Rir§CicH QN 10f, 4 Q%egtitrﬁj%%eg?at a. The
or war

hi gh- preci si on QU at re.passed as input to a f or mer
and quantizer 1855 #f)te%r gglgggﬁﬁ%ﬁert MRS micoded dat & heFButiRB5.adhes e

steps of inver 4895quanoirzicngieand mhbeSe at kst onm Ry, manj pul ation and
forward transfgrning and g 5 O%tg;y%m?letvilﬁleg &Y RS it h

lnlgg uanti zi ng may be repeat

t he mani pul at or 18§ yb@ane&PWFéﬁéﬁtsﬁﬁon dach codeer atiddn. dAfttzert il d bl e
iterations, fidaliceansfope gogquegaiégd‘ B’ 1883 are produced with

real - domai n roundi ng and/ or 4 JUL" 2005 46 cli pping érrors reduced or

limnated. I n a pant haukarcae } t -out omany or all of the
?n;gggf econvgggggFand cligégrnﬁggﬁpgg Fégﬁégatgg?h%58uP58¥e&évﬂayengyﬁn
a

For coded i magé & PRE BaPBGE Bévibe wujtbeganednspbaypebblekevissigR, et -

For coded audi dndatgurbeloykput adgxicgrMBY REra plaXer .and/ or recorder. A
numner i cal exanB£S sh?mﬁng how t he present |%ventf§n8¥maln coefficients _
+ O Whlch only one (the constant, or DC, term) is

non-zero, are operated on by the inverse transform to
produce an block of real-domain data 824. 1In this case the
data consist of 64 values which are all equal to 128.5,
Note that the JPEG level shift of 128 for 8 bit data has
been applied. The forward transform is then applied to
produce new transform-domain coefficients 1910. It can be
seen that the new transform coefficients 1910 are identical
to the initial transform coefficients 822. This is due to

the rounding error not being present in the data sent to the
forward DCT.

Another numerical example showing how the bPresent
inveption solves another aspect of the multi-generation
problem is given in Figure 19(b). 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 an 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 forward transform is then applied

to produce new transform-domain coefficients 1938. Tt can



sol ves one aspect of the nulti-generation problemis given in Figure

19(a). A set of transformdomain coefficients 822, of which only ordg M%US
constant, or DC, term is non-zero, are operated on by.the inverse
transformto produce an block of real-domain data 824. In this case the
data consi st of 64 values which are all equal to 128.5. Note that the JPEG
| evel shift of 128 for 8 bit data has been applied. The forward transform
is then applied to produce new transfornftomain coefficients 1910. It can

be seen that the tnansf.grm coeftfi cients 1910 are identical to the
inttial transformcoefficlents 85 FHRE Uy alFiqlientoiBhqmrror not

bei ng present iiddritel ¢l & sefte tigitdig frarawar< , BCL, tcjleerntrgurgaﬂocm .
exanpl e showi ng how the present invention solves another aspect” of tHets
mul ti-generati g“ns %\ﬁreoﬂﬁcbrﬁh% GiuRsR iiprFieguioe 19(ttbpeiAgsetredfent in the data
t ransf or m domaiserooedd ittt 1832 Rfr Whi ch only one (the constant, or DC,
term is non-zero, are operated on by the inverse transform to produce an

bl ock of real -domai mAata 834, i . ta,consi st of 64 val ues
which are all equal to r}%}28. 8%#%%3%% ﬁg’t%qetuﬁég%P%%el &IED Biet sgrom 28 f or

8 bit data hag SapgpiceEs e feameansd cauarsi bymries 1+-kemadPPliRthditly or

produce new tratrlsfrwarﬁ'qQ,rra, e ¢Rsf fig . Jt can 4 JUL 2005 41 be
seen that the new tranls_form coeffisgféeﬁ?;oaléggﬁapgmailgeﬁ?[ilé)gllngo e hsniay sl

t ransf or m coef Fi-ci%ef'9185s!. fhies same gumerdcahfe strundati poidkr @hdnNati Laing
PLesﬁnthin the thatee s3pls LRdhenf aiyard BCE Q@%igﬁo%%”g%s%ﬁéh?% q%wcgsing
enyg preCl%%%ninitial 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 are shown in matrix 878. The quantization
matrix used is shown in Figure 8(a). When the inverse DCT
is performed on these transform data, 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.

Figure 19(d) shows the results of the forward DCT
applied to the real-domain data to give new rounded
transform data 1944. When quantization is performed, new
traﬂsform—coded data 1948 are produced. 1In this example,
the changes in the transform data are not large enough to

produce changes in the transform-coded data after
quantization.

Examples of the manipulation between generations
inclg@e merging two or more transform-coded data sets. For
transform-coded image data sets, the merging may be needed



nunbers renoves the errors caused by real -domain rounding or truncating,

we now show how real -domain clipping errors are also avoided. The sane
nunerical starting point and first~ three steps used in Figure 8(f) aféJULZME
shown in Figure 19(c). The initial quantized DCT coefficients are shown 1n
matrix 874. Al but two of the coefficients are O; the two non-zero
coefficients are the DC coefficient andy,pne high-frequency coefficient.

The coefficients after dequanti zi ng are shown in matrix 878. The

guanti zation i.S .shown | gure 8(a). Wen the inverse DCT is
pér formed on t ese trans Sriigachalie &maaaﬁanaﬁd @pod@ce@lhmsuﬁdMMhﬂd1one

matrix 882. Théidgea phiawmrien n&th&o&@%dh%&%ere %%%be%E% rounqéﬁ 10

integers but hg % @gh beeg cIi ed to an al Iome
the results of ¥ e T oPwar éﬁﬁpﬁédlﬂéthéuﬁéapl@@MQEB daﬂadEQNg;ve new

r ounded transhmghedatana94ésewh Biguanti gathenyhs P rne
transforn}codeg ﬂ i948 are prgduce I% th |sme§§ngﬁgg OPﬁepéﬁﬁnﬁésa.n
the transform data are&’n3t¢ aF@éeénoﬁbﬁ iBagppodaberehaygds nnttb@erlap,

transforn}codeuudamayahberhaquaehgzggmgn Examplesaf ul ati
bet ween generagbo gélude mer gi. ng tmoqgr nor e t?ghskggﬁ$co Bgd§F a§éﬁ§

For transforncode §echafadtétisSutheafreEhengxfaplbekneededturd Fdk

2005 42 becauséPﬁGIDCphe spablkikABIESoACEdR] 0~ B8 c knto,one  Dbigger
picture. Fan-fp % ﬁ adve%t|5|ng brochares t%p?ca §9Lh§réﬁgo BadgPirture
nul tiple indivi dgma Bda?ténﬁﬁﬁﬁeﬁ¥0@ﬁﬁstaseanpbenUBed BoicNt 208 €

t han one page ambamage Then the composite image can be re- compressed for

eventual decompre551on 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 needed in

the editing to produce the composite of the special effects.

Chroma-keying involves two independent video data
streams. In one video the background has been captured. 1In
the other video 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 introduced by
convertlng to integers and clipping are highly undesirable
for such digital studio applications.



time. In such cases, the inmages generally do not overlap, but nmay not have

t he 'sanme quanti zation, positioning relative to the reference grid such as
"the 8x8 block structure for JPEG DCTs, or orientation. By conposing Pﬁgnﬂzmw
final picture in the real domain, standard processes can be used for eac
subi mage. Then the conposite i mge can be re-conpressed for eventual
deconpression for on-the-fly printing. %inilarly, digital editing can

i ncl ude many special effects requirind several independent mani pul ations
performed serially. gg' tal] novies often use the fade-in/fade-out special
effect to perform al ﬁob'}ﬁh‘??‘én@%@lb@lb@m\lé}eh%vmakle@/tsne@ssdig"sileblspeci al

effects may fohhgusi WIEREHEREE  REOCESSL NGL G f@&%é@ e@g;aefgysiﬁgg' tiple

generations of ecoggression and reconpression are n ed¥ting
to produce t he®THRPbsTHRYI Profauspacing ¢ cbange Ghhobeg kayhhy tAYQEVERGIMWO

i ndependent villeotHaback§t &84 MBre | ' ackgr,ound has_been
captured. In the other. video t he ?%gggﬁﬁtn,aééféﬁ %% 15564 Of O Bict ieh

i nvol ving |ive'hel o¥dalhay ®behta) | reagemai nstigh-bhemki tsi ngd €y cobpe such

as a deep bl uec@iipbéackoRaskgroangs ank pixels in the
foreground image are replaced with e%rlg&elléé%lfo@nief hrker JSekgt UMY Yidedtosraee

the pixels areOBET P xedPatsuekiHyieepiaed deveipredrwed nages need to be

conbined in theec@mbr SO Mo TEL & A Sndd) 1 by, .converting to

i ntegers and Cﬂlzé@fiitn are highly undesﬁéa{)% eaqﬁjglfﬁjsl% e R ‘?rbdfi‘%

appl i cations. _ g 1&676@1]43_39% Hi Q- edidl gidladr gr aphiiosy mar keansBsg

di gi t al |mage&mta.thdsmg%dﬂﬁﬁ&,h%i%ﬁ%ﬂJ?‘eéhsang%sosasfle 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 usually 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, then manipulations such as a change of scale or a
change of orientation may be required. In addition, a
transformation to another color space followed by
recompression will allow the print-ready versions of the
image to be stored. The errors from the rounding and

clipping are highly undesirable.

. -Audio coded data also needs to be decompressed, mixed
with special sound effects, merged with other audio data,
edited and processed in the real domain with reduced errors.
Similar implementations are performed for other industrial,
commercial, and militafy applications of digital processing
employing a transform and an inverse transform of data
repreFenting a phenomenon when the data is stored in the
transform domain.



advertising brochures and the | arge photographic trade show booth backdrops
are just two exanples of the use of such high quality digital imagery. Jy 2005
Hi gh-quality | ossy JPEG conpression can be used to keep the transm ssion
and storage costs down. As such inages are deconpressed and reconpressed
to all ow changes and nodi fications such as adding highlights, correcting
col.ors, adding or changing text and inmage cropping, unintentional changes
are a problem that is solved with the4dse of the . concepts of the present
invention. The above exanples for the concepts of the present invention

are usual ly for i nagBlandnveassonr anyf alsodakaproliced de WS P& us or

I nt er net has SQOMBm%bEeYabESdgEtJPEQtaﬁg gPEG Cﬁngéessed i mage “dat a. en
JPEG i mages are to _be printed, then manrptfatiMBnsteitrdassa agharge.dfe of

scale or a ch%ﬂ@%f%FtBFPeﬁPapr@ﬁingyabeompqubredsabmeaﬂ@aghgnhd%i

. : g
anst or i Lorespanet heeanel ot 5pAGE,LoLLONeg, B, CepaTEresT o W]l oLl ow

the print-ready versions of
roundi ng and ??%b?%gaa@@mhhghrytqnpesfoahlEhe-ﬁadh@dgoéﬁdtﬁéaﬁrég fheeds
to be deconprepses,thxed wth special sound effects, nerged h ot her
audi o data, edited and processed in the real domain with reduced errors.
Simlar inplenmentatipns,a r d r other industrial, comercial,
and mlitary applic%?i%%$ﬁ§¥8§iéﬁ%gfabﬁﬁgﬁggiﬁﬁe aﬁﬁFsypﬁgoa piatdor m and
an inverse tradsfo ot datmade epoespat t hguba pheneargenewhsnokherdata ig,

stored in the idtansf i dogBL D &¢It 2005 44

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.



This invention may al so be provided as an apparatus or a conputer product.
It may be inplenented as an article of manufacture conprising a COﬂ¢gUE? 5
usabl e nedi um havi ng conput er readabl e program code neans enbodi ed therelw
for causing a conputer to performthe net4dcds of the present invention.
It is noted that although the description of the invention is nade for
parti cul ar ag&&aﬂggents of steps, the intent and concept of the present

i nvention ar —=abl e and applicable to other arrangenents. It will be
clear to those skilled in the art that other nodifications to the

di scl osed enbodinments can be effected wi thout departing fromthe spirit
and scope of Weheliggwention. 4 JUL 2005 -45 CLAIMS W claim 1. A nethod
for digitally processing transformdata representing a phenonenon, the

met hod conprising: performng an inverse transformof said transformdata

to the real danai naf omeithgdhi ghr PEEEIEEAN yYNURRRSs AN Cld Mo iy RASSSIdit 5
sai d hi gh-precision nunbers, without first converting the high precision
nunbers to integeF§pFSSEPEHB@eaaﬁh@PP@éﬂ?nanHhéoﬁﬁégPﬁngogﬁrdSéﬂgcessed
hi gh- preci sion nunbers to integers and clipping the integers to an all owed
range formng converted data. 2. A nmethod as recited in claim1, wherein
t he phenonenon is an inpgeforming an inverse transform of said

transform data to the real domain forming high-

precision numbers;

directly processing said high-precision numbers
without first converting the high precision numbers to

integers to produce an effect; and
converting said processed high-precision numbers
to integers and clipping the ihtegers to an allowed

range forming converted data.

2. A method as recited in claim 1, wherein the phenomenon

is an image.

3. A method as recited in claim 1, wherein said effect is

- the chroma-key merging of two data sets.

4, A method as recited in claim 1, wherein said effect is

the color correction of image data.

5. A method as recited in claim 2, wherein said effect is

a 90 degree rotation of the image.

6. A method as recited in claim 1, wherein said high-

precision numbers are floating point numbers.

[RALIBE]03819.doc:edg



3. Anethod as recited in claim1l, wherein said effect

is the chroma-key

‘merging of two data sets. 4. A nethod as recited in claiml1, wherei n-gaml 2005
effect is the color correction of inage data. 5. A nethod as recited in
claim2, wherein said effect is a 90 degrgg-rotation of the image. 6. A
nmethod as recited in claim1l1, wherein said high- precision nunbers are

fl oati ng point nunbers.ﬁ%R:\LlBE]03819.doc:edg 4 JUL 2005 -46 7. A nethod

as recited in’clairfime

preci si on nunbers .fgéféﬁcﬂ? af|
0

claim1l1, wherein the step

efeia® shpdikeghimpretashon ,nuwbersiar eaidkedigh-

hod as recited in

j | t-.8, A t d
6%%?%%#?23a5%g[0§%xgﬁ iggg?gésapgcreP%mP%E?ne

transform 9. A netimd wbsined tlthdticeladl makt wherein the step of
perform ng enpl oys an inverse discrete wavelet transform 10. A nethod as
recited in claim1, wherein the step of perform ng enploys an inverse
discrete FOUMEer Ui afelibdn adlretiBROth 01 adh0h! Al e PLATCR RN G ey of
transformdata in the real domain representing a phenonenon, e Tethod
conprising: perfor EexRforming er seplogast oam of iswedset r adssoratdat acooinde
real donain forniangﬂgkbrgﬁecision nunbers; processing said high-precision

nunbers; and

9. A method as recited in claim 1, wherein the step of

performing employs an inverse

transform.

discrete wavelet

10. A method as recited in claim 1, wherein the step of

performing employs an inverse

transform.

discrete Fourier

11. A wethod for digitally processing transform data in

the real domain representing a phenomenon, the method

comprising:

performing an inverse transform of said

transform data to the real domain forming high-

precision numbers;

processing said high-precision numbers; and

converting said processed high-precision numbers

to integers and clipping the integers to an allowed

range forming converted data.

12. The method as recited in claim 11,

further comprising

the step of performing a forward transform of said

high-precision numbers.

[RALIBE]03819.doc:edg



converting said processed high-precision nunbers to integers and clipping
the integers to an allowed range formng converted data. 12. The t hod as
recited in claim 11, further conprising the step of perfornming a f&rdiri0s
transformof said high-precision nunbers-47R\L[B L] 03819. doc:edg 4 JUL
2005 -47 13. The nmethod as recited in claim111l, further conprising the

step of perfaqrmng forward transformthat is different fromsaid inverse
traﬁsf orm 1%‘.3 ‘A nér?’ﬁod“ FeAT tEFHERT aith $231Whérdei f uhihey opempBising

transformis a forward gisgreife $O5FHBniAGNSS OE%@QPdlﬁ%énﬁg%ﬁﬁ%S%hat is

transformis an inverse discrete wavelet “transform das
recited in clai m18ifferensr foomsiadidngnviergkereanisfigran i nver se

quanti zation of transform coded data form ng the transformdata. 16. A
met hod as recited in claim15, further conprising entropy decodi ng coded

data to formithe tmansfudion sEodestitdd. id7c14ielbodwae reqsi thd d NeGhal M
16, wherein said coded data are coded inmage data. 18. A nethod as recited
in claimi6, wherel38&f@TBodet 2dAPEWArE Wdetrahicdeerdtna. transkomst antl as

recited in Cla!”‘1%aiﬂh%@@él§§“ﬂ%éﬁ§¥3%yif@ggnd§ JeBLE 412 éﬂg;ﬁ%d%iﬁ%
imge international standard format. 20. A method as recited in clai
wher ei n sai d codedtransform.

15. A method as recited in claim 11, further comprising
implementing an inverse quantization of transform-

coded data forming the transform data.

1l6. A method as recited in claim 15, further comprising
entropy decoding coded data to form the transform-

coded data.

17. ‘A method as recited in claim 16, wherein said coded

data are coded image data.

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

data are coded video data.

- 19. A method as recited in claim 17, wherein said coded
image data are in a JPEG still image international

standard format.

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

gtandard format.
21. A method as recited in claim 16, wherein the step of

performing an inverse transform employs an inverse

discrete cosine transform.
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video data are in a MPEG notion video international standard format. 21. A
nmethod as recited in claim 16, wherein the step of performng an |£verse
transform enpl oys an inverse discrete cosine transform T JULZWS

[ R\ LI BE] 03819. doc: edg - 4 JUL 2005 -48 2248 -A nethod as recited in claim
11, wherein the step of performng an inverse transform enploys an inverse
discrete wavel et transform 23. A nethod as recited in claim1l, wherein
the step of 4ferfofmiTRERRA | R er8EiErandfordhadipl bys Wheraiar e ditmy et

Fourier transform n{{g@o as; Lted.i i.m 1 ei n_sajd high-
preci si on nunbers apr%zekffdi%xed prggi s}%ﬁ%\%%bgr%nt f?thﬂ i %E‘Pﬁ% ®a ?Pacirlg%%lé ?
part. 25. A net hod ddsanstiet edvied et diransEorfuurt her conprising mani pul ating
sai d hi gh-precision nunbers to produce an effect. 26. A nethod for
digitally processing transformcoded data representing a phenonenon, the

met hod conprizsi.ng: AperdtHdl Ngs aPet VA SEnIWaRiinZall ONwRErEE the step of
transformcoded data form ng transformdata; performng an inverse
transform of said PEFERIMENE dafa tverRe r dalangdeam £OPADPHg high-inverse

preci sion nunbers; ©Qopyertd Rg, 530 RLgRsRLeqI Sion nunbers to integers and
clipping to an allowed range form ng converted data;

24. A method as recited in claim 11, wherein said high-
precision numbers are fixed precision numbers that

include a fractional part.

25. A method as recited in c¢laim 11, further cbmprising
manipulating said high-precision numbers to produce an

effect.

26. A method for digitally processing transform-coded data

representing a phenomenon, the method comprising:

performing an inverse quantization of the

transform-coded data forming transform data;

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 to an allowed range forming

converted data;

performing a forward transform of said converted

data forming forward transformed data; and

performing a quantization of @said forward

transformed data forming quantized data.

[RALIBE]03819.doc:edg



performng a forward transformof said converted data formng forward
transforned data; and perform ng a quantization of said forward -4Jq%2m5
transforned data form ng quantized data. [R\LIBE]03819.doc:edg 4 JUL 200

-49 27. A nethod as recited in claim26, fagther conprising: entropy

decodi ng coded data forming transform coded data enploying entropy decode;
and entropy encoding the quantized data enploying entropy encode formng
encoded data. 28. A nethod as recited in claim26, further conprising

mani pul ati ng id highs i_SJ er.s tQ _produce an .effect. 29.. A
met hod as rec%sfl'ed !An%tg{oécf% Q%tf;#%r lglor?gﬁl%ﬁ gé’ ﬁufépﬁgt IR 5@ at i ng
steps with the steps of performng a forward transform performng a

uanti zation, entropy encoding, entropy decoding, performng an inverse
guanti zation, and perf or fFYg Ry ?ﬁfécfls‘"egt%ﬁ@fiordrﬁteﬁ d &S Mé B In UriaIRS form-

tinmes. 30. A nethoded kitked ein?,lglng@ Zgnt%gpehgcgaieq coded data are
conpressed data, and each step of alternating npl emrent's "a .
conpr essi on/ deconpressi on cycle. 31. A systemenploying the nmethod recited

Hocompr saes coued dat o FUteRER o afid Y EREFRERE S0 e ins
recited in clai m3entwopyeicncedied foededg datadasedaeded audi o dat a.

28. A method as recited in claim 26, further comprising
manipulating said high-precision numbers to produce an

effect.

29. A method as recited in claim 27, further comprising
alternating manipulating steps with the 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.

30. A method as recited in claim 29, wherein said coded
data are compressed data, and each step of alternating

implements a compression/decompression cycle.

31. A system employing the method recited in claim 29,
wherein each step of alternating recompresgses and
decompresses coded data to enable an editing

operation.

32, A method as recited in claim 30, wherein said coded

data are coded audio data.

33. A method as recited in claim 26, wherein said coded

data are coded electromagnetic environment data.
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33. Anethod as recited in claim26, wherein said coded data are coded
el ectromagnetic environnent data. [R\LIBE] 03819.doe: edg - 4 J U Lﬁzaggﬂé
-50 34. A nethod as recited in claim26, wherein said coded data a é d
video data. 35. A nethod as recited in clgggmn 26, wherein said coded data
is encoded in the JPEG standard format. 36. A systemfor digitally
processing first level transformcoded data in the real danln .
representing3&- phéndisted ele rg@s‘\tt@ld:c cx:rlrrpcil_s'vc.img:%a ;whsrelndnvgagdt coded
uanti zer to gener t ransftor t.a fr,omsaid transformcode ata; a
?irst inversegtran?%gﬁngr%tgggggdgggegndaFRVerse transform of said
transformdata to the real domain form ng high-precision nunbers; a

converter to_convert said high-precision nunbers to integers, and a
clipper to cPPp thé W?ﬁ}ébcgrgst6e§ﬁt§ﬂi oMedCtakfe26a fyhe¥einr@aid coded

transformer for fopuaed:cl canst@nM:no.fal gpeenyechad daka harming forvard

transforned data; and a first quantizer for quantizing Sai .drmayd
transforned data to formquantized data. 37. A systemas recited in claim

36, wherein e forwar t ransf.or ner . enpl a different trapsformtype
than a firs %franéTor%¥?%%% efbFoyedt t%ii&in§§P§§SSPP§hsz+ﬁ%F.:ﬂﬁvgi

system as recited trank@bmm3Godetiedatn sai dhtorwanddomain representing a

phenomenon, the system comprising:

a first inverse quantizer to generate transform

data from said transform-coded data;

a first inverse transformer to produce an
inverse transform of said transform data to the real

domain forming high-precision numbers;

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

integers to an allowed range;

a first forward transformer for forward
transforming said converted data forming forward

e transformed data; and

a first quantizer for quantizing said forward

transformed data to form quantized data.

37. A gystem as recited in claim 36, wherein the forward
transformer employs a different transform type than a
first transform type employed by the inverse

transformer.

38. A system as recited in claim 36, wherein said forward

transformer produces a forward discrete cosine
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transforner produces a forward discrete cosine [R\LIBE]03819.doc:edg - 4
JUL 2005 -51 transformand said inverse transforner produces an JQVﬁéfﬁ
di screte wavelet transform 39. A systemas recited in claim36, fu ¢ e 005
conprising: a mani pul ator for mani pul ati ngStthe hi gh- precision nunbers to
produce an effect. 40. A systemas recited in claim36, wherein said
inverse quantizer and said quantizer use identical uanti zati on val ues.

41. A system as reGHARFLHITI 4P 3921 dhIBIST S| Frangdesaer obrpdyces an
quanti zed transfor mfahaProdueed diffenent « Lransfhgrmcoded data. 42. A

systemas recited in claim36, wherein sald inverse quantizer and said
quanti zer use at |east one different quantization value. 43. A system as
recited in clgjm36, further conpr.ising. an_entrgpy .decoder to formthe
transform codéd da fygﬁgﬁ%éﬁhé%Rﬁ§F§:q&n&qgﬁﬁbﬁgroﬁyr Gd S e e t he
gquanti zed data. 44. A systemfor digitally processing transformdata
representing a phenonmenon, the system conprising: an inverse transformer to
performan inverse tranéf orffBiPRhate¥ andisr m Banapvd atiagr eathdondiigh-

using hi gh-precisi ep-yEe5S nukBelds! BEl $3848ced9% @¢¢ertd JUL 2005 -52

40. A system as recited in claim 36, wherein said inverse
quantizer and said quantizer use identical

quantization values.

41, A system as recited in claim 39, wherein only a subset
of the quantized transform data produced different
transform-coded data.

42, A system as recited in claim 36, wherein said.inverse
quantizer and said quantizer wuse at least one
different quantization value.

43, A system as recited in claim 36, further comprising:

an entropy decoder to form the transform-coded

o data from coded data; and

an entropy encoder to encode the quantized data.

44 A system for digitally processing transform data

representing a phenomenon, the system comprising:
an inverse transformer to perform an inverse

transform of the transform data to the real domain

using high-precisgion numbers;
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a mani pulator to directly 'mani pul ate the high- precision nunbers mﬁg?qkﬁ
first converting to high precision nunbers to integers to produce an 2005
effect; and a converter to convert said high-precision nunbers to
integers, and a clipper to clip the integers to an allowed range. 45. A
systemfor digitally processing transformcoded data representing a
phenonmenon, the system conprising: an inverse quantizer to perform an
inverse quantization of asanahipwlisfar ntoodkidedatly tmahopil atéansicoringiat a;
an inverse transforner .tq performan inverse transformof said transform
data to the real d@ﬁﬁcﬁSlﬁgrnPHﬂg%Fﬁh-Yﬁ€h9¥ﬁ(mﬁlﬁﬁﬁbeF§PV§r§éﬁEqu9tohlghw
direct!y mani pul at igd@ctike orhi Glinps £51 £60N MMUESES Wit R {Ld SLACOMWALLE NG
to high precision nunbers to integers to produce an ‘effect; and a !
converter to conveRfidsai d hi gh-precision numbers to integers, and a
clipper to clip the integers to an allowed range. 46. A systemfor
digitally processing transformdata in the real domain representing a
phenomenon, the system eonprdrsiexyer R id [ BEpAB8EE. deeiadg hidh-Hie2on
53 an inverse transforner to produce an inverse transformof the
transformdata to PHECPESI &GmaitRtegers, and a clipper to clip the

integers to an allowed range.

45, A system for digitally processing transform-coded data

representing a phenomenon, the system comprising:

an inverse quantizer to perform an inverse
quantization of said transform-coded data to form

transform data;

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

forming high-precision numbers;

a manipulator for directly manipulating the
high-precision numbers without first converting to
high precision numbers to integers to produce an

R effect; and

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

integers to an allowed range.
46 . A system for digitally processing transform data in

the real domain representing a phenomenon, the system

compriging:
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form hi gh- preci sion nunbers; a converter to convert said high-precision
nunbers to integers, and a clipper to clip the integers to an aLMOﬁ?d
range; and a forward transformer to forward transformthe convert'e Lolitoa .
47. A systemas recited in claim46, furthgy. conprising: a manipulator to
mani pul ate the hi gh-precision nunbers to produce an effect. 48. A system
as recited in claim39, wherein the quantized data forms an other |evel of
transf orm coded data andanfuinherseonprassigrmemotter prodecee gnaninhverse
anot her inverse tran f%rner 1fg:ther not her forward

ST af I o Tk S a8 BTt RS el Homaiie b

transforner, and another _
on the other |evel fofrni hdagi-precicaded idabaras performed on the first |evel
transform coded data. 49. A systemas recited in claim48, wherein the
effect produced by the first manipulator is a different type of effect

fromthat produced by thg othgf,Jpul@tor . pla, A S¥§T@néﬁ%éﬁ*ﬁ#§%&%fbn
claim48, wherein the functions of the first Inverse quantizer,~T1T's
i nverse transfor maumbeinsst tioor vartégeranst ender a ard ifdpest  tguantlizer , tlgnd

t he respective fungtions_ of  said “\ LI 0381 9. doc: edg - 4 JUL 2005 -54
anot her inverse qu%hf%?gff gﬁoﬁﬁe%ﬁﬁﬁyggsganﬁFanépgrner, anot her forward

transforner, and anot her

a forward transformer to forward transform the

converted data.
47. A system as recited in claim 46, further comprising:

a manipulator to manipulate the high-precision

numbers to produce an effect.

48. A system as recited in claim 39, wherein the quantized
data forms. an other level of transform-coded data and

further comprising:

another inverse guantizer, another inverse

transforher, another manipulator, another forward

transformer, and another quantizer to perform together

~ a similar function on the other level of transform-
coded data as performed on the first level transform-

coded data.

49, A sgystem as recited in claim 48, wherein the effect
produced by the first manipulator is a different type
of effect from that produced by the other manipulator.

50. A system as recited in claim 48, wherein the functions
of the first inverse quantizer, first inverse
transformer, first forward transformer, and first

gquantizer, and the respective functions of said
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guanti zer are each perforned by a sane nodule. 51. A nmethod as recited in
claim1, further conprising providing said converted data for use by ﬂﬂ.mm
output device. 52. A nmethod as recited in claim51, wherein the outpu
device is a display nonitor. 53. A nethod%s recited in claimb51, wherein
the output device is a raster display nonitor. 54. A nethod as recited in
claim1, wherein the transform data includes information of a spectral

anal ysis. 55. An affio&heTof nﬂ-ﬁl}’%@ﬁjre BARtigery a cHARihar usablmwerse

nmedi um havi ng conpuytgr, A @ﬁ% éynf@gﬁ a9§an§g§%%%§20%% ;%ﬁbgﬁ”

digitally processing tran ata represen ng a

conmput er readabl e queogrzercade Eﬁ@hSpemfs&mddabyleleamb meduflact ure
conprising conputer readable programcode neans for causing a conputer to
effect: performng an inverse transformof said transformdata to the real

domei n form mg hi gh- meEsdSi QR nEEbersy MRNI PU o 19 saideREgh-dy fgnq{lgs
nunbers to produce an effect; and converting said high- preC|S|on nu

to integers and cPPﬁiﬁlﬁ@nﬂhesil#ﬂeg@F‘-yeﬁf@edn ddtaowderr ange Myoranngutput
converted data. dkbé@ E]1 0381 9.doc:edg 4 JUL1005 - 55 56. An article of
manuf acture as recited in claimb55, wherein the phenonenon is an inmage.

52. A method as recited in claim 51, wherein the output

device is a display monitor.

53. A method as recited in claim 51, wherein the output

device is a raster display monitor.

54, A method as recited in claim 1, wherein the transform

data includes information of a spectral analysis.

55. 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

s causing a computer to effect:

performing an inverse transform of said
transform data to the real domain forming high-

precision numbers;

manipulating said high-precision numbers to

produce an effect; and
converting gaid high-precigion numbers to

integers and clipping the integers to an allowed range

forming converted data.
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57. A conputer program product conprising a conputer usable nedi um having
conput er readabl e program code neans enbodied therein for digitally .
processing transformdata in the real domain representing a phenonén@%]m5
t he conputer readabl e program code neans -3§s5n sai d conputer program product
conprising conputer readable program code neans for causing a conputer to
effect: performng an inverse transformof said transformdata to the real
domai n form ng high- precision nunbers; converting said high-precision

nunbers to i:ntege | ppi N [S an allowed range, f i ng
convert ed datSE;' an%ﬁpergoﬂ%éﬁ)g oarpf %‘?\%lélrkaggrggﬁsf rmroeTClstaei%e&B‘_nv%f?Jerﬂ_ g-“gt?a.
58. A conputer proghatepnodhet pasnbrenvadienatl amgyd?, wherein the inverse

to said forward transformis different fromsaid inver_se transform 59. A
conmput er program product as recited in claim57, wherein said forward

transform issy foryar dodbasee! eprerhie brannker Manfadid NYer Sompucer
transformis an inverse discrete vel et transform . program stor age
devi ce readabl e byusabhenarediunyi bhyingnbeetyuicen pne@gltabrheofprﬂgramctdctms
executable by the [R.\LIBE] Q38]. 9, dog; edg. - 4&gUL 2005, -56. machine to
per f orm net hod st elﬁ%a%‘gr Eellngg%)lotdéqdy %?Slégégi n ran‘gf%?ﬁ?gwed Rrgcegssing
representing a transform data in the real domain representing a
phenomenon, the computer readable program code means
in said computer 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 converted data; and

performing a forward transform of said converted
data.
—
58. A computer program product as recited in claim 57,
wherein the inverse to said forward transform is

different from said inverse transform.

59. A computer program product as recited in claim 57,
wherein said forward transform is a forward discrete
cosine transform and said inverse transform is an

inverse disgscrete wavelet transform.

60. A program storage device readable by machine, tangibly

embodying a program of instructions executable by the
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phenonenon, said nethod steps conprising: performng an inverse

quanti zation of said transformcoded data form ng transformdata; _
perform ng an inverse transformof said transformdata to the real %3%5.%5
form ng high- precision nunbers; directly ggani pul ati ng sai d hi gh-precision
nunbers wi thout first converting the high precision nunbers to integers to
produce an effect; and converting said high-precision nunbers to integers
and clipping the i meeyens totcan @leirdweth r angehod or mitregpsconfert ediidaitzal 164.

A program storage device re by -machi ne, tan enbod a program
of instructions ex?Eﬁf:gﬁ’rgénQy tﬁgar‘%&(‘?ﬁiﬁhg ﬁ&dper Wrret %‘%"é’%slr*% X
digitally processiphgnbianshor Baéadedtdatiastepeesehbriging:Phenonenon, said
met hod steps conprising: performng an inverse quantization of the

transform coded data form ng transform data; perform ng an inverse

transformof said tr ans%gg@bgﬁlﬁ toghe ¢ r,ﬁﬁéﬁéﬂeomggaﬁeigégg ﬂ oty

preci sion nunbers; performng a rmard transtform sal precf%%é%
nunbers form ng fotwandfbrmﬂsbdedldata,bemhthEkaﬁafarmodaedg 4 JUL 2005
-57 perform ng a quantization of said forward transfornmed data form ng
guanti zed data; mani pul ating said high-precision nunbers to

performing an inverse transform of gaid
transform data to the real domain forming high-

precision numbers;

directly manipulating said high-precision
numbers without first converting the high precision

numbers to integers to produce an effect; and

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

forming converted data.

61. 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-coded data representing a

~ phenomenon, said method steps comprising:

performing an inverse quantization of the

transform-coded data forming transform data;
performing an inverse transform  of said
transform data to the real domain forming high-

precision numbers;

performing a forward transform of said high-

precision numbers forming forward transform data;
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produce an effect; and converting said high-precision nunbers to integers
and clipping to an allowed range form ng converted data. 62. A prog#q@12m5
storage device readable by nachine as recited in claim®6l, said netho
steps further conprising: entropy decodi-3g-.coded data form ng transform
coded data enploying entropy decode; and entropy encodi ng the quanti zed
data enploying |ossless entropy encode form ng encoded data. 63. A program
storage devi ce readabl e B§THRERIRg as r@eanedzanienai mi62, sgafld Eﬁﬂh@dg
steps further co LSl e i j i i teps wit sa
steps of perfornizgggﬁ%ggﬁgég ??gés?%¥ﬁ$h3p§?$%?¥%§é ggaéantization,
entropy encodi ng, entropy decoding, perform ng an inverse quantization,
and performng an inverse transforma desirgg@ﬁgnber of, tines. 64. A
program st orage devi ce rBAUNBrEAbYFachPAg adlFEREKHEIIPR| alHBSrswhéiei n
sai d coded data argro@QPRrgssefrdata, ;pgd each step of alternating

i npl ements a conpressi on/ deconpression cycle. [R\LBE)03819. doc:edg 4 JUL
2005 -58 65. A program storage device readable by machine as recited in

claim 62, wherein the ph nis i ata encoded in the JPEG
standard format. 66. A rrcg@ﬁggdPE%? di gsf%&(ai‘il yqqplr%lcéjsxéﬁcnlgsﬁorléns% Fita itF
integers and clipping to an allowed range forming

converted data.

62. A program storage device readable by machine as
. recited in c¢laim 61, said method steps further
’ comprising:

entropy decoding coded data forming transform-

coded data employing entropy decode; and

entropy encoding the quantized data employing

lossless entropy encode forming encoded data.

63. A  program storage device readable by machine as
recited in claim 62, said method steps further
comprising alternating said manipulating steps with

o . 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,

64 . A program storage device readable Dby machine as
recited in c¢laim 63, wherein said coded data are
compressed data, and each step of alternating

implements a compression/decompression cycle.
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the real domain representing a phenonenon, the nethod conprising:
performng an inverse transformof said transformdata to the reaL-ugU$ym5
form ng high- precision nunbers; converting the high-precision nunbers to

i ntegers which include out of range data;.snd performng a forward
transformof the integers formng forward transforned data. 67. A nmethod
as recited in claim66, further conprising manipulating the integers to
produce an efffSect. A68 prAagrefrhodtagageci dedriice clEadagd.e f Ut hemacoins | sasg:
perform ng an inverse.%% nti zatjon of transform coded data to faormithe

transform data; pefForcRg A ottt T 2881 oW BSE A 1% r RAFROTERSRs A6t nBtFRit a

form ng quantized data; eaddgeki ppi REet hPEGNEEERHHO faRmRld .owed range
form ng converted data. 69. A nethod as recited in claim®68, further

conprising alternating manipulating steps with the steps of performng a

forvard trangfeor m aPerdonda ngod [dtgic A0381-8-851800 %4%%389501&%% in

quanti zation, performng an inverse quantization, an m ng an

i nverse transform aheesiaadd domdbier wépresemsingOa Ahpnogeawnst drtegenstevod e
readabl e by machi ne, tangi.bly enbodying a program of instructions

execut abl e by the STHERTRE™E0 perform method steps for digitally

performing an inverse transform of said
transform data to the real domain forming high-

precision numbers;

converting the high-precision numbers to

integers which include out of range data; and

performing a forward transform of the integers

forming forward transformed data.

67. A method as recited in claim 66, further comprising

manipulating the integers to produce an effect.
68. A method as recited in claim 66, further comprising:

= performing an inverse quantization of transform-

coded data to form the transform data;

performing a quantization of said forward

transformed data forming quantized data; and

clipping the integers to an allowed range

forming converted data.
€69, A method as recited in claim 68, further comprising

alternating manipulating steps with the steps of

performing a forward transform, performing a
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processing transformdata in the real. domain representing a phenonenon,
said nethod steps conprising: performng an inverse transforn1of.§pyﬁ.mm
transformdata to the real domain form ng high- precision nunbers;
converting the high-precision nunbers to.spntegers which include out of
range data; performng a forward transformof the integers formng forward
transforned data; and clipping the integers to an allowed range formng
converted data. 7lguédnpipgtaomst peaferuengcearr cavadatge byuaathieaeioas and
recited in claim?70 urther conprisin ni pulating the.integers to
broduce an of fect PysoREG CAPLaTe it "R EoReE St da b 08 Hy SRR 2o T
recited in claim79iméyrther conprising performng an inverse quantization
of transformcoded data to form the transformdata. 73. A program storage
devi ce readabl e by machine, as recited in claim 70, further conprising

performng a,LR \L\B . : cJUL 0,.gu Lzatio f .sgl d
forward trangkérne ﬁéggg%ar%?ﬁagg%ug%§%éébr§§@§p1%4p9Aﬁ%é®%%%’agagégﬁﬁéh
in claim15, whereembsdytingodegrodata afe imdediciide dekacuZdblA bet hde as
recited in claim16, wherein said cgded dat are coded aqgio d%pa”
machine to perform metho steps or igitally
processing transform data in the real  domain
representing a phenomenon, gaid method steps

comprising:

‘ performing an inverse transform  of said
transform data to the real domain forming high-

precision numbers;

converting the high-precision numbers to

integers which include out of range data;

performing a forward transform of the integers

forming forward transformed data; and

clipping the integers to an allowed range

forming converted data.

71. A program storage device readable by machine, as
recited in claim 70, further comprising manipulating

the integers to produce an effect.

72. A program storage device readable by machine, as
recited in claim 70, further comprising performing an
inverse quantization of transform-coded data to form

the transform data.

73. A program storage device readable by machine, as

recited in claim 70, further comprising performing a
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quantization of said forward transformed data forming

quantized data.

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

data are coded audio data.

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

data are coded audio data.
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