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WD 2004/ 032022 PCT/ GB2003/ 003947 1 ENHANCI NG
COVPRESSI ON VWHI LE TRANSCCDI NG JPEG | MAGES Fi el d of

w0 b@4losaoent i on 5 The present invention gener al PET/GB2003/003947

relates to conpression of inmage data while applying
corrections to enhance inmage quality and, nore
particularly, to the decoding and re-encodi ng of
docunents for additional and nore extrene data

conpr essi Ofwcalys WnERRAIGH GALY ARRERIARL GekQMnkes M
storage in rapid access nenory and performing such
decodi ng and re-encoding in 10 reduced processing

tHigkd of Bk gnventdonf the Invention Pictorial and

graphi cs images contain extrenely |arge amounts of

q%‘éapr%ggnt 1%§eﬂd:flog gge%ntekréﬁ@ Lgla% L% '&:&%}% §ocﬂ 8@ iqr[age data while

processi ng data processqrs, ten requires
ﬁﬁﬁ}/yll‘ﬁgl T‘fréfﬁgtjcﬂmb‘iff E&hangey Eﬂﬁg@s%‘fﬂll%s%tlf“?% p‘ﬁﬁ%é}”sarly' to -
dghetdreoping end ale-encagiiaplvifcdodumayges far tdvidgborhal and more extreme
fdade! dobresEibn RUEDPOSE e&dnohlBOe v CAHREESSIONonS thfin storage in
E’SQ{; Sct%gtgsé E@Igo%sz %é I}e&?&?ﬂlggtﬁch ndecggjq%r a¥1<9 x%a Scodlnct; in

€ costs or fransmssion tinme and costs. e nos
F6%% E??%ﬁsﬁﬁhﬁF%%S|on i s achi eved by apprOX|nat|ng
the original imge, rather than reproducing it
@xaeddoyna HretdPEG éxkaibAt Phot ogr aphi c Experts G oup)
standard di scussed in detail in "JPEG Still |nmage
npressi on, Standard" b Pennebaker and
WFFE‘H%FF a“ﬁuBJFarF%‘ﬁ@ﬂ Wg%ﬁoﬂﬁ%ﬂ SR SREHBFES 279¢gs, of data and,
Vit @ertszehﬂertebayllbwl trpnppcEiporaat eebdeysief by efigatal data
girbeassot-hie 02bed gt hange vohii118ge S bl tMeBo dicyeésS@mt respective
Q!aisC%E' Q1S o ANG,OPENS YR 519@5 ﬁggéasbkﬂuﬁ %ob® ALAYVIde e

|ta cont1 nuous-tone coO | %sr? [ti-nme ﬁ%
é’b‘ﬁ?‘?séaf’f orgge J@E@r??lﬁ?ﬁﬁaF? IyPE élérjrf%"r?ew R Fedata n
tolmder haveavenetepari edstdi o hsimsmd ssi@OtEenead rrogeay The most
SCab@i0k @mboEsdibhoidrathved aldapHssensting tepoidnal image,

q%pﬁé}d %ng? ’re8§o<ﬂ1|c§1t1é %Ué;%!%%?yf r 95% tﬁ%G NPJ%%& wghga:aphlc Experts

Pi cture st.an ressi on
FERe sﬁ“éﬁ‘ﬁit)rd&ééu? SGut éjl‘?E?ﬂ%s i "Jr?g?“esuﬁaw 24f Dcﬁ'tae?ompressmn
Sandegdi' t ol @erredakerp rod lidybeldm p@@ﬂéh@% byj Yan Npstdged Reinhold,
prOTLSHEicA iRl hevaby fnal DfcotheadPEGystandance, a1ldvs the

%Qé(fc‘i’ﬁn%é‘gaf”ﬁﬁ%lg@r%é’t@eéﬁ%% {éed%ﬂltl}éa{ﬂarns argfl \69&18 up the

vol unme o /or .avai l s§ion o 1ti-meds
FPBEEL R tPﬁ%"l ﬁadla?ﬁ;tza]arcﬁjf“flr“éff’k}s TGP eB18F ﬂf&?ﬁs in multi-media
coppressdn is accommpdated. It is often the case

that data conpression by a factor of twenty or nore

(J%Eél egyﬁrtalr@[? n&éﬁ%ﬁ%ﬁ:@ %g%g %a@nﬁav%t %@Q a§iaﬁed1men51ons,

ar ab factor) duce arti

FR b IBGRABAT IR Wi 66 H0C5PY bt | EEabIBor Engaore,

é@g?%ﬁ?§chéﬁe@lstlngulshed from the MPEG (Moving Picture Experts Group)
standard. JPEG compression can reduce the storage requirements by more
than an order of magnitude and improve system response time in the
process. A primary goal of the JPEG standard is to provide the maximum
image fidelity for a given volume of data and/or available transmission or
processing time and any arbitrary degree of data compression is
accommodated. It is often the case that data compression by a factor of
twenty or more (and reduction of transmission time and storage size by a
comparable factor) will not produce artifacts or image degradation which

are noticeable to the average viewer.
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WD 2004/ 032022 PCT/ GB2003/ 003947 2 O course, other
data conpression techni ques are possi ble and may

w@e@dsm?22 gr eat er degrees of inage conpressi onPEDGB2003/003947

certain classes of images or graphics having certain
known characteristics. The JPEG?st andard has been
fully generalized to performsubstantially equally
regardl ess of image 5 content and to accommbdate a

e f t S f
SN o RO O TR S TR M o
|

SHEbT" BT 0P SBEBF AOVETET DR RV oM FRESS Of Lages or
redeghlssebhyvisiadespréadineye drdactzrtiow asi. deThec §B&E standard has been
| A Qe Sgchetra B 2ati de> %affcﬁfm)/SLQfst@Md'lﬁQﬂiﬁSequ@I@nQf@t’jﬁidlaéé. @f image

ht%%t@illts‘ %n@l tl.oo%gon{m%g&ltgé I 0{,1 d%f v lﬁ.%tt§ pragEA %Bﬁﬁés%:.&( demands

oder s, access

1 Secoder s, Lo berml Rugh g ditavife S oty SEaypEa one or

StoaRdal @eV@rag}eﬁ@wsalony hawef eamablutot pelastiely dadespread use and

CANTP¥ BEiSle O deE Y GHi&FesLYEN af BOLUYRa SRR m@gkﬁtﬁées

I%E&ngélo fl;é %'1@5‘%1%&?%@?&?@1 %Ifnggs heﬁga%:QXCular y of
ular an

fi ne asses

e art |1 C

R 1 o A RO BOIFGhL TEReer SRSCED Bs I F dad lable.
vWﬂe@ﬁipnﬁveuﬁy§$S¢¢ﬂoe Of paetiREd| streinfatd ilngoenechhlivgpesterpble to
asher drie ecoMol-Bsdia Jddnt Gleandadnd ch S somPpRhtEaki ORSrease of

r&igéz:{&c§er}(l%@ }gé %gﬁaﬁfefist&%%‘fe%sbéﬁﬁlﬂ %!rl ]%%rt@&glar and
a stor or transm ssion t1ne.
ghﬁFgln?%éﬁgsﬁﬁy “ﬁgﬁ%ed to 20 store an i mage for
a period of tinme which is a significant fraction of
tven tmebhlsdchf Birigabrafict ssinmage v Mol pdevbrs
ag%r‘é@édla@f‘y u@gﬂé rt'e@ﬂnl%ueg" g1nEI:%%Qltxceaw#jkmthngﬂEthstandard some

sto e .capaci t herefore e cost - storin

TR 4P ToPVR BETTICGTerTHE Caose LBHS Berow dea costs of
aiatﬁrﬁ@ffﬁ@fh ogf tidengesitnofinehe Broexsgeleedibens opy be a need to
devir€ enaeh SUPPOT bagicdabf t2he MHOEESSOR 4Gt 8ldaati Baction of the

r{gte%i hﬁ%@tﬂq{engf tt'ﬂ@ ét%cftagé bn%ti:u}nh %rl &.@79;8? da%t @eﬁo légdr qulrlng a

pat e witten an ar |trar| Iarge nu

r
ottt Jgrrlé’?mt ﬁﬁ“@u%%sg 1% ngﬁa}?es‘f"’lﬁaﬁﬂg@ﬁ s tebur &8 cost of
AFPEHIS FRdiTBget e AueR TripdeRfesinthiceh bengetsidered as a
strarethn 30 thROtdEar ofvathet Str@fSind@Luh e SdvakagmdCOSiporting data

%éé@so&ngﬁ%agyﬂéﬁg%’aﬁo@:@%s@&%égngc%ﬁeegtfg g@:lgwlh tﬂ#age data could

TR BTN, roP S Gt UaR SR Or GUAPTES, “HOW 1ong R The cost
wésﬁv%l sheirger 1of ofj yrnges, cuhtiyd isdvaydthe) nuifeer of images which
avat | sbkeosdtsorage. This is a function of the

conpressed size of the images which generally relates

tl the 3 cor lexity of the i nages and _. ,
ROET Lo ot Aoaa=Eame, Shperie et r(Repun LPRaguality trade-oft is

d:@aﬁ@st%;qnlne the maximum cost in storage that is acceptable and then
determine, for a given amount of quality, how long the desired number of
images can be saved in the available storage. This is a function of the
compressed size of the images which generally relates directly to the
complexity of the images and inversely with the desired reconstructed

image quality.

An example of such a demanding application is the storage of legal ‘
documents which must be stored for an extended period of time, if not
archivally, especially negotiable instruments such as personal checks
which are generated in large numbers amounting to tens of millions daily.

While the initial clearing of personal checks and transfer of funds is
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An exanpl e of such a demandi ng application is the
storage of |egal docunents which nust be stored for

warooens®ezied period of time, if not 40 archi veCT/gGB2003/003947

especi ally negoti able instrunents such as personal
checks which are generated in | & ge nunbers amounti ng
to tens of mllions daily. Wile the initial clearing
of personal checks and transfer of funds is WO

2004033072 PCTLOR001.00304 L0 S SUELANLAY RHLQTTBLLco 1y cne

u3| n
gf %Eﬁ%ée?ﬁg’&ﬁb’r@lf’hﬂlpﬂﬁteﬁr Prted Sff?%heeli:rﬁéf: igemain
equgnbleren@lﬂw ngo $ei heaesgady it dEyngE pepesdaniart pransaction for

desafifondo Pant éetdral oy’ ANSACLAORrEMactEO IBCHARMA Ofe check

afbfrg‘ggoar gppg after the transaction of which the check

rmed-a part. Personal checks, in particular,

present some inage data conpression conplexities. For

eBewpha, checkyuaid ragaiawder f paeskitentnd Lansadetoreompeession

b@tﬁl@géﬂ&tﬂés parberdafbpldr et Rbr@lagh@sNe rSOPLeXitkYnadions, a
IkBQougxdr%]:Qgrgfo 18réa!£%9€orv%l %‘& S.f E<§m l@é:@t!&) ggcli X'lavnlg a range of

provid rremormalonvm De rp

h%“@ﬁ?yva&BﬁT r"ﬁsf?‘fﬁlf"?ﬂ%’ PhOESER! v SB’F‘e rﬁfr‘lff’i‘r}?ﬁtéo% d!léllsbe printed in

whiblighlot hertragetng ity ipebotaint pomupkidlebeoliomel wdéde atther

redcati stebiysdemt Contii 8BS the 1:122G0ERTGIOAS al HEd 1401 Y cantLe.

r]?e% ?at%,foné @Q?ua’%!guﬁ%l yr %el gic' MQS&' Vaﬁ.'g%%(j kﬂgil %alLJlé/luded

hand-witten_or printe I.Cla anount s

Mliﬁonﬁﬂb%'aﬁlﬁ?%)wrﬁ??n BE %BE?‘HéBdWHah (¢ 1fag &S faygmts and
wHidehtureg widtl peadlidedpredi drads salu@sewmhinlichrsingpl wedily
dacupenibsemay i nclude a variety of image val ues such

as color and shadings in Ietter head, hi gh contrast

print, a watermark on the gllc@er andaplurallty of

s?vfﬁalf“iﬁhe?mp%ﬁFsdoFHﬂ%S ey r’rﬁ@ af UBS T Ehar i nHjpogevalues such as
iqdPuded Frpdindscomieittempsed. i hidh thetrdegrednt o avhedymark on the .

igEge Lat & grayabiey 60MEesseds Wheniaceusate iuﬁ@@evalues that may
rk?ecgﬂcc'lturdg&t OQ &c%u%%%??r]ylm \Agr@hegggr%e Ecp%gugﬁ) S.’Jna data may be
stora I n _such ormrtrom reconstruction
i PP § bW’l’@nmﬁWrﬁF%HmﬁﬁﬂéfleF‘f’?Fttch“tjﬁ’él ot ingrRgfary. Therefore
doegnerst ¢5 stelzas velguchar fer@5randelisigh higgst sedopaftuction is
tdesperd o Qﬁ_glv\ﬁ‘filﬁblﬁ:@(?ho sher ageihsl aﬁ&ﬂ@ﬁﬁ:cﬁé lt¥latively large
faﬁﬁsétpclhecogt%g@{ teﬁﬁe %ferg(l)l? g§ hrléﬁ)lguchys ge is economically
doy of Fapid

I n{ ning such st ora e _an e pOSSI rapl
TBEL i EREELTE Por T ofir BB US: M e AR P jerese and
vfélleuwSﬁﬁskltUeO%@@ai@teébytmpp cayesdliorahmhoar idarzadd -on
of 30 the JPEG standard is desirable in order to
%%g%@ﬂ;ﬁa%dﬁggg%sﬁcgﬁt%?g J%lelﬁ § uctlléj(L: and utlllzatlon of
T PR or AR PR SBr dit 54701 be EORACS SRR sccess
raggr Bgireni @ﬁ%@@a@@@dltyn@ésfmnéeﬂltyy the ondy rieaghekaue for
thetspatrealctfibepensys oblaanpbidigreft Wheh reproduction with good
image fidelity is to reduce the spatial frequency of sampling of the
original image. However, sampling inevitably reduces legibility of small
indicia, especially at low contrast. Currently, sampling at 100 dots per
inch (dpi) or pixels per inch (about a reduction of one-third to one-sixth
from the 300 dpi or 600 dpi resolutions of printers currently in common
use) 1is considered to be the limit for adequate legibility of low-contrast
indicia on personal checks. The American National Standards Institute

(ANSI) standards committee for image interchange recommends 100 dpi as a

minimum resolution. Most check applications use either 100 dpi or 120 dpi
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original imge. However, sanpling inevitably reduces
legibility of small 35 indicia, especially at |ow

w@ominade2 Currently, sanpling at 100 dots perPCT/68R003/003947

(dpi) or pixels per inch (about a reduction of

one-third to one-sixth fromthe 300 dpi or 600 dp
resolutions of printers currently in common use) is
considered to be the limt for adequate legibility of

I t [ e Spogd '
A S T o o DR e
cOfTittee for image interchange recomrends 100 dpi as

a mninmumresolution. Mst check applications use

eid heprak@cdlipimadter] 20hdpeeddd FRI4LO3202Re image data also changes

chgr%oﬁ Q;Ql%ﬂ‘gn aépﬂlrc%)f%?rpl e%ér”@g%l\éh%t?xggya %Ex; months of the

conpre d nor e t han one

‘%ﬁft ?%&E n‘#{%?n Phe e BHREESHRA i WS&FOT‘%é’f ﬁﬁ@l@naﬂaq%y often
m@éectmﬂgesms e wiatety rpugbitiean @ppkecskhon.e, Forthenticate a
esigipt e, Wiilkena® of aueHatds date t B mlabglhbetftRessary for the

dﬁ%BHEcﬂltalQ{y Itgsb@ 9@9&&@99 odUG | mo%s% At L ent, ﬁlgaeut the

% arl se, l%r@ﬁrl n% %t%e qual | {ﬁ{aé{suf I Cl ent odd £ 11
fco"rIl gXampl e gﬁ‘f ti cat& L 8i ghat Wiy ByPegadditionally
nepERT ¢pedr Efatl engdnt teray soeifagebdhanetedxad yirhge quadity becomes more
| tageareal pdrrit@l drey Sif tomdetbord @il MRBSHL storage. At the

fﬂfe%{@tt&%‘ %Qngnat_Lh&e:LQ %@E?@reo%g&é& Q%E/u@cﬂted for business

herefore

ctpredeel F6r a‘?%ﬁg%? C’F‘éf A Bﬂfaaﬁéew%nt? SRt rfgeival
qrabeess et ciresd mére lagel ereabbws, por tseves archys i nThus, data is
C:G/AP B 120 FlomMoh Dy tah @e %hﬁhsi)finSth—agt%” Afaﬂllaleaccférsgsﬁfﬂrage and

tsoﬁg’sﬁ%£§%‘fﬁlt &L%%gsh{&ﬁgﬁﬁe ?&‘é ereI @Blelt aﬁéﬁrrego t%Ee

busi ness use on DASD for about 90 days an

transferred to tape for archival 15 purposes and

savedis Fegaideghite nomawnst Hegporrdy ebeqksaps] oTheys doglatents produced
i® aadedily aldsesf aircsant y paci@is nﬁmehsl ipRob ksl | N@e, processing

rr%@_[h&@c; €8s %nég&rn?g%l@/%g de%‘ag?ngs X nirrragg a{g s%%ﬁ%?éln gnd may

IS [e or tran er to ta I'S_regar
IR BB Bt SOMAI Lo PE (e (A" SR, PUSCHIEh L ot ranely bigh
pﬁpéé@:@dge%aénp%péaek loF resiisl durpedd prepessepts Even when an
seredialy pr allceamg FhcpbaRBSBE MBrisR@Gdi i2d Efiction of a second

e@%cgdllngoag&/oga Seegdiyng an shgagﬁ ISUPSéo%&LéIﬁI Woccupy the
uire S|gn|f|cant ngun S even whe 1
TR RRRC SR Y (TRETSY R oh LS BB g Bh TR S poe s continua
dqassi)ec Fal r9surpoterpFocessors . rfyeed wr@e%e amaligycbeiangs
omctdecadyng tplacess dmy binepesd afis®oskl #@okeAGvieAMmdat processing

%a%e@ée%drecgﬁrég gTh;-é ].'Lg St%cgﬁgre%rsel ?reséllag éﬂqgﬁrlmage from data
py the en pI‘OCG S n

e
B e RIS TEEE s DCaTlhd b B8 Mncorsorated
@@ﬁ?%@ﬁpllqﬁléws S T]& P8dite 381 oisigts @estwraas tedietiddecode the
iimage foual donpréeednésca bt hasidagbde tthk eimdbk eag@¥Rrusing different

tdulB:s 1 A8 6H %QHanm\éf" toeYﬁf\cl'@rleed&EQC@ésbmmeh@is data. This
been re U|red That is, to crea comression of an
Iprrgaessflr%m a1e represents a subs antia cos ch e ectlve v increases
the cost of storage over the cost of the reduced amount of storage medium
occupied. Conversely, if the cost of processing for further data
reduction can be reduced, the data may be stored for a longer period of
time and/or in memory having shorter access or retrieval time at an

economically acceptable cost.
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30 which has al ready been conpressed, as discussed in
t he above-incorporated Patent Application S. N

wON04P8R20383, it is necessary to first decode tPET/GBrEgN03947

from conpressed data and then encode the inmage again

using different quantization tables in order to

further reduce the volune of data. This processing

time represents a substantial cost which effectively

I NGLEASES 30 hherkast; Hf storage over the cost of the
reduced anount of storage medium occupied.

Conversely, if the cost of processing for further data
riédiig tihenetene be qhédeicod, thehereRsna resenbionstormyvide ag image

| itgepropessod féthodi M1 apsHratud RaBRINY ¥t havi-88s1980f e Begree of

I t
a&%\ﬁ:?e:'ssqgn rcﬁit %b@%ss%ﬁ%&%&n@%&e@%%&%%@o&ﬁ? 63brza%e data in

cep d;é\bl e cost
By S PORUTE B t‘(lﬁ]% Invention It is therefore an
obJect of the present invention to provide an inage
dat ardroee ssicage mehhatksanghsappiadrabbifectapsb e Ofnvention, a method

| per §asi-08.4 he 9&%8&1 %r 2260055 ﬁgSAo%gr@Jseaogg%f e?éreqarther

dat a and redu I t he vol une of reduce
SEURECR A TT T Gl 1 6 HUIGABI ot MESEeaiae Stevs) of
cﬁnﬁé?PYoﬁF@Qﬁl@gwomh@ﬁqiv@%ﬁw on, foammptehotzedahtpnsform coefficient
appasst vedicinpr O\Haded Jrothd HaNaGadl NGa6orgmesssdidand values to

fﬂ&mf&”ahgﬂedlgr%gfrﬁ%%é9ﬂc1Qrcfij, lég.;hg& %Eel%%ug&{ range, altering at
rrangenents for performn 1%5 S entro

SEBTRG CONST 8 o T AR Py Gt £ aTef RiRcization
dobt¢i cherry eadafésy seédutientizedr armgefofm chef fjwamt redues of
treatsdnrangoed f faimenirtval uRsptdrsel Oldraquaiit tZe@mitting or storing
tt@l@nﬁfﬂlﬁg}% %J@és“slegn&at\éaxlzﬂ:%stﬁg aﬁ.@gfé%egua{nﬁgggulon %ble
altering at east one value 1n a quantization ta
to forman altered quantization 15 table, entropy
e dgosa dleglanePeedts anstetmieseti o beavidgal uesthod for
ofrang@diice domphnge et oddtar :f Butder compeessadidatain@bBénprising
tehanstdoktdng eQEro%)S/o&éc%glng} heid W ﬁbféssgaray QS&G%Q@“ Quantized

\A’CA.I‘%.II;.] golgr% gl t relden va uezatl N ta ? ({ d t £

St “aspec f?} presen Brtoh PV de§H ﬁE?Ihtc}&e ranstorm
fCGFffl.?ee]P‘i' afﬁéewtﬁgfm%sw aa@reﬁfpém qogf fdrdent values of
ceipregs samre ;| atdecurdhggtcDerprti snngalidensd epaniafzation table to form

ent &%Ye@@ﬁﬁgt{]&.ft@@ﬁ Qa@@%%ﬁ%? gl?éO@.lltl& fa@é rQuantlzec'i transform
rm LcLen alu reauc
%QPE g ¢ i g@gsg 9 % ran%? OI‘ ¥ %fl%the.r c mprg segsdata and

ran uant| ze ran m “Coefti ci en

6% %‘FﬁFH&Paﬁﬂ YEIIPY S Ut oo FPTRG SRR \ﬁéFi‘jé@ltbfsald altered
reduciedtiangeblal tering at | east one value in a
quantization table to form25 an altered quanti zation

tﬁ@%&abfytgh%pgfe@ggg Q’gn %I d l%/_ggél Zaegei‘%l{o n e%lé?]% gald step of

filclrent reaucea rang orm

EEMpTEEsedade d:ed]dﬁ?f se+ATeRTe tbl'Yn@ %Ft%’f &fi - sB?ﬁerablY the
foupsdrer lecamh es sedviiesaa wiethod ahdraiint erigll altered quantization

values are in the range of 1 to 255 for eight bit precision in original
data samples.

Preferably the present invention provides a method wherein said altered

quantization values are in the range of 1 to 255 for eight bit precision
in original data samples.

Preferably the present invention provides a method comprising the further
step of: altering a Huffman table based on the alteration of the guantized

coefficients without collecting new statistics for an image.
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quanti zation table. 30 Preferably the present
i nvention provides a nethod wherein said step of

WO e@doB2002 a range reduces said range by a factpCT/6B2003/003947

two. Preferably the present invention provides a
met hod wherein said altered quaftization values are
in the range of 1 to 255 for eight bit precision in
original data sanples. 35 Preferably the present
| B84 ﬁ{éjﬁkgfe%taiﬂ@hbﬂﬂ ﬁ‘f‘&x‘lﬁ%g asﬁl%gho%g I8LRA, saig frequency
qﬂgntéﬁgtkggjgags?sagrefln t he faan % 1to 2%? for
el gRE“ B EpT 681 TR ThT67 §F hEP2dat s BymFrRLS 9467
Preferably the present invention provides a nethod
corperadilpgticherédsnt hetvensi@ppodvidal te hbtigpdawidtei ABIRiIA Ffrequency
tdibbébd}égﬁﬁg QQ_&JE%r@iﬂé@rfgdmOQ ﬂﬂétggg%mqU@Tgéiée§hantized transform
Q%%EEL§'GQR§ wi t hout collecting new statistics for an
i MRgE. 26047932022 PCT/ GB2003/ 003947 6 Preferably
the present invention provides a nethod wherein said
fRrefersiply tief poscutrieveetics esdvides edmbtiod eidrgtiinadaid entropy
Rutbamly tedy endal@s Rnefasably: dhecRr esenl.i nvention
provi des a nethod wherein said frequency 5 of
occurrence is deternmined froma histogramof said
FUaNTT2Ped TeaRsT P 1R FrRCPE do%13uBSthop, WisEeah| Spid quantized
tthrenpioesertefif heiemti vrlups Ariedes rackest Modnather ei n sai d
entropy encoding step includes conprises arithnetic
(‘ngf&%b\]i\%%hgr ﬁ]‘.c‘e%reﬁp lj}ﬁv‘éH@LoBr o%@gesl nvggigﬂo%nw r%\:l{]!'l dse§dastep of

t ho erein sald quantized trans orn1coe€?i0|eﬁt
TR TERaTE S AT PR B FOTHAE, et SraBRY. Hhecpresbht o
icAvRITrico bR 691 éd stemechoddwdiewes nragae Fost epidofit 1EBst one
aklefi ng said at |east one value in said quantization
table is conplenentary to said step of reducing a
rangeﬁ%gr aid at |east one value. Preferably the
BF BSERCY e TS prioVFHeS ™ PTRE AR 2o BRI TR i gty the further
BaeR Idr aDBrivel BRELmghtt@bladagefiudd van alabtaibased tha quantized
tcher dlct efitat wbthaak &40 cqtiaRt h&edracnaf fi Goend:s 1whdhout
collecting new statistics for an inage. Preferably the

resent.invention provides a nethod wherein said, )
S R T B T s T

A6 f PP Rl &S etarates Poaf erighhyl Hyéfppmesehite data.

invention provides a method wherein said frequency of
Peetd el e:hbspﬁ%teﬁi[ niLpedkibh %Po@igéétaolgé@l%q;he%@hg said frequency
%%Iagc;[cluJZ:Fanter ?Qsﬁfe%ramined from a histogram of said guantized transform

coefficient values.

Preferably the present invention provides a method wherein said entropy

encoding step further comprises includes arithmetic coding.

Preferably the present invention provides a method wherein said transform

coefficient values are in packed format.

Preferably the present invention provides a method comprising including
the further step of: preventing alteration of gquantized transform
coefficients at a zig-zag scan position based on the frequency of
occurrence of non-zero qguantized transform coefficients at said zig-zag
scan position, and preventing alteration of the quantization value in said

quantization table at said zig-zag scan position.
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coefficient values. 30 Preferably the present
i nvention provides a nethod wherein said entropy

wep@ansag2 step further conprises includes aritP@EGB003/003947

coding. Preferably the present invention provides a
nmet hod wherein said transform doefficient values are
in packed format. 35 Preferably the present invention
provi des a net hod conprising including the further

SJ.II%@ epgblyp&?ey %Qgégﬁg ﬂjwteg{:_ g:r_lovo':ﬂtdeg u a as eém e}:nlssg_%% rphe further

coefficleéent a 7zl g-zag t on
fsrté*au%%cyrs‘fentba%ﬁlF%??&éO%fofnavﬁnztéF%d GuaptfoFBcoefficients at a
trignsiosere aebt f bnehas=dabn shiedf magezag od (ocggarence of non-zero

pRSht i 043, tﬁiﬁfpfﬁ%@@fﬂl@ge@st et aédl@nzﬁ-zgcfﬂ%can position; and
%(}Ezﬁiﬁ%tgl Qf’ce¥§l::&§l EP %{S‘gﬁ%&t a&f&lgg :Enaggled aq&ar‘?’talzgttlon table

2|g zag scan position,
PCTFEED (037 TI38FP PoS¥r8ferabl y the present invention
provi des a nethod conprising the further step of:
prieventirsg alskesat borecaf t@@@&ééﬁdlﬁﬁe%653r9bﬂbv1des an apparatus

%@f éfaﬁfsggéﬁug‘agor&megée& éé‘rf% %89%u9‘9§ért Icgﬂ e%g:?ogi %omprlslng the

nc drrence non-zero
LY o per P T Ert Fat SarePs .d@%@gsiaaﬂ GEBFEFTRf data to
dramsIysneveatt trepsdbrecaef Diviefit vhéueuanedmatonredading a range of
Ig2i8 adnthnfiteddl i Zaisform tcabfﬂ.cu_aﬁt SAltGesitg- ZAg SCRAMized transform

%%Hfi&@nt \(}aq\ﬁ@g offr PIRReS %91 ?1?& thL ha?lt@iﬁ‘?ge g.{: least one value

|nvent|o rQVvi an r or transco

con‘prdeusse atéf’%qi‘ag’}e 0r ?‘grérl' an F§§%|q8ﬁn‘€6ﬁﬁjr?ns%ﬁﬁlec in@eans for
FOLF PR GHFIRRSt s dfentisthsramfosntqospyi derodiahges @if dreduced
cenps s édrnd@tiacHed E@preesantaZzedatd @aRSEOEBY transmitting or
%Q%@Iﬂgc e f\ﬁ@-k}&@scon?ﬁﬁgsc'eg Qhed %Uﬁls@tgdaalrt@Pgﬁ qggntlzatlon table.
sai d quantized tran m coefficient values to form
qyantlzed transform coefficient values of reduced

MafYyRd THEA s thbrd aressti Bie aretswdsinensivabyevideg @ computer
guagtdrz atedrtt dbleet 130 1badanlanielot e dngeiant i @ablkOnot a digital
tc@ﬁb@serrre&ﬁr@rﬂgfnglg’oﬁ%gf@%d@%@i&g; $&t qaethéeQJhen said
%3 tog.g] rqglefxfll cl gl‘[l]t t:\e/:Ea‘I l’éescarr q';'lcf\:gd resergc.el 1

er conpr essed data:’ and ﬁ?ansn1tPV%é”8? as

§?8F¥ sﬂ?ﬂefurther conpressed data with said altered
quantizatlon table. Viewed froma third aspect the
RrreseesbMpRnbh Ot PROVLERS.c3 conputer 20 program

product directly | oadable into the internal nenory of
a digital conputer, conprising software code portions
f5p° BF ftnGhe RReTP S al BrenpiGtatL inew ke dgprrgbed, by way of
egaphlie@r only) €8I Yefdibntd @ optias @Btonpd¥eiHy 8AASgs in which:
descri bed above. 25 Brief description of the draw ngs

Enbodi nents of the present invention will now be
a'églé:lfq Bebs ab§l%)<;h%zft or high-level block diagram illustrating an

exemplary technigue of increasing the degree of compression of compressed
image data; and

Figure 2 is a flow chart or high-level block diagram illustrating
processing of compressed image data to increase the degree of compression

in reduced processing time in accordance with the invention.

Detailed description of the Invention

Referring now to the drawings, and more particularly to Figure 1, there is
shown a flow chart or high-level block diagram illustrating an exemplary

technique of increasing the degree of compression of compressed image
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exanpl es only, with reference to the acconpanyi ng
drawi ngs in which: 30 Figure 1 is a flow chart or

whie@hob®erel bl ock diagramillustrating an exebP@i/aBR003/003947

techni que of increasing the degree of conpression of
conpressed inmage data; and Figure 2 is a flow chart or
hi gh-1evel block diagramillustrating 35 processing of
conpressed image data to increase the degree of

C&aﬂar esuel 1 ;8 gﬁ@lu%qlgf&%%gééwotAn”%ﬁpar}:fa%ﬁ}g%fn% N804 for

the i nventi escri
vgnﬁ%n lﬂ‘bfeﬁé?‘g PIRNESHOH ©6 ?‘i’f‘é‘ma?%wmﬁ%% dabf dondrigich reduced
p‘é?rltlin% Uibdrh ¢ yratipt Findgng d eibillidy earids dosimenn iamabé emathar tnd
orombpb il eve |w1b11 atkndhragaadvai hd ysbEaddeB gardn wﬁml ﬁ’Js\t -processing

e e S 08 Sas e 95
e g‘a‘ﬁ Fr1o Cb’P? MCPpRMPPaineet of to° aftepFarat ggooding the
#idanet Fedudas dvipmed usinay Ysiog easedstt anpriegstom 0fble and storing

dﬂCUﬂﬁfﬁnltifﬂa:@etlﬁﬁteﬁc&ﬁdalﬂTﬂ.yéhdi@.dwgﬁd a Hﬁf‘éﬂ@n%hgﬁlzatlon table
rmllleﬁafégwgeé egi i hify and.d g %gnsrl'gqﬁgf ﬂggé Ly, and; g
andarf nd

iLit process
OB SO Bl Lot I RE T8 as TUEHF CiEter n FEgUreure gppiecs
ISP 066 06 gpchithie toumutdeofaiss that derpd irshéd boyn
reedpcedgdt e edystant Cid asge-aahcd heth rexges Bt 3zarPRe@di Rfcordingly,

trﬁepopﬂgﬂ @Ef FE&%@%QX%@%J&”QS ]Hc%.opgar% E.]!l retg?Jﬁd to the
uantization,tahle and stori %gﬂéhfdransn1

AEBtd TR uats i LADS- Rt Jian{T2E iionit 4BPELded to
ViliFEh teestar eadeveanfiinani thangesett tiheergripyiamal itsmgeitorious

dagtractdubl ng 1hBritberid seqGeny et enalusdec @dldﬂg ev!aﬂﬂ though the
%EEiI%L.QﬁlngI Féascugég%rfetlgeﬁ&rg eght Inﬁ;fé}}: |a9Q not Jt:ehfr:lected

tgchnlque to I nmage data as a ready been

conpressed by encoding in accordance with the JPEG

standard. Accordingly, no portion of Figure 1 is

adpne tdpedi ticabey prh@rimagé valuéL @gaesedtoid rﬁ.%ag@é' R%fdcuments allow a -

'r@&@églloﬁnlrpld%né.rﬁcl @agl%]el gj.d thge.JL ggdvaﬁ'{lgs mﬁll QI? akl:i]bé %.ater restored

an, under st and |n

B ELE RECFRVERE 5t CoRB | QSR BFFEdongin avmanic
|rla¥1$]%ft Mat e ther Rt ferldy2canvdngisopasired bleliofpmwgnon and image
tehoelghryt hellods Sturtiger 8big1@shoat Uk ehe0inddreadL56Mnd that

|cﬁ¥§é'ﬂt|19 nen@)ﬁ@yébo%of %fhl)ﬁgtt%gm tIHSﬁ eép%ed %Q:cygé %toragef and a

ficall e v% ues present. in I mages
oclllJcntéLﬁ?s a%éll"%‘—’\l/vvglm?‘e gﬁcﬁl B8Rt ﬁl%?ﬁ ® Fﬁﬁg@“@f” qfhgwo to five
CRERE oV HP UesMHhite brigantire ipagecupbistvored lehdl which is legible.
peesenvyingidetaicbnandt | Bgicthirdd tnyy Sdahba ehegieehl ok Bhscussed in

Y8 aP Gl BREEpo MY @pbhaakeLd cal |y causing sone | oss
of information and inege fidelity, allows further

conpression of the inmage data beyond that 25 currently
ERP Gy EBYGE OB Hiyr €atiteFodunki whtlspeesdicactiessys tcopbg dvandsimilar

dactor if the costs of processing are not considered. However, as alluded
to above, it has been found desirable to store large numbers of documents
such as personal checks and the cost of processing large numbers of
documents already stored in compressed form in databases in order to
reduce future storage costs or to provide higher speed accessibility would
be quite substantial.

This cost can be more readily understood from consideration of Figure 1
which depicts the process for further reducing data volume Ffrom digitally
stored data for a single document. First, the image is retrieved 710 and,

if compressed 720 with any compression technique including lossless coding
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reduction of data volume by a factor usually in the
range of two to five or nore while naintaining the

wopmgesmeanl ity at a level which is |egible. Legi/ieBRioBwo3947

of low contrast features nay even be enhanced, as

di scussed in the above-incorporéated application. 30
Such a reduction in data vol une woul d reduce storage
costs by a simlar factor if the costs of processing

ﬁfa@ch@gt tl'% néﬂ %@gea% gﬁvﬁ\égg da%g ailtl ngd%co up%oeggga/f%recoéed 730 by an

been found desir o0 stofe large n
dORERITRAE S SRFCASRLpEFOREl th(,eh@%néhdmﬁﬁ% @68t @Gptional
phiFtegsim gnf axrgerrrgrbeing dfs@Ssetbdunerd sbata éachyrporated
Sér1@6at idnCRPHES S Uufialbd Nndal ARASL Huk b 88 rlx{cQuded if
rgelce, f ugwbeloék%gge O3L2Ohe L PEAES NANGTs SPEET
access| b € quite supstantial
c BB b 8° 7é&dmh;? ERIERR (OBES T8 COtiS) chertat%ﬁowressed
Firpgpebly wilth whittifedepi cbmptdseipr geegsiabieor, fiarishencoded 760.
I e C £ 1) r@&ﬁ@dvﬁirig@elrﬁafg@m@itﬁi &ﬁ'm’lyho&t e6RFdatd)f 96 Rored with

SJ.LzﬂngEe %ﬁgﬁngnfo@gg%d t7'l}](? Iggz_g%h JErE%t]Bé'Ie%e?ed ﬁ%rln%rljags:mn, this

SSe ressi on

IWgﬁd?}i?(jmfjg%;F%%mem%ﬁa%e.Z%fpe goof substituted, scaled Q
PEPLEB2068¢ 03394 AprpYigest hes, uharraysb@rleldtlaes foaw dfTagEPEG-LS output
dedmappidy ktsbideconpr essed/ decoded 730 by an

appropriate decoder to restore the original inmage

dat a, tional . histogram and pre-processing di scussed

i 7 Whjelog*ﬁowdilh%dﬂflﬂﬁf 8t P¥appPic a6+ oiedale thetart. the decode

i iagstnecess i7A0 Fingdprdes] ebutopypgedoditnclededtifidy and an inverse

desicretk cbsidel oedasf4eh (ther)r angeasaf tﬁﬁ@r&ﬂiﬂﬂ@c&cﬁng is a process
rvﬁ'ggﬁe&gn i)é ’ca§§1ed‘gg{1terrr£ﬁ9§1q/'e§§f ]:78.?)?5.13} he %&@Hﬁf dCO(ﬁqugg%xplo:Lts the

data is to be co ressed
AP ot A GPRed; B EBCHGH) Pt H&s clicoteap ommon values,
Teenetde ine divd et veange renagferfatih, aruswifshoge of relatively more
QORPL ESShOthe bSh&t B8l Wbdlint 8NG8 o XPIANSHOADCT processes are

l&)@l@fuﬁ@z‘éb% m%ZQ coﬁgutattqgna]lpg rl;&]r;s x%sedT nPrgeSssél gor‘ reducing the

€ expansi on 1 n OffTHtIOI’] can

POPHE G SUDSTRTC 68, SoRP 0] BB GiELoFGr LoPHEp table requiring
appl rewEy orrsesEes maojl dse $rprebe dreratioh forx) BEG: liBage data sample.

Qllhbpphfoceéerﬂipﬁﬂl@ﬂlh@mnelma@% W & |reQ@1ﬂe@a§jiﬂo)fwélflﬂ@E§&%Qg cosine
by .5 bese g&f @gﬁa Qlérpeqﬂnttizga%nd%é) %S dl;lbq Ig%%lng, which are

process . 7 es entropy decodi ng, ganti zi

il e é’eln "§P&tY%t e cosine transform (1 DCT)

process. Entropy decoding is a process which can be

car wikd aDsd beetaddt Ve lwdeadiodh Yand( Bl APy 08 NGhose skilled in the

ec?%@l erlatts tﬂ@%bo&@%ﬁ:oé@t oF%ﬁ%m?@WQco\ﬁ@l:M?c%sj H’? Jné(ge data fully

fe i.ts and % conmon val ues resenti ng
n

STHVer e%i\’efﬁr bﬁp&a%f.%otﬁfsffﬁﬁﬁraa% Grar éarafl?w while
rﬁ?loée%stQ% )7@’1a¥¢l@%@Wlh%@IOMQaMhlZHIWC@ﬁdMperformed on
tihe 1dAGE @IHRCESSRBoAIa@ce with the above- incorporated application to

accomplish an increased degree of compression beyond standard JPEG
processing while maintaining detail and legibility of features of the
document image. Therefore, the data could be described as being converted
from the transform domain to the image domain (sometimes referred to as
the real and/or pixel domain) and back to the transform domain. Thus,
brocesses are involved which are substantially inverse processes of each
other, either or both of which may be computationally intensive and
require significant processing time when aggregated over a large plurality
of documents.
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consi derably nore conputationally intensive. The
process for reducing the range of the inmge 740 can

wheoosmsa0e2d out using a | ook-up tabl e requiri NBCT/GRR003/003947

menory accesses and one storage operation for each

i mage data sanple. The processl®f encodi ng an inmage

760 requires a forward discrete cosine 25 transform

(DCT) operation, quantization and entropy encoding,

\A.ﬁll Cg%e% %9%’[ gt @déé’ tlhntseaprx%I ¥ 1l:twhv_¥lgl | ?Qt gemains in
read der'st 6o nd a preci at ed t hose s I1led in

tHhe tl%?ﬁ‘ﬁf?%fio‘?aﬁ‘él 3%\?@“%@688—3‘%% b&t Cig“kjﬁ?% °of Several pairs of
rsabersttiaths ihver senage cdatlenputdry p3Qeaset yhi¥d ehemtdeying some
feile: € SRh ayor@EeHiBOI o aaeeeraisn@ﬂ(leb@ depEtHdNgY1 oM I1@e process is
Wegﬁeé%%§lbe%0as t égscao %dse.LgEé Cc%e &Qcapﬁg%%%sgéc‘c %é&tlo its

forme a in accordance
vﬁrtlﬁl]%aljref%t%‘bverfhﬁ Hé%“rchF%ﬁeéa %%FFPFcJé’tveﬁﬁl%Wlll now be explained
decenpirdsiceaanitinchealod degreet dfoeongr@sishomprrbeyende understood
setsaadlﬁ_rga IRES b cRcesSirAg JhbberaBlNiERE Ndigydes aut wed

F %.gll J_Jatgé( f%%cit. E‘.u£§§_no% trjzel&aagngncr I%ie%?ﬂ plu% computer which

ere ore, a a coul as ‘bein

CoRv e éanflrz%?ﬁ PHethS RRSFGF N HONBF 7P ERsHE F‘?ﬁaé@rfommg the
dédmsrratsd e messr ef einerrip asfighedr smciahdiugpose logic

RirsebsHapbditruaitd BAGK 1l od Beiddnanss @hp&lemBiTed Thise art.
processes are involved which are substantially inverse
processes of each other, either or both of which may

bé¢ LD MsEtEtd Sﬂﬁlﬁuﬁp‘i’%ﬁseﬂgl*\?@ Eidontrg gggfusgion that the image data
giighi dlireadt berevedsing tome cohmresagl feyatsedhoaercode in compliance
lakgerrd el ktand=08. daeusment 8. bANLRAR4LOB82022 the invention is

P%é) %99 3015%9 ?gaﬂbﬁ e, ?DO a-II;E tglag S@dﬂ&rég@i@ﬂt én%lgdﬁ{go \é EQ&% and that

sane r ta remalns_ I n
PRSI BT TORF (PR THUS 47| U BetT BPrEEES girioinal data is not

sieveramppedses Hfrm $elzst et ilakty dehvlerfoe wrigh suitable and
GRRPLABNMAIYAPTREES 08 Warar@geadeblyNg:as Oftthe
aa%QIVL_I %%ﬁJ:po%Q@@& essian §9£n data as will be descri bed

bel ow. e process Is wel | - described as transcoding
since the data is not returned to its original form
Tseabawiervipmwoct gdegfradees  ppdermbagatwe fLh aro@rfrnce with the
expratiad oddd accebdanceeiMinbgd At | iewrehdktedf (2EDQURe

o‘ﬂ@f&&eﬁ%t@l §§) eggr gécc‘(}dggdz.ZOa%o q_”elgk: tﬁ Qilatgl t%:iﬁhe form of
it

ram o aratus 1or carr ustra

UREE GHsCo TR 2 Br odPam I eraPal buF Poei BBl g fictents
wisine hheh0 beii dilrepial ve oedicgdr ad ibjusthiat et @gr 24 pnd entropy encoding
Aevapgereids bosrpebiwItNGikhPe rikl |disteadadwiidnciianse

%ls%hégéda[ljl YieEQﬂ_f lbgy(gv\?d ﬁe%hg‘éhegué&ﬁﬁgsél%l £s then completed by

I'OCSSSI ng circults, as w dent

s%offfrégd Ph THETHSE, &‘Tﬁnsf“%t%ghr@& f%ﬁ“lﬁh?gpﬁg‘é’%"pé’f Spgpged data
frdlthosvipags Hins dufyimapianhas itlResirrage afafdl- 15hevspansion
alnreathtibe eRCrs edmbena tErvC 08 dhes satel fedicsl@h o@Smay be chosen

c&dgrg)ﬂdgomel anee Mthetdhe JPEG standard. It should
understood that the invention is

By avoidance of pairs of inverse, complementary operations, as alluded to
above, the entropy decoding process 230 can generally be performed in less
that one-quarter of the processing time required for the complete image
decoding process 730 of Figure 1. Similarly, the entropy encoding process
can be generally completed in less than one- guarter of the time required
for the complete image encoding process regardless of the compression
technique or standard emploved. In general, the process of reducing the

range of the quantized coefficients can be performed much more rapidly
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conpl etely applicable to any other conpression
encodi ng schene and that the above assunption nerely

wa@e@ia2oehe case where the original data i s noPCT/GB2@3/003947

conpressed form (e.g. raw i nage data) for which
suitable and 20 preferred net hodbl ogi es and appar at us
are provided in the above-incorporated application.
As an overvi ew of the process and apparatus in

aQIQanr gl@é’"igdly\@tt:l.gntcﬁe thé %ﬁif Qang%; 8? I‘ngg ccgarggr e%s:ggcularly by

i mage data I.s retr| resse

&SROy SRR DY 01} &t S ERD dRL < o EHETFETnhe Sain
ofn pa%&asnm@pee@fpfmm@oﬂ by tTheindynbinrc i afgéeadt mhéactor of four
queNbf zeed cao efefl intdre bt Sategansehesn 1beigl rreetdne tedueed

a%échgﬂ%hEﬁés%dF%ce%égr§r}g %Hl‘r QIHSV EE@P %gldn&an%_%)at \Mg]m aﬁld

era sinplified proCesses
V\ﬁifquaﬁ%lzali%%b?§%‘bessﬁx%et ai| below. The further

conpression is then conpleted by 30 storing (or

ot et 2yt dandaifd bh Bncblthg e5edsb8Y LB FQNYuRNREOERE and need

d@t;tabe V&ltsgusegéﬁaﬂﬁltﬂgr'éycgﬁmgl e§§e Iéhalesfc[ragr?& ?&; encoding,

nsion I nformtion ma enen
e FaR U BT PRI GP™ rEy DI CHoBor oo i U BlAcivey sinple
STRPEPI Y g ene Pl afte RE Rt OPY38e By o arfoitHarrsd sbfalpapmyegfed data or
| Atersa,iveompl enerbar shcopeiabt@itodasedabl udedsdse standard. The

ahQKEss to@er&ﬁkmgf’)faii&&%‘i' o BLARESSy ?C%Qfgmegey%e' dh be

be perfo

ne-quarter o
S SRERLPHET (B LdtrE e FBRo: ORI, o nenory accesses
o@@oa|ﬁ@rm%@éssat¢3@ ot Ffa@urmaratlzsﬂ rdcle@fiqient lprocessed or
erdgu o ge AEDEI Neh QROERRS af @BedhengefirakbihdCofpipet&tion 740 of

'ﬂglugé%. Ebﬁ%agﬂelmagléaéahﬁie of Hgvt;@fet:l r@lerﬁ Erecsjf %%m}%%s in the

the coml et |na e enco process re ess o

coOlpF €€sPo fqtie & Wa g 4oy Bf?&rd?]r?c}‘ while the
gemeealot thﬁ%%@gsf@ﬁlﬁ@f@dw@uﬂh@ spadFerofvalhed coefficients
q:uaat:d:czfedn@amﬁtlh GloB CBﬂ%rﬂEomr Eor mpd saxchmimo81ock (preceding

r’@]@ gzh&o%l%@Q“(l’zQ)%?%kgggy%&gO%/ OQJ‘?E%IAI uc%llégéaghirh%lxty— four

UC |on c_range_o

paanrt P aﬁ‘“l“i}" o5 %%’? BT ecWFaﬁlé’s%\?\ﬂ?ec [y |Hreprpn-zero
dl@é&%?@éd%ﬁlféwen?ﬁeqﬂaeﬂf be eseduped, gahe aciwalpnptlesys pAguantized
speediqdrovi dedotnent bgen D¥ENt | Wk coSeB! sbfasiear frach€ may be left

QIncEQIH_:fed @[@1 Qlflé %r?@}‘ o@encﬁl"ggrcg g@%ﬁ i eREe aJ lz@ 2?:1% scan

eC|a 0S SsOrs
I Bt HRPS At GhE A SERCAAP Ol FgRe not Justify the
procesorpgtatiae asnt m@ba@@éae rpoardrtépeodinnghich case, the
prageisse sorarvelue | dortierdendireodo andinged it ol mbe also be left

djn%ﬁ&&ﬁi@dlrt LthE h_eé’nggxl%cegrgiﬂogbéaﬁﬁve 'Ithgééfgxgr %t Epcpééss:mg time
%x)reé(g th stat|§t|ca anal yses ggf often be omt

the ntl coe 1 u’t—r tlFOri‘:iSS Sfpli_aﬁ: ical

or Feplaced b5 Felat Firefy
éﬁtF%ﬂ’oy oE B ﬁl@cfbfleﬁﬁethémﬁ}%avaré@ﬁmfe§ ed-igatgeyired to reduce
alyneniratranves of oclentrnapy sendedi ng accomodat ed by t he

JPEG standard. The

Further, if the range reduction is constant for all quantized coefficients
which have thelr range reduced, only one LUT is required. Even more
simple and expeditious arrangements often provide good results. For
example, it is preferred in some cases to reduce the range by a factor of
two which removes the need for any LUT and the range reduction can be

achieved by a simple sghift on the magnitude.

A speclal case of this simple range reduction embodiment is where the data

is maintained or presented in a packed format as disclosed in the
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process of reducing range of the quantized
coefficients 240 can be acconplished using a | ook-up

W a094m3022JT) which inplies two nmenory accessesPABGRAE3IM03947

storage operation for each quantized coefficient
processed or requiring reducti @@ in range as does the
correspondi ng operation 740 of Figure 1 for each

i mge sanple. However, the nunber of sanples in the

i BBdfe- %o@ Qlf‘at@dgﬂflr% 1Pét‘% @l %¥§ca§cllcy5}1é/ Sf OHI‘ CB ?36 444 and/or S. N.

uanti zed coe

ck whi |, e t nunper
(P %%Qdf%glg % 6. GAITORUEEH 11 EPGHUETags fvo invoives
aé‘&‘}ﬁéaﬁ@@ e Bugkerd R orve i ors frémrthehsizeaie the preceding RS
meedeobl o khé priceediing id hee edupic blsol:é‘ss( EGB) the powers of two in

n@ﬁé‘@éﬂg%’ Q'JQQLIIC)tlloﬁ Q:fhge&erﬂfaelngshc‘ast g?&h é&cyed I:g Lyer? and the

ess than si xteen. Sl nce

mu
A s L o T bt b Tongesoniie new zero
t peefadéeinmt wintbehe glingurineersd iteelf iei entieri sidf peénit.
eN@RvELS She MUtROViRImbes e bRl 4 cihentSiuray J:Qtﬁgtla efata2H the new

umagﬁm%%lﬁ.h&n{a%@% ga[mengp %&%EQ O%leflf Ib%' J_eégucegtand it is

osition é . posit
R B oD Bk BB GORREE SuEEte § UNGo= (st pg reauized in che
cofsuPztiiegnfamat poShidl ehétige dbighadatduoh, ofi meldtiighly simple
casBtridhe peRBEi AT eV abde r6@sesPANdbig phokdd@bfmat, the same
pﬁ%f%l’@ %a%é o@gﬁlg:lkegerl %I:h t'ﬂgcnt%ggg J:laggé hﬁtgan%ga reduced range

t or at data. Therefore, the processi t1ne

Gce® t nreé)ﬁégp%fr °t heélcaﬁ%%tf’z‘@%?a&ﬁe@lel ’E?Cghtlgcﬁeé‘se%scompr ession.
aItprSh@Hdc af navedtier thiof regerduched ¢ébs Wufder deédywartmyressed
Ofuchhezdd pEeffeqiéntedrémitemtiae 1yBamic biedgaoRfzebbger

| i I oF nahf cdqne rg I gn
ConSt B For A1 quant 26" EoeT Pt ol chis L3 fnr Pk

their range reduced, only one LUT is required. Even

NSt €enicap| @raﬁwjé%{@e@ﬁttai oUPrassiangeHenUBE@Rr gfmetic coding
psran bl ecagOpEl uses ud sutdﬁﬂtlcaﬁ)lﬁr@llo@a.dé tent Soif & afnlcB8@led Qata close
S&H‘f%h&f’él%oﬁlp lﬁﬁpéicgh$$§m£%g;ﬁg n%q_gﬁ thfLe a\%ldlng any image

V\g]e r enoves ed for any e rang

G313 6R™ cHIY B‘é"l Eﬁlséjfi‘éopﬁr?ﬁe%s%ﬁgnﬁ“? SP fcf’l{)‘?f’ttlﬂ’é of statistics
n’ﬁ&nF‘PW@ HYFman sppdeprl ceexBngf tThesdatienpire themde converted to
recelino nrPEoTadh Merkr IS meher aedt@adata i s mai ntai ned
or present ed in a packed format as disclosed in thedV\D

032022 PCT/ GB2003/ 003947 _12 above-incorporate
OS2 S Eao=R o1 138 MCARE 1587996 AP R IPest in the
NELOVEOIBOBR RGeS rrowhi @t i o than gerraduermssby pewers litated
ofhetraliy .i NUOIpse8icaub] raet img bieceAurdekt stlllaﬁél\&ﬁ&pﬁffled

tcﬁ@xef:étg_%ht&.e cﬁ's’gcgn h@ffngﬁ E{bqggdﬂcﬂlgt %cge%[ rérfg Ql?({toder Custom

val ue. in I.S ess .t ower.s
B il Talt 1 L LR LIS POt o vacer
riegneefing ekotakgsehae fRiKberrgbseivaf f | HeentBefine tHyffman Table
r (AT usirkees extehdedsicrebdcgard ey NEWnZ Efd JPEG image encoded data

in a JPEG-abbreviated-for-table-specification data format so that those
extra bytes are not transmitted if the arithmetic coded version is
sufficient. (Note that the DHT marker will not be needed if a Huffman
version will not be desired. The DHT marker is used if a transcoding to
Huffman is needed because the decoder of the receiver does not know how to
decode the more compressed arithmetic coding version.) Alternatively, the
unused custom Huffman table(s) can be saved in a JPEG Application Marker
(APPn marker) as detalled in the above incorporated Pennebaker et al.

publication. The fields of such a.marker can be registered to allow
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coefficient wwth the runs of zeros, if any, on either
side of it. However, the total nunber of bytes in the

WO e@doadm21 ange data in the new packed format BT/GB2003/003947

remain the sanme or, nore often, be reduced and it is
10 inpossible for a greater nunbér of bits or bytes to
be required in the JPEG packed format. Thus, while a
slight anount of relatively sinple additional

p{rﬁ:“e§§§éﬂgg %fbgher %Q r egué‘llls hlgn.g{e@erEaEGb %gdido EJM ‘the image
5t e 4

the sane fers may be overwitten W t reduced
r fHGe TATRE ARE~Fddced range data is then entropy

re- encoded to obtain the much increased conpression.
156 lebrsheut skdpe inaihedrdridet Fiddct £gabLoddial dhepbtéli@dite custom
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CAQSE% 'é'gf tf_ﬂga‘[l]_ot:ﬁblrg%aftflgg EILJ% érﬁc@ f\t}e'%:hegn%]% ﬁ&%%% frequency of

u
es can € Sa

stom 3
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t%e bhselnrharBPPEG teonr cysioe. rFuescedeatiore thef falasters the levels
Tadakeher(. DHIQr mBvker sha0ub hdersieeth separ ahely cht&Brs can then

t&ecgﬁgear@g%om%gd% g? ﬁlvé nf:c%quenqy of C]:ae caftegorles A

JPEG abbreV| at for-tabl e-specificatron

SEPRAP RO SE 1‘&%&% o é%noéFet}t?oFftercéngtntthfeeﬂiqsf bgqoging longer.
afatendeti ehe gded aperst drcims 8Bomhgkf $igicernto neNotoa- dramt
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ee(T Jbecause

t ransco n I S

8’08569 Cf‘)‘ltEI Jt"%ge? ecélétl%eeﬂt 8Jore§t?1%1t5tliﬁ%v€°ﬁowet 8esjd‘€80368é1ge
tiseusios - c diRgeessddbartickemehhe dddberpibbe siups Of zeros combined
Alitter siadebvied Yo tHe maxtiiduseshslistOm-Eufifipnen takde s Ganious

%Sgayecqbw nanyalié ﬁwlgggétﬂog%d@gge%né&s(/gg n m&é&e e actual

S get ai l ove i ncor por at ed_Pennebaker et

SHIB TR AETBE S L e BF° CUbI HOMHT KOR® QAR e this
rc@@fisttl@ﬁeéis tsetasficd D18 000320221 REF CRZOOIDBBQLLoding from
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eél&@@é’é’@%&"‘r!e@ Emohmeassisting in preservation of the gain in

processing time reduction which is otherwise achieved by the invention.

It was alluded to above that some of the quantized coefficients need not
be changed or modification suppressed when the extra compression does not
justify the computation and possible edge degradation. The decision about
whether quantized transformation coefficients in particular zig-zag scan
order positions should or should not be modified could be made on the
basis of an optional histogram of the number of non-zero transform

coefficients at each zig-zag scan position or, for example, estimated from
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data or kept separately. If care is taken in the range
reducti on process, an approxi mate custom 5 Huffman

wo aism3man be estimated fromthe tabl es prior POT/GRR@E/003947

reduction. For exanple, the shift in the probability
di stribution can be estimated fifomthe anmount of
range reduction applied. If the Huffman table in the
decoder is not the exenplary Huffman table given in

t@%u‘é?&ﬁﬁ%ma{igbl E qu_ 1§§J‘_Slzh zg tQth_Laé é‘{:s QI‘A in
1]ZL t@% % QF Vv ar not
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cast erhedaby el irafreediargapsodeurresmgsedihs yatrohsednd, extreme
unRlkessnrbhesdohual 30 histogramis collected, such gaps

are not allowed. As long as this condition is

tis s _expedi ent all ows imedi ate_transcodi ng
?I?f omcug‘r‘%gﬁ1 H&Ef ]fengﬁs 567 25°6 Kot RelPlEg oAt case
HFPReROT g te the taﬁéthmeﬁamq@glmq: tockeddedtne théfmpantables were to be
hiestier ahe rasBe:s oif NIGL HsNagyigaed iat L rafi-dhe1gad NEGE) code can be

Qﬁi@i@@%‘ ng gﬂenﬁlrfc%g&{:tu'sgél t\@hégln.mag’e ge£1\é& §§g %%Qh% %Qtlon at
uded to above

|nvent
“¥1 lheto BT ‘g%y&%%ft#‘l MR eﬁtfﬁcheéléﬁ ndt tklfeAEh%?ﬁﬁEb‘”&Pt Huf fman
r?@é?fﬁa@éﬁs olrirswb FRedved KurdntiihdPEX thegheiompr exssii firation
doesluietl ij udtifextt heoeosgiibatiy0Re fdtdnpPOSHLHEIE tBIIDB has a four

degr agat l%thTﬂ? tﬁ@clﬁ&ﬁéfhc%bgégle g\@ecto Féreq{u@@t 4 288 bit code
tl%%&?ﬂc QL{qn'Bhel %Qrc?m%galfléec Egbnf S n %tlé Wlth rthéI Penzg s Sogfathe other
run/size combinations, an estimate of when in the zig-zag scan order to
stop modifying the coefficients can be obtained, as well as an estimate of
the bit savings from the modifications. The longer code length for the
EOB in the luminance AC coefficient table indicates. that quantized

transform coefficients should be modified at more zig-zag scan positions.

In this regard, care must also be taken to avoid allowing changed

quantization table values from exceeding 255 for eight-bit precigion in
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40 order positions should or should not be nodified
coul d be nmade on the basis of an optional histogram

wotonles2orzinber of non-zero transform coeffi ciRPCt/SBa103/003947

each zig-zag scan position or, for exanple, estinmated
from WD 2004/ 032022 PCT/ GB2003/ 893947 14 a custom
Huf frman table in the original data. The | argest gain

in conpression will be achieved for those zig-zag

sa@nop&%gi ogs%pygst Ror T ROHERLY ¥ G 4 'oggcﬂéoanzg%gl precision of
%ané ans or coefficlents. [ons In

A GHET 36T ANLTRrATERT &St drnce is 1

5 35%1 Y, If ﬁéleg@ﬁﬁltfh?ﬁteerrpraés% of e Iden@ierj o5t ieflyeadyeat 255
Cefpud atlicoretiibieccotomichea e goadainben-dadcet vagerpdal ddaphcized
eéb%@ficf:.eﬁ@é ycaﬁl 1'3@ met t-Eh Qérc; t}_@ le?stsagljlalght 'tlcfec‘ rgt];geg r};%(iluctlon but not

non zero guanti zed_transtform coeffl cients,
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saliagsrantksthictedsss stighth bidentd. byimg Bd@11f 2agr&8a8oding) .
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brﬁ cha %g Fr exa@ on the reverse, si de, of

ks 5t E8TeRt vvllFIlsn(??e%lt\]i%é?sthﬁemv&flth‘?lbﬁro"ldes a
CURE PRS2 ac Eiee Hapepyessany érine| for fkedepsing hemmression of
ierymehitf Liedgentiatss batdestbas ngntialeBaivigher cbag:38kion during

RS Rind fth'éhgncroagél %@_@LQL %ﬁz &&Eg%gfeyh{bgtcg%ngﬁ Zt%% transform
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%ﬁzﬁ‘gc‘iﬂa?l e

"7et atf [ VePyeT ifrede et é’lﬁﬁ hfe?%“putatlonally
d&éﬁlﬁlz’édd%éﬁﬁ@rcm 'sipgersgppianefiorm tg udle vealddwagy tlomain,
irsny¢ keblyctilat id rage-eal 11egeodon:zhe ﬁﬂd&ﬁ@eﬁﬁrﬁ foWrddd transform

Rt r@@lrﬂogﬂ fth@d:x%ﬁsmiﬁhd%q.n% Eersé'l arlltrlzg{z, %eg%{ﬂ:% being able
the |b| ltrgé@ and d%iall of the or senent s

st gnl f| Cant ant ayety’ do%@gretfﬂ’ée' Pﬁ?@?ﬁsi%%l}&?‘? orYYj fpurther
REPTSSEAT GNP eRorarIFer dithethe hiamerHenr allibelypitrabe 20t more than
corBiUartsr i shabirbidspit® thineateqhl BdaS hdrMeeRefekk ChrL Ak Sperformed

ah eid ferent 1 RESI$1:QRSqaddd il 21 9-zag scan order in a
di fferent manner and thus preserve image feature

whi ch nmay be of increased significance (as nmay be
HER CRee@ B apeifd clendguerr peateddewn r sbacaptivtiice for the
dohfrewi hgpolexbrerRandgtalt a m@ﬁﬁiﬁﬁSHmﬁnaﬂ&ahoﬁe atUBE ¥-imated by

HHfLIﬁgff&ﬂetcﬁLQll @aﬂ’!@stpee%ﬂlﬂﬂaﬁ:%dtl{é) e!l.ac:‘t v@c}frléqlﬁgn ReCHé®he symbols
nscqdi na% ttheeseylrgbi metic Goding to base i ne ]
fman apres S HEPPREEABET Y he" Hu Bl L6t 5osng down the
&%%ngﬁéﬁ YL £+ eER? Lot @ BlesERe (EOBJo @éélb meage pdjacent coefficient
ifmeduegdedes .n Ohehbuncirbos, vael Huarfest codd @ilheczl prgdless bit

§684 ROStrtiis0Ba A L3RI GR Efpecﬁlteﬁplég)gifly h0% tREn combined.
coefficients. In the AC coefficient Huffman code

tables listed in annex K of the JPEG techni cal

SPETITPFEEOBN " PrPRISTHRY Hifie 1496 ewenst moaFpuroaded-cy direct and
sebereente. abéwg)iot hed BB doas & Ebddage of images in order to
economically provide high speed and “on line” access to such images for an
extended period of time and allows such benefits to be provided more

readily and efficiently to existing databases of such data in compressed
form.

While the invention has been described in terms of a single preferred

embodiment, those skilled in the art will recognize that the invention can
be practiced with modification within the spirit and scope of the appended
claims. In particular, the invention can be readily applied to compressed

data which has been compressed by any compression technigque and other



bit code length in the |um nance table as conpared to

a two bit code Ilength in the chrom nance table.
w@oovbiosaseez2 Wi t h t he | engt hs of the ot her 35 runP&i/&B2003/003947

conbi nations, an estimate of when in the zig-zag scan

order to stop nodifying the coéfficients can be

obt ai ned, as well as an estinmate of the bit savings

fromthe nodifications. The |onger code |ength for the

EQRiN Lhastimpange. @grggselfotﬂ gtg%@tttn%bgg g %sattééhmques

that uant| ze trans rmcoefficients s

noHPFEd9ate mofe’ FgeAag2E¢an positi ons. 40 In this
regard, care nust also be taken to avoid allow ng
changed quantization table values from exceedi ng 255
for eight-bit precision in WO 2004/032022

PCT/ GB2003/ 003947 15 the original sanples (or other
maxi mum based on the original precision of the data).
(A zero value is not allowed and thus the all owed
range is 1 to 255.) If the quantization values of the
decoder are already at 255 before alteration to
conpensate for range reduction, those quantized 5
coefficients can be set to zero if less than the range
reduction but not reduced since the quantization

val ues are already at their maxi nrumvalue and the
additional range restoration is not feasible when the
quanti zation values are restricted to eight bits
(e.g. for baseline entropy coding). 10 In view of the
foregoing, it is seen that the invention provides a
substantial reduction in processing tine for

i ncreasi ng conpression of docunment imge data by
perform ng the additional conpression during
transcodi ng the encoded signal by doing range
reduction in the transform domain after just entropy
decodi ng that avoids the conputationally 15 intensive
dequanti zation, inverse transformto the real/imge
domai n, range reduction in the real/inmge domain
followed by a forward transform to return to the
transform domain and a re-quantization before being
able to do the entropy re-encoding. Therefore,
processing tinme for further conpression in accordance
with the invention is likely to be not nore than 20
one-quarter of the processing tine required when
conpression is performed in the real or inmage pixe
data domai n. When the quantized coefficients are
scal ed down, the statistics for the Huffman table are
changed. A revised Huffman table can be estimted by
25 using the old table to estimate the rel ative
frequencies of the synbols and then scaling the
synbol s appropriately. For exanple, scaling down the
quanti zed coefficients by a factor of two will nerge
adj acent coefficient
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frequencies. On the average, each Huffrman code w ||
need one less bit Iless for this case because two

wo ec@gs2et es wil | have been conbi ned. 30 Thi s PETGBRI0GH003947

in processing tine and expense corresponds to a direct

and substantial reduction of the cost of storage of

images in order to economcally provide high speed

and "on line" access to such imges for an extended

period of time and all ows sucQLQ?ﬂgfits to be provided

nore 35 readily and efficiently T0 existing databases

of such data in conpressed form Wile the invention

hhs bekmegbst fobedanpcdd@noscapbresssiingdte poeffertied compression
ecd@di seRt thd Beses skilled in the art will recognize

that t [ Lon _can e practiced wth .

nodi u%iﬁr%’%%%k%%@l% tg%éi g%?%bﬁefg%%g‘ag%gﬁe%?“ fRgptized transform
APPERYTFTEI G MES I n particular, the invention can be

r eadi | ¥e%apptd edranyecohpres spdnt datatvdnisCbrmhasedetent values to

crpr @ssedzdy tanys reoniRssi Aknt 6shnkgue a0d 0k heh WO
2004/ Oﬁ%@?%ﬁfg/@%(?oé{eogﬁi7in ]an{l%lscSl%ation f:?blaés to form an

Hh%n§£ rn}Q9sed_co ression algorithnms as we

tBchnT qiEe  "E8ht Bt Mg/t o the JPEG standard. WO

2004/ (3202 PEIPEBI0VSL00ZI4 T zed Fr@isioMs cobffivimpt hadues of
frgauteansceditngrcanpiasse dkoat ssdear afvdr; t her

CONPr ES3h oAk + £ CRGTRY §ll,cﬂgn& g&%iﬁt %PQI :coﬁple&tsregpé/ ta with said
%1%89h9%m§%5%a°Q£P£e sed data to form quantize

tFanstorm c6arficia ®-val ues; reducing a range of

sai d quantized transformcoefficient values to form

uant izedtiadans faamenehfdleiiant, wabktes ofida ediced reducing a

rANGE;rdlit & LM abnfeast , e yalye . j1 a quantization

table to forman 10 altered quantization tabl e;

entropy encodi ng said quantized transform coefficient

val ued BFthfegticdaitehde HGinornihentiheraidonbreasd ethantization
daflags amd ir ahsmatte ng Drecsths ifeg sahd Bit bhefision in original
cREpressess data with said altered quantization table.

15 2. A nmethod as clained in claim1, wherein said

step_of reducing a range reduces said range by a

ffactr M6FP¥WeS Baipedrethodaas %l dhenedni sricl altnred quantization
Wwhéved arsaindtiad trenge ofuanio 254 ifom eight bit precision in original
data samples.

5. A method as claimed in claim 1, including the further step of
altering a Huffman table based on the alteration of the guantized

coefficients without collecting new statistics for an image.

6. A method as claimed in claim 5, wherein said frequency of occurrence

is estimated from original Huffman table data.

7. A method as claimed in claim 5, wherein said frequency of occcurrence

is determined from a histogram of said quantized transform coefficient
values.

8. A method as claimed in claim 1, wherein said entropy encoding step
comprises arithmetic coding.

9. A method as claimed in claim 1, wherein said gquantized transform

coefficient values are in packed format.
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20 values are in the range of 1 to 255 for eight bit
precision in original data sanples. 4. A nethod as

w@eb@unem2i n claim 2, wherein said altered quaneCwaBR@A/003947

values are in the range of 1 to 255 for eight bit

precision in original 25 data $&nples. 5. A nethod as
clainmed in claiml, including the further step of

altering a Huf fman tabl e based on the a:teration of

t u [ coef.fiLei.ents .w thout collecting new : ,
s?(gt ?s’?:}%lstﬁ?oﬁ Saﬁ%l&rg%elg §%ﬂ§‘ R}A“’#Sﬁl&ld "_s%ls& c,slt% éda%%erlng said
cFailits: “RfcPelh Tarad Fugtidrey BF tokeulf ettt lenagtary to said
estdonaf egdfciom arisgonaiorHed fdman teabt eordatralue?. A

method as clained in claim5, wherein said frequency
0I1_.OCCAJGJe€ﬂ&£ ssél.aliﬁ (g%tnegfgi?leg, Tc%r%rr%iasipll Si‘l;h%gjt:arpho}c: step of:
said ¢ antlzegl’ { FANSfOrm coetficient va?ues, B R _

met hod™ a8 AP TR™ Jo&i fn PR euBr 619 2dAPERTERR rfpyhe quantized
eSS 81 Higrst eff thewnprl bass ing inehnekitéstiodi figr adOinggeA

method as clained in claim1, wherein said quantized

tyansf fdGl: ya e_i cke t.

2004 033555 Pe, %.i.f%ig%m‘%ﬂéo%%ﬁ% o o G IR RE E ey ¥
TAPRET Pt ISt S wWHEPeP 9457 0 "t o FaRlie €2%ng sai d

at | east one value in said quantization table is

conpl earenatisidy ab oclsanel 18t @piaf 1T edueidAg Saiargantoty of
Sc%cgrﬁéncge%ﬁeﬁ@ﬁniﬁ% U om %}st&rgﬁt&oggﬁ éﬁﬁgr?ﬂl%g dfnsform

claim 2, conmprising the tfurther step o tering a

(TFf Fn Tabi%e “Based on the alteration of the quantized
coefficients wthout collecting new statistics for an
ifage.A h2tholl aetdiednas iel diaard | Fhetdnmsdil, enh@H@i dhcoding step

Siiréndf @EHENGYs Qfri cikfbraecaydigpce s estimated from
original Huffman table data. 13. A nethod as cl ai ned

in claiml1ll, wherein said frequency of occurrence is

det erfri RRHFr 8fn A2kt é8r trdR Barkerginntdidetransform coefficient
tvednss ere ircpefiadcfemtatval ues. 15 14. A nethod as

claimed in claim?2, wherein said entropy encodi ng step

fyr thep, comprises ard thmeti ¢ coding, 15.. A ngthad as )
c]]lééi me eirﬁ Qf)giarﬁ ﬁ?gzk%eerlerll " aslamll_g’t%amﬁjsff%lrnr% o8t %%‘%eeﬁtsmp of:
20 valGEEdr8Y i tHatKen torHartized transform coefficients at a

zig-zag scan position based on the frequency of occurrence of non-zero
quantized transform coefficients at said zig-zag scan position: and
preventing alteration of the quantization value in said quantization

table at said zig-zag scan position.

17. A method as claimed in claim 2, comprising the further step of:
preventing alteration of quantized transform coefficients at a

zig-zag scan position based on the frequency of occurrence of non-zero

quantized transform coefficients at said zig-zag scan position; and
preventing alteration of the guantization value in said quantization

table at said zig-zag scan position.

18. Apparatus for transcoding compressed data for further compression
comprising the steps of:

means for entropy decoding said compressed data to form quantized
transform coefficient values;

means for reducing a range of said quantized transform coefficient
values to form guantized transform coefficient values of reduced range;

means for altering at least one value in a quantization table to
form an altered guantization table:;



16. The nmethod as clainmed in claim1, conprising the
further step of: preventing alteration of quantized

wo ca@ndBmem coefficients at a zi g-zag scan posPeCT/GB2003/003947
based on the frequency of occurrence of non-zero 25
quanti zed transform coefficientg%at said zig-zag scan
position: and preventing alteration of the
gquanti zation value in said quantization table at said

Zi g-zag sca gsition. 17. A nmethod as clained in .
o1 81 m R BB bl g5 HapBefl EEold cootricient

pYENERt T oA IeEr ERT96Nt O FE O it P copRpespeft ifpta; and

coef f | mde@nt Soratransnd t girwagr staniqoshid dortiasedommirets®l data with
f EBQUENCY-8f qRE eI 8PS 8.8l NON-zEr0  quanti zed

transform coefficients at said zig-zag scan position;

and preventing alteration of the quantization value in
shi'd RIETPLET BPOrrRmRredatt darertivglordghie ditto the internal
pogiory orf. a36igi8al Appattatuscdroritimanseiidbng codapressed for
dadrE o bRingl, Uitdaeka GO BP(BCR}_%@ o0 r_uﬁQ:rﬁpEi S dhe cSt@Psy afut the
TEANSa [ o EOLLAPY, degaing, 931 d conpressed data o
forn1quant|ze§ transformcoefficient val ues; 40 neans

for reducing a range of said quantized transform
coefficient values to formquantized transform
coefficient values of reduced range; neans for

altering at |east one value in a quantization table to
forman altered quantization table; WO 2004/032022

PCT/ GB2003/ 003947 19 neans for entropy encoding said
guanti zed transform coefficient values of reduced

range to formfurther conpressed data; and nmeans for
transmtting or storing said further conpressed data

with said altered quantization table. 5 19. A

conput er program product directly | oadable into the
internal nmenory of a digital conputer, conprising
software code portions for perform ng, when said

product is run on a conputer, to carry out the nethod

as claimed in claiml to 17. 10



