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DOCUMENTS DESCRI PTI ON BACKGROUND CF THE I NVENTION Field of the Invention

5 The present, i nvention generally rﬁl npress, on of data
repr esent i ngwonamsegal i mages for t”WIﬁW/#ﬂHlﬂﬂMland/ or storagel &gl 20050r e
e i mages RGT/uSOR36seNt s. 10

particularly, to extreme conpression of
Description of the Prior Art Pictorial Hﬁ’ﬁraphics | mages contain
extrenely | arge amounts of data and, if digitized to allow transm ssion or

processing by digital data processors, often requires many mllions of
bytes to 1 represent respective pixels of the inmge or graphics wth good

fidelity. The purpose of i rRNHANCED OMPREESTON HF Boéﬁﬁi:@ff”t i mages with
|l ess -data in Oder to save storage costs or transmssion tine and costs.

The. nost *effective conpression is achieved 20 by approxi mating the
original inmmge, rather than reprodulFAERIRTIONact|y. The JPEG (Joi nt
Phot ogr aphi ¢ Experts Group) standard, discussed in detail in "JPEG Stil

| mage Data Conpression standaggeog K and Mtchell, published by
Van Nostrand 25- Reinhold, 1993, d\/\%ﬁu}éﬁ%%rg TN, i ncorporated by
reference; allows the interchange of imges *G0002* Wo 021058000 2

Field of the Invention

5 The present invention denerally relates to
compression of data representing graphical images
for transmission and/or storage and, more

par?icularly, to extreme compression of digital
images of documents.

10 Description of the Prior Art

Plctorial and graphics images contain
extremely large amounts of data and, if digitized to
allow transmiseion or Processing by digital data
processors, often requires many millions of bytes to

15 represent respective pixels of the image or graphics
w%th good fidelity. The purpose of image
compression ie to represent images with less -data in
q$ge? to save storage costs or transmission time and

' costs. The most ‘effective compreseion is achjeved

20 by approximating the original image, rather than
reproducing it exactly. The JPEG (Joint Photographic
Experts Group) standard, discussed in detail in
"JPEG 8til) Image Data Coupression standardgn by
Pennebaker and Mitohell, published by Van Nostrand

25 Reinhold, 1993, whicp is heraby fully incorporataeq
by reference; allows the interchange of images

- A

*G00002*



PCT/ USO01/ 43631 15 JUL 2005 between diverse applications and opens up the
capability to provide digital continuous-tone color images in nmulti-nedia
applications. JPEGis primarily concerned with imges that 5 have two

spatial di Q5880 contain gray scale or color inforngtion anglgn S
no tenporal dependence, as distinguished fromthe MPE m"'ﬁ@” @.@f@ﬁi
Experts G oup) 'standard. JPEG conpression- can reduce the storage

requi rements by nore than-an 10 order of2magni tude and i nprove system
response time in the process. A primary goal of the JPEG standard is to

provi de the naxi metwieeno@ivdrdel bby {t18,0i vep vol ume of data and/ or
rocesis’ylrﬂﬁttf%ﬁga SRGNE W thher y degree of data

avai | abl e transmgsi
15 conpression i cagéggrlngr%a CcBroyidq digiteh qdntinaces-ddiat cgaba CoNpression
by a factor of tWERFHSokn mylsi-fadid mpgucsdiapnafl (ransmssion tine and

ol | coabl €8 0 L hpgucrane v, Eir s 38 ephiernadcnlt Hamasat thatompr cesion

noticeablego th Vi ewer .
techni ques are ggg‘\é%‘%g%gﬁt?%f%ﬁﬁh@@gmatun dpgeasapl ol MROE
conpressi on for E8eRiinferastion ohninpaassar nogtf%@%&%ﬁ havi ng’ certain known
characteristics. ddjpendelidac 84 Gy m?ﬂ? een T eneralized to perform
25 substanti al | yp£éigld ¥y g&gr? eéﬂ ;0 ell&rrgﬁgmc é‘%ﬁG f¥eving accommpdate a
wide variety of data .co@ % STORP L ffdard TheiREGO bempLaader S and
decoders enpl oyi A tifdugprehe; stadagal requiseferds B?rﬁoré’ftaxsa%v.er al versions

a

have comelfnto rexdsyi ol yadil tuddesy | ow Wi 06 a&Pess to i mages
for a wide varifi ynef pPokddses, %Sﬁiandﬁgfg?ga%gﬁmhﬁgsﬁq’% timeowed
reduction of cogts toPalt Iicdlfe arly TREY 09eb sB0bhe JPEG standard

prov the maximum inage fidelity for a given
Volume of data and/or available transmission or '
processing time and any arbitrary degree of data
15 compression is accommedated, 1t {g often the case
that data compression by a factor of twenty or mor
(and reduction of tranemission time and storage si:;
by a comparable factor) will not produce artifacts
which are noticeable to the gverage viever. )
20 Of course, other data ‘compression techniques
are possible and may produce greater degrees of
inage ?ompression for certain clagses of images or
graphiqs having certain known characteristics. The
. igi?tsgandard has been fully generalized to perform
ubstantially equally regardless of image content
and to accommodate a wide varietf of data
conpression demands, Therefore, encﬁders and
decoders employing the JPEG standard in one or more
0f saveral versions have come inte relative)
30 widespread use and allow wide access to imaqis for a

wide varjety of PUrposes. Standardization hag also
allowed reduotjon of cogts, particularly of




3 15 JUL 2005 PCT/USO1/43631 decoders, to permt high quality inmage access
to be wdely available. Therefore, utilization of the JPEG standard is

general ly' preferable to other data conpression techniques even i?ou h sone
0 s
[ or

mar gi nal i nwoezessopef ef ficiency m ght be obtained thereby, esp
particular and well-defined classes of images. |iven tR6WyRO1MGE3N | ar ge

reductions in data volune are possible, particularly usint g echniques
10 in accordance Wth the JPEG standard, 3ome applications require severe

tradeof fs between inage quality and costs of data storage or transni ssion
to store an inmage for a period of

tinme. For exanpl e daddeakes d

time whichis a sig iéi cﬁg?blggﬁ%@t gYality dmagal adaedset taepof t he

storage nedium or “de ¥ cavaidahde} deherefore, ng1a15h e, ioc;,:-ag%e anmount of its
e

storage capacity. YFf6rstandardt he gafeiralf el i or a given

period of tine carvonpfesihi §ELHRT g g?a ngﬂﬂ%?’#%g% B5tdaka t he 20

st orage medigim or gg¥éce %Ed squ Pn§vehthough obema; avargisanl | ati on,

not wi t hst andi ng ¢ Al age h&tfi¢ienciragiyhtaba 6BER the2PeRDFARY | v Pe

overwitten an aPBPe¢iallyyfonrga-tid Loes, Lhe cost "df such
ik ﬁfdnfégﬁ Aetined glansami ch nust be

storage is, of coufsgmagudltiplied by the nu
stored. Anot her way tﬁ?deternine the storage cost versus inmage quality

rodecoff s to doter EVER thetigh such large reductions in data
. ::lzzzoare possible, particularly using techniques
;dance with the JpEG standard, some
applications require severe trade-offyg betwaeen i
quality and costs of data storage or transmissiozage
time. For éxample, there may be a neeq to store an
. 2::::i:or a period of time whioch is a signiticant
n of the useful lifetime of the storage
medium or Qevice as well as requiring a significant
amount of itsg stbrdge capacity. Therefbée 'éhe ::st
of .storing an image for a givenh pericd of ;ime can
be considered as a fraction of the cost of tﬁe
20 storage medium or device and supporting data
_Processor installation, notwithstanding the fect
that the image data conld potentially bé overwritt
an arbitrarily large number of tim;s. The cost ofen
quh storage is, of course, multiplied by the numbe
25 of images which must be gtorad, ° )
Another way to detarnine the storage cost |
versue image quality trade-off is to determina th
maxinum cost ip storage that is acceptable ang th:n
0 determine,'for & givan amount of quality, how long
the desired number of images can he aaved in th
available storaga. This is a function of the )
compressed size of thae images which deherally



maxi mum cost in storage that is acceptable and then determne, for a given
anmount of quality, how long 30 the desired nunber of images can be saved in
This is a function of the conpressed size of the

the avail aﬁb é@torage.
i mages whic 3 0% 'y WO 01/ 058000 4 PCT/r) SOl / 43631 C\IHS rel WO ddL 2
directly to the conplexity of the imges and inverselj’ PA36% desired
reconstruction quality. An exanple of suih ‘a demandi ng application is the
storage of |egal docunents which nust be’ stored 5 for an extended period
of time, if not archivally, especially negotiable instrunents such as

personal checks Tftalifsafdrectiy abethd &o e mounting to tens of
mllions daily. \riverselg wigl kgl addigar ihgi&gjféwperggsgﬁ%l ﬁ’t‘ﬂ?&?k apdd transfer
of 10 funds is cupxenly.performed USTN Bt Otraetion uatdriy, and i s
facilitated by the us of “MIRHT AE SYabadademandinbcappDidatiiay 9@ the check,
errors remain possi BFeragR dft lagal lqocmsxe@sswc{,%@aq.gz,ﬁen a particular
transactiorP f or &orT ent exterifedapedionObs 40 Ion& atter the PFRedcti on of
whi ch the check fag Tt . a,practida chivMalbeecded quality
bEEE'au} Ra @3@ iMeeat £ npeY archd
50 changgtiakle: instimmentsusinlans PRBLbGE | On. For

of the image datg

exanpl e, within §'PEYHF MWriohsané genaatewe it grgl ,{,ﬂ,geggcurrent or its
processi ng, quesénowstirig adt ban vl L¥riqften.afise, reqliring inmage quality
of ﬁﬂﬂo&'sadg Yrrat ¥hélevie e at a nuch

sufficient toe f aut hent'1'cat
later qualjgty +Qg%€%ﬁ|@1§5§i’?ﬁ1f‘? Bera988d schegks2 antotbengitdyf i@l ent 1o
confirm basic i nfﬂ‘f&t#%ﬁ%%lﬂmm&&nﬁsmq REofQEsd =Nt ?heref ore. the
mage :qu;p::nt and is facilitated by the uge of machine
eadable indicia printed o
possible ang it may be nec:s:::ycil:c:;c:mr:z‘::aaremm
y particular transaction for correction of an error
long after the transaction of which the check £
a part, e
- i::g:ﬂg:::ti:al matter, the needed qualii:y of
oot ¢ 2150 changes over tiwe in such an
. o 1. For example, within a few months of
* of the docunent or its brecessing, -
questions of authenticity often arise req\'ziri
{image quality sufficient to, for examx;le "
:uthen‘l.:icate 4 signature; while at a mucl; later
e t_g'_t.:e, y: may only be hecessary for the Image qualit
uc: be sufficient to contfirm basjc information ahauty
d&: coqtent of the document. Therefore, the image
. % may be additionally compressed for longer term
:ozzag: when reduoed tuage quality becomes more
N e s:a le, l‘aarticulnrly in comparison with the costs
. orage.' At the present time, personal check
::aqe:tare immediately storeq for archivagl purposes
Write-once CD-ROK or athepr hon-modifiable media



data may be additionally conpressed for |onger term storage when reduced
particularly In conparison with the

I mge quality becones nore tolerable,
costs 30:0f storage..' At the present tine.. personal check inages are

i mredi at el y v 0/02¢bos Or ar chi vi ng purposes on wite-once CD ROWS’ULCIILOIWV
non- nodi fi abl e nedia WO 02/ 058000 5 15 JUL 2005 PCT/ USetr#8Raiand saved,
for | egal reasons, for Seven years. The sane data is available for only a
few nonths in on- line, rapid-access stor&ge. Personal checks,-in -

particular, Present sone inage data conpression conplexities,. For
transactions, a background pattern of

exanpl e, _to guar dasyaaval, f t
greater or |esser %q‘{g:)l:eﬁi f)f&ua;igbﬁg\ﬁ%c’gsrafm swivengggyry al EEF Is inv ri
a ably provided. p‘cig';? PhP ot fretvadtakie Ifobeonly i g, H°6ﬁ%€ ’Ellegﬁ y
contrasting ink, rbFgpid-anckss MtRraghors, while o BTty
information will be i ”9%16“:1:3&?4 at ig'\%fy j{sglvi/ contrast. Decorations*
including agw de’ e.of I mage valludd Ragt are| pelesent Adghtional ly, -
hand- wri ttensor 1 E@ch %ﬁrﬂ?ﬁ?%eﬁﬂi@nsbgmpleﬁﬂeg\i_’l | pdie rovf%ed with i mage
val ues which are 8t nexdiidgpinse dirabal) snt @%ﬁn % S r%F@P @ocument s may
include a vari et packghdWHIe pX éﬁsoa;ch s corre &hadings in

prine, a g’é?ﬂ'ﬁ"k%nlmdmezcngp@ii d a

l etterhead, high gﬁ&tl{avtng . ; ,
plurality of signa ur ey TRi 52N98ngé imzge vameeyaw%v%?i‘ébﬂay be incl uded
in a document Provided. Some information will be printed

) in a

10 i
highly contrasting ink, Posgibly of maltiple colors
[

relatively low contrast. Decorations inciudi
vide range of image values nay be includedu e
" :ﬁ:::i:::llz, hand-written oy printed indicia (e.q.
| ohe unts and signature) wil) be provided with
ge valg?s whichlare not readily pPredictable.
varief:e:;m?:h simplerldocuments may ineclude a
o o age Yalues SUch as color and shadings
exhead, high contrast print, a watermark on

20 th \ |
a Paper and a bplurality of signatures. . Thig range

25
form from which image reconstruction is possible

which such storage ig economically feagible
regardless of the desirability of maintaini;xg such

30 storage and the
poSSibility of ra
' access for longer ‘Periods. pid electronic



may limt the degree to which inmage data may be conpressed when accurate
I mge reconstruction is necessary. Therefore that cost of storage in such
a 25 form%hgm‘y\hi ch image reconstruction is possible wth high fidelity
to the originaf ™ *Wcunent is relatively large and SUCh, & é‘ it ML tome
period for which such storage is econom cally feasible, R’% é&?’ﬂl ess of the
desirability of maintaining such 30 storgge and the possibility of rapid
el ectronic access for |onger periods.’ 02/ 058000 6 PCT/ US01/43631 15 JUL

2005 . Since such ima%e val ues must be accurately reproducible and
utilization of the JPB&NGe mwilr dmage QGRS AL i) grder t o accomrmodat e

1 oo 0, accessenmveiptemr el el UL SRy the s only
reproduction with ggﬁ"?ﬁaﬁb ordeydrq BFoPRmadn tee dla6shaln Q@E%S‘!ﬁsf requency
| ' abl

of sanpling of 8 BYFERmhdnteneompatiibiEiey . . nevi y produces
aliasing arfl redeody tegidighbt ¥ord G %h%r%ﬁggg%g%eﬂﬁl ly at | ow
0

ARSI IR Wienred ! oL 4 PRI dedia vallme (about a
reducti on of one: #_a' r5§@?gh§§s’?ﬁa’-‘ﬁ PFBlAn wish 396odigimage ' 600 dpi
resol utions of pFifg tsYé-ﬁrt@[ﬂddpciantlwmﬂiﬂﬁeéréq%egomigerEd L0 e, the
15 1imt for adeqmbidgegtbmg ‘o\fiBflg&Pngg””ﬂft narei & an per sonal
checks. The Anerimﬂgglgo | Standards Phst i tWeYer ANsrypXingndar ds
commi ttee,for i W@ e i.nter esre&&ﬂﬁ¥9§dgnGIthhnhsaﬁeéﬁgmﬂytgun]
resol utiof. nost® lappliciani espeaisripi dberod QnePadpl ©F 120 dpi,
grayscal e i n’agesﬁ?unmmlyﬁaém{pllﬁﬁg at 100 dots or .
(about 8 reduction of one~third to one-gixth from
the 300 dpi or ‘€00 dpi resolutions of printers
cx.xrrently in common use) is considered to be the
limit for adequate legibility of low~contrast
indicia on persopal checks,
Standards Institute (ANSI) st
image interchange recommends 100 dpi as a minimum
2o :e;olutxon. most check applications use either 100
pl or 120 dpi grayscale images. Lower sampling
frequency also tends to increase Susgeptibility to

image corruption or degradation due to noige,

Pixaels per inch

15

The American National
andards committee for



frequency Al so tends to increase susceptibility to image corruption or
degradation due to noise. WO 02/059000 7 SUMVARY OF THE | NVENTI ON 15 JUL

2005 PCH US01/43631 It is therefore an object OF the present invention to
provi de a t evdwiosiee for extreme conpression or digitized doclbapt gy th '
nore than 5 two intensities with inproved i mage fi del it §CTUSo14®IIanot her
object of the invention to reduce costs of storage of conpressed inage
data representing docunents to increase #he econom cally feasible period
of storage in a formfromwhich' 10 el ectronic access and adequate

reproduction are  possible. It .tﬁgﬁn u gbject of the invention to

enhance the reconstructed cont réas o& {’%\%—g{%ﬁ IONdocunents or features

therein* is It is yet another object of the invention to provide adequate

or enhanced | egi bilityTIbfié cthere®sié agi o'bgd&ﬁi& Qﬂe?g%éjq?t{]t;s' f I fj i's an;)t her
o] ocunent s

further object of inkenth | exten e aval
fromrapid- 20 ac%ﬁssnstg’f%&e%\%\fﬁﬁ%ﬁta itsoha gPrsextraye cost. in order to
acconpl i sh these a arbEh O1h 1te figitizad: focumantat voth medTRRRQd. and

apparatus ar® pr&¥Pdénténsitdespwirsi reévdd r functions or steps
i iﬁgggd%%ieggtﬁhe dynam c range

of of selecting a fir ' ' taple
of data, form gg OQE‘E?%{%%S ngédé g{gﬂé%tco. aﬁi‘@g#“w&irﬁéstbngequd& data of
reduced dynanmic range vt (FEPRBYE 9% Comprensesatinage dsafal  for mi ng conpr essed
data, and storingrepresenting documents to increase the economicall
feasible period of storage in & form from which' Y
10 electronic access ang adequate reproduction are
possible.
It is a further obﬁect of the invention to
enhance the reconstructed contrast of low=contrast
documents or features therein,
15 It is Yet another object of the invention to
provide adequate or enhanced legibility of iﬁQQ
contrast indicia on documents.
It is another further obfect of the invention
to extend the availability of documents from rapid-
20 access storage without inorease of storage cost
In order to accomplish these, and other obj;cts
of the invention, a method and apparatus are
p_::_ovidgd for compressing data comprising functions
or steps of of selecting a first quantization
25 table, reducing the dynamio range of data, forming
data of reduced dynamio range, compressing the data
of reduced dynamic range with the first qu'antization
table forming compressed data, and storing or
transmitting the compresged data togather with a
3o sacond quantization table representing a dynamio
range other than said reducedq dynamic range, -



transmtting the conpressed data together with a 30 second quanti zation
table representing a dynam c range other than staid reduced dynam c range.

WO 02/ 01800Q. 15 JUL 2005 PCT/ US01/43631 8 BRI EF DESCRI PTI ON CF1T%§?Z ;
DRAW NGS Th¥*03P88Wi ng and ot her objects, aspects and advant ages 4% e
better understood fromthe follow ng detailed descri p‘quGWOUﬂG-H preferred
5 enbodi nent of the invention with refer%nce to the draw ngs, .in which;
Figure 1 is a cross-sectional view of an® exenplary docunment scanning
apparatus' adapted for inage capture of personal checks, 10 Figure 2 is a

schematic di agram of a COrERIEF| BEscCRAPPIER! GF RHRCH arrangenent usabl e
with the inage capture apparatus of Figure I. . 2A is an exenplary

group of tables includi ng@;wo quanti zation tables in conpliance with 15
the define quantizati SRet£aFegein@@nd whierolfectle aJ!?chBSE? dard,. Figure
2B is a di agram iadvantagés ng1)Op@Hdttal 9&4&1:?8@%9“%“ the JPEG
standard and |Ilmt15§1ﬁé1g%e%&/?gs%c Rrlnciple o h ?}b ion 20 of the
i nventi on, fi gure 3 i i’&a f1 oW cHarteSeFRE19%:Gng Brefemreddi ng processing of
e dara FnoacEabauiaentiofhthe Havientbos it FegalfencitoSeay exenpl ary
hi stogram of an idagéng25 inhwhd @ peaks and valleys of imge values, Figure
;rb,gg: znagf exenpl ary hi s{Qa@eam fQ%chgss-géétqgan \(r)i].céwt rn]:(:a(;' L;nzmge values to the
. e.zxemplary document socanning apphratus' adapted for
image capture of persgonal checks,
10 Figure 2 is a schematio diagram of a controller
and data Processing arrangement usable with the
image capture apparatus of Figure 1,
. Figure 2A is an exemplary group of tables
including two quantization' tables in compliance with
15 the define quantization tables (DOT) marker of the
JPEG standard,- ‘
Figure 2B ig a diagram illustrating
quantization in accordance with the JPEG standard
and illustrating a basic prin¢iple of the operation
20 of the invention, ' '
Figure 3 is a flow chart illugtrating an
encoding processing of image data in accordance with
the invention,
Figure 3A is an exemplary histogram of an inage
25 showing peaks and valleys of image values,
Pigure 3B is an exemplary histogram showing -
.cl:l.pping of .the image values to the region of
intersat, ‘ '

Figure 3¢ ig a histogram of the iniage of a
30 front of a chack,

Figure 3D is a histogran of the sane image



interset, Figure 3Cis a histogramof the image of a 30 front of a check,
Figure 3D is a histogramof the sanme image WO 02", 000 9 15 JUL 2005

PCT/ US01/'(3631 after clipping the extrene values, Figure 3E is hj st ogr am
of the clippeQo¥assnge of Figure 3D after a 2:1 dynam c range reaé Ldﬂa? '
Figure 3F is a histogramof the inmage with 5 coring of PEEUSH&I6H ound peak
in addition to clipping and dynam c range reduction, Figure 4 is a
flowchart illustrating a decoding procgss in accordance wth the
invention, Figure 5is a flowchart illustrating a 10 preferred form of
reduci ng the conpressed site of of 1inages by re-encoding with dynamc
range reduction, afFFﬁuﬂeiRMhﬂsthegembmelhmmrsati ng symetric coring to

reduce the output ranBbyurdd gur €s 6B Higt kL Lusirating reducing the 15
Sl v Eh%(,éil'%p%éadggﬁbﬁei |l ustrating

out put range by gl ppi t values, Figure
reduci ng the output f&gbbégggrnaam%grm gabge oreductdane 60 is a graph
showi ng reduction of ¥ codfpls & Mgbogmen lofpphecimiye ¢@Ehng and by

clipping, %0 coconingrst ¢yaapackdraifd p&iIql, Q&%{é uré__ge?b;srgdu?\r/]vgg{ ﬁgh

L;Iﬂ;zt {)?t It Eg ?%52% n(_? é?guél%ﬁ%‘%%;rla’r‘rggg%dégﬁ illustrating retrieval 5
of a reduced range i rigareydH b9 /203309 0chart illustrating a
decoding process in acoordance with the inventi;:n,
Figure 5 i# a flow chart illustrating a
10 preferred form of reducing the compressed size of of
images by re-encoding with dynamic range reduction,
Figure 6A is a graph illustrating symmetric
coring to reduce the output range,
Figure 6B is a graph illustrating reducing the
15 output range by clipping extreme values,
- Figure 6¢ is a graph illustrdting raeducing the
output range by dynamic range reduction,
Figure 6D is a graph showing reduction of the
output range by alipping and coring and by clipping,
20 coring and dynamic range reduction, |
Figure 7 ig a flow graph illustrating extending
th‘e time ‘of images in a data bage by reducing the
rahge of the image, and

. Figure 8 is a fiow graph illustrating retrieval

25 of a redused range image.



10 5 PCT/ US01/ 43631 JUL 2905 ] DETAI LED DESCRI PTI ON OF A PREFERRED

EVMBODI MENT OF THE | NVENTI ON Referring now to the draw ngs, and nore
particul arl ures 1 and 2, there is showmm a 5 scanner of an

o Fi :
exenpl ary f%??ﬁ"é‘ﬁ@ ted for image capture of personal checks andld JUL 2008
controller and data processing arrangenent therefor i FCASYHAGhCce with a

preferred environnment of the invention, Wile scanners performng simlar

functions are known in 10 the art and thgse skilled in the art will readily
understand the basic principles thereof, since the arrangenments shown in
Figures 1 and 2 are also__illustrative of the operation of the .invention

as well as the preferreBEEMHEPORESCRIRTIONCOF M QREFERRES ON Of ei t her

Figure is admtted to be priEMBOBYMENT dF r he present invention. The
scanner canera 10 depicted in cross-sect ?g% ng&aﬁre 1 preferably

conpri ses a housing havj n a docunent stage 14 over (or under) which
the 20 document is p é'fﬁrjcﬁﬁg&mﬁoﬁﬁm diraniihge)g anBdmod4 ansport arrangenent

10 of any suit abPartdesilgnly toheipmede of ugatito ﬁ%eh%J%%%g is t(Z)Omai nt ain
mer a

the relatbve pastdnnen 88 ' i rrangenent 1

rel ative to doc hr?t agemlfkggﬁt%&?fgrﬂﬁ%é’meﬂi Fruimageced and

wel | -focussed i mage or & RfSSORthchesksband aponedo e Aaadqguent is
passed across JdYOFREALNG ragendendnt thar&Hsy 4ol ch%l‘i{??l Ylfgtlg at high speed.

Details of the mlﬁaﬁfe&@mig%ﬁﬁ.{t %harxé/\nisn%eggicr’rﬁor U e practice of

the 30 inventio 2/ 0580
'%ca)%)eps periorming siwilar functions are known in

10 the art and those skilled in the art will reaqii
understand the basic principles thereof, since tig
?rrangements shown in Fiqures 1 and 2 are also
1llustrative of the operation of the invention as
well as the preferred environment thereof, no

'15 portion of eitheg Figure is admitteg to b; prior art
in regard to the present invention.
'The Bcanner camera 10 depicted in oross-section
in Figure 1 preferably comprises a housing 12 hayin
a dacument stage 14 over (or under) which the ’
- 20 document is passeq by a document handling and
transport arrangement 1¢ of any suitable design
The basic function of housing 12 is ¢o mu:lnta:ln.th
ralative positioning of lighting arrangement 18 anz
- oamera 20 relative to document stage 14 o that a
- 25 well-illuminated and well-focussed image of =
document can be captured as the document 1s passed
across dooument stage 14 by transport 16, generall
at high speed. Details of the scanher camers are Y

otherwise unimportant to the practice of the
30 invention.




15 200 PCT/USO1/43631 15 JUL 2005 It should be understood that in
capturing the inmage of a personal check (and possibly other types of
docunents), it is inportant to capture the image of both sides of the

docunent siwo@znsedep! € the 5 anount, payor, date and payee are spggw;' d on

the front side of the check, the payee's endorsenent ®CWUSMABGIPU i ne
i nformation relevant to the clearing of the check will appear on the back
side thereof. 'Security -information alﬁo ‘general |y appears on both 30

sides of the check. Therefore, separate arrangements generally

corresponding to that depicted in Figure 1 are preferably provided for

opposite sides of thelfo€ bepnplerstiood tegtanat ggpt‘ﬁliqﬁgtlége docunent
re

ath such that t Hmakeo ' ' e capt i n sequence
}P or optinmm dat %fcagthgzéf%%ggliﬁl #kgﬁuﬁ%mfégégha@%p?gt&a* !
i dentification of inages. i‘s “ged ergn%&%mtm Ithedépagd ed at 101
U111 BLes e bt it SheB s g s ek a0 B0y 2 L0
contrgl of dogun?%&?zréc I%O%'ltgéleg aZnZ‘il Qgﬁg[&l‘%g 5"39&1‘5"’ gftethmi nportant  to
the practice of fhe rnvent i%nh8cchfid, the payeateuindvreehent aspect i ve
scanners is subj 8:?&?%%?;&@ 1Maﬂnﬂghgoiﬂ ltfmbirﬁﬂ@-toz\‘i;‘;lh%gg?t? lnce gh:r ;{niage
sensors are gene .
SNl ars ngEerzsLur;%IE}ﬂ. ; Wﬁ?@;‘gﬁg %5%2#%&%‘ rﬁ%@l thexpat.i s r.egr gani zgd
at 28 and the i mage data bBuftep f189 defleraibinsnpears oBMdens 32. Figure
2 shows tHE fronfideR Qfadheschesir Therafore;adawiveadapt er (BA) card. it
al so shows one oa::ritcgements generally corresponding to that
depicted in Figure 1 are preferably provided for
. opposite sides of the document, preferably separated
along the document path such that the front and back
15 side images are captured in sequence for optimum
data col.;ectiqn rate and simplified tracking and
ideptification of images. .
This geometry is &chepmatically depicted at 10!
_ of Figure 2. Scanner adapter card 22 is preferably”
20 provided to multiplex image date from the front side
' and back side scanners under control of document
tradking logic 24, details of vhich are unimpertant
to the practice of the invention. Scannar data
o_gtput_ by the respective scanners ie subjected to
25 calibration funotions 26 and, since the image
sensors are generally high-speed charged couplad
devices (CCDs) operating partially in serial and
partially in parallel, pixel oxder is Yeorganized at
28 and the image data buffered at 30 for transfer to
30 bus 32. N
Figure 2 shows the front and back scanner and a
soanner adapter (8A) card. It also shows one of the



WO 02/ 058000 15 JUL 2005 PCT/US01/43631 12 | nmage Capture Processor Paths
(ICPP). Thereare four such paths, each located in its own inmage processor
card (I PC),,The SA card comunicates with the front and back sqg;mfrmsand

al so comunYR &80 1, each 5 IPC. At all tines, the S? c/ﬁrd Mak ,
video data for the front and back, scanner available fSVHPPA3Lr | CPPs.

Under programcontrol, at any given tinme, .one of the ICPPs taps the front
spanner image and a 10 different XCPP taps the back scanner inmge. ' The
program control also ensures that a given zcpP first taps the front and

then taps the ba&%agf #kbz__}lsarre docunent. In an ICPP, the SI card contains
three raw 15 i mage pufIRHiEe PrReagapr cPathg o IGRRY. t Theresee sy t apped

vi deo i nf or mat i ofughdraths, ueach Jegaead i Bl | its o{}gximgtehgrag\gsgogps for the
front and back icergeprscgsrefid el %ay eéomﬂnh re ectilv I rages from the
\r;'%d d CommlBioSER fiith the cerantol | or

raw i mage bufferg. .of the S| card and proc
andﬁ%ﬁk S52uheyr 8lsm gompaploreepmithseddly path nenory 36

central processin
are also nnecTB8:to bus 32 for control of the scanners and initial

i mage data processi NGt ag$ gV el n et hern card and token ring
card, collectiveky. é‘&dif{’c_gte 4 %%,S%arcég& ?Gé‘?sa Bidra dagaf or
communi cating wiLh a host pr dNesBRTK SANBEr ooraidadlepto ey gbly. | ar ge
plurality of ar rﬁ?@%ﬁmn!’gﬂ% prom.ntCmtth'BlFiwrﬁ,ﬁglpe,pq:ﬂégd
si mul t aneously aole ' I r [.ocessyng arrangenments 40, 42
ar e 10 y diff‘ﬁothé' Torrel taps ¢RR 2LbSL daPheR imagge. and g
erent ICPP taps the back scanner image., The
program control also ensures that a given ICPP first

taps the front and then taps the back of the same

docunment,
In an ICPP, the SI caxd contains three raw
15 image buffers., the buffers are used to store the

tapped video information and are uged sequentially.
Next, the two IPCs for the front and back |
images,respectively, get the respective images from
the raw image buffers of the SI card and process

20 them.

' A controller central brocessing unit 34 and an.
image capture Processing path memory 36 are also
connected to bus 32 for control of the scanners and
initia)l image data Processing, respectively. an

25 ethernet card and token ring card, collectivaly
indicated at 38, are preferably provided for
communicating with a host processor and allowing a
potentially. large plurality of arrangements as
depicted in Figure 2 to be used simultaneously and

30 in parallel.

Parallel processing arrangements 40, 42 are
also preferably provided for processing front and



al so preferably provided for processing front and WD 02/ 059000 13 7 5 JUL

200 PCT/ USO01/ 43631 back i mages of the docunent, respectively. Raw i nage

data' fron buffers 301 Passes over bur. 32 and buffered in bus interface
deskewed at 46 to correct for errors 1hJUL 2005

44. The raw tais
\gagggsﬂ@@urrent stage 14. The deskewed data i pctRgalf ocessed

Posi tioni ng
into a gray scale imge at 48 and conpressed, preferably in accordance

with the TREG standard at 50, or conpressed into a black and white inage
at 49 and conpressed, preferably in accorrance 10 with the AD= of 04

Modi fied Modified Read (MM standards, and buffered for transfer back to
menory 36.

bus 32 and storaggadi sy B GoRImGE: bt tvermc o
XCPP nenory 36 can, be ¢ ﬁ?ggeﬁg‘ sggg‘!’”ﬁé‘#larmtivelme Ha@r conpressed
i mage data or 15 H¥%h PRR cFrrs byt Sexst 00a0PagHesObyhP BRSS! §r 0 such
mass storage fromiwiferednhymdaintedndacsse! GeLi vely, retri‘e 28 ana the
desired inage recudkeb§igd 46k S00uUl d be hpglﬁxgcpﬁyegnqqgapathei@resent 20
invention isgprimaily directed P Bdm5EeSer Grrors image iddba i d
reconstruction of 9h35Eument skageriiancFhuei ddsXe8a JRRR ﬁtsagg%gd’ |0 regard
to which a prefemeaaﬁmdnja{totﬂeqfdwga“@r}pw B $€ 4, mphet el y appl | cabl & 1 ¢
shoul d al so be un@gf@%g@&d% %Hgt e |, nven Ll %ﬁ‘ﬁFetel y applicable to
any other data C?ggr ss ol SEREMR Ydifanondance with the Jk a represents
i mages. The af f ecES" BN F%rdfe 50 d 0t conpremaass i ffy adqq’-lssﬁogg(%rwlfﬁtt%d 9
quality ar el part Aoagierdty 4praﬂ@lﬁmgas£ﬂ7&’)’e}§%fega%rlyl gggaegcozfdan |
ce
0 with the ABIC of g4 Medified Modified Reaq {MMR)
st:ndards, and buffered for transter back to bus 32
and storage in image capture processing path (icpp)
memory 36. ICPP memory 36 can be congidered ag
. either a mags Storage for compressed image data or
a‘s an intermediate storage prior to transfer to such
& mass storage from which image data can be '
Selectively retrieved and the desired ima
resonstructed, .
y . It should pe appreciated that the present
vention is brimarily airected to compression of
image_ data and reconstruction of images in
ac:ordance. with the J‘PEG standard, in regard to
vh :h 1: praferred form of the invention will pe
a .
e :ﬁt thedi However, it should also he undexrgtood
e invention is completely applicable to any
;ther data compression scheme and whether or not the
ata represents images. Tha effects on image data
compression. and reconstructed image quality are
. particularly pronounced, however, for images of
d:cuments and, as with the JpRg standard, the amount
z data compression which ig dccaptable is limited
Y the acceptability of the quality of data vhich



30 docunments and, as with the MO standard, the anmobunt of data conpression
which is acceptable, is |imted by the acceptability of the quality of
data whi ch WD 02/ 058000 14 PCT/US01/43631 15 JUL 2005 can be reconstructed
fromthe coM@P¥s8®e data. Nevertheless, at least in regard to dbEymesnps

i mage data and other data which can be coarsely quant F¥®¥S04#6h | osi ng
legibility of significant 5 information, the invention provides a
substantially increased degree of conprgssion while increasing the

qual ity of reconstructed/ deconpressed data or inage,, thus largely

avoi ding a trade-gff bet ween data quality and reduction of data volune. 10
Before proceedi ngl PR Fefanssruckadaifiron tld@?d‘drdp&hb%%d g%at he invention, it

R N v T e o e L
y whic ose s e e p e principles
of the invention ﬁhgég‘%r%?a?aﬂ%%%%r%ww%m queheinda t he basi o.
bui | di ng bl ocks for - q8dng nkegdbd tity @fCadignesidymnsf orm An inportant

aspect of this tAafermathons ttt&ahvhﬁtm,pg,%gidg%lcorr | at ed coefficients,
' i MPOr T anht>9 Bt

Decorrel ati on of jhBfeshil fib&d very i i a2 ld¥npr essi on
because each coe[]{lj!gi]ent gg#ﬁté’% %@P’iﬁ%&{’@d@%@wemim whehout |oss of
conpression ef f et Ehtly OF ARGRGNStE Reksist/daconpreania QAather Pglagl S the
ability to quant thes e gBIGT aam’ali;' ieemdgsé,f? be&:ﬁéﬁ:é - Wel aﬁf'_ed

guanti zati on val geR11ity BAE ztet&ﬁog?%n uogag visual Systt ponse is very
dependent 4gn spa_tlalB ffr equency, Dy ‘de ﬁﬁﬁo‘é‘?wean imge into a set of
wavef or s, each wit h “&-Baf tR*CqPefingosdkh| furttau@eenNitad | S possible to

separ at e the i megescription of the i_nvent:lon, it is useful to review
some of the aspects of the JPEG compression standard
by which thoses skilled in the art will be enabled to
apply the principles of the invention to other data
15 compression schemes. One of the basic building
blocks for JPEG is the Discrete Cosine Transforn
(DCT). An important aspact of this transform is
that it produces uncorrelated coefficients,
Decorrelat;ion of the coefficients is very important
20 . for compression because each coefficient can then be
treated independently without loss of compression
~efficlency. Another important aspect 'of the DCT" is
the ability to quantize the por coefficients using
visually-veighted quantization values. Since the
2§ ° hunan visual system response is very dape‘ndent'; on
spatial frequency, by dacomposing an inage into a
sat of waveforms, each with a partioular spatial
frequency, it is possible to separate the image
structure the eye can see from the image structure b
30. that is imperceptiblae, The DCT thué provides a good
approximation to this decomposition to allow
truncation or omission of data vwhich ddes not .



structure the eye can see fromthe inmage structure 30. that is
i nperceptible. The DCT thus provides a good approximation to this
deconposition to allow truncation or om ssion of data which does not r WO

02/ 058000 13y¢faddghy 1005 PCT/ US01/4363] contribute significant ! §JtiL e
viewer's perception of the fidelity of the image. In aBCuWsdusser with. the
JPEG standard, the original nonochronme inage is first deconposed into 5
bl ocks of sixty-four pixels in an 8x8 sanpting array at an-arbitrary .
resol ution which is presumably suffici#ftly high that visible aliasing is
not produced. (color imges are conpressed by first deconposing each

corrponent into ac&ggrm rat.e xn, this regard, a
"conmponent” is o§$ o ﬁssgbﬂﬁféﬁﬁégﬁl}@% {rl' AUE S PSREERFL Sy or t hogonal
to ot her conponents, S tY ?ﬁe'chronlnance whi ch are derived
fromthe i mage and r¥precendandre withuthe mEuestaﬁaﬂwgeltﬁethereof The 15
i nvent i on Wi | I beiqlmr hbadohfb&eeriﬁﬁ insafii‘EG'ﬁco%%%%Oge S“Ch as
gray-scal e or ticed

corrponents g}l?&g&g eea -fo[u5 P dpi ap B4 rﬁﬂﬂﬂ@éim tarribre JPEG
basel i ne standaré aterhdinary Itﬂﬁbﬂoticuumhaehlmlem_@mabl)corrponents )

Techni ques and hﬁﬂﬂﬂ\ﬁﬁgnti llg [ Eﬁ&r on this quantized
Y 4o o our '{cgogff % ents. Many of

i rage data very %"&I && I ng Sixty-
t hese DCT coeff| Ie Por PRYRR arsscoppresred Byofimgti ch do not
contribute to thée¢opResing each component into a 8x8 pixel blocks

10 separately. In this regard, a "component" is one of

a set of image values, independent of or orthogonal
to other componentg, such as luminance or
chrominance which are derived f£rom the image and
represent the visua) values of pixels thereof. The

15 invention will be described in terms of a single
component such as gray-scale or luminanice but can be
practiced with any number of components ¢ as will be
evident to those skilled in the art. The JPEG
baseline standard accommodates up to four

20 independent components.) Technigues and hardware is
known which can parform a DCT on this quantized
image data very rapidly, yielding sixty-four bcr
coefficients.
-~ Many of these DCT coefficients for many blocks

25 will be zero (which do not contribute to the image
in any case) or near-gero which can be negleotad or
omitted when corresponding to spatial frequencies to
which the eye is relatively insengitive. Since the
human eye is less sensitive to very high and very

30 low spatial frequencies, aes part of the JPEG
standard, -providing DCT coafficients in a so-called
zig-zag pattern which approximately corresponds to



In any case) or near-zero which can be neglected or omtted when
corresponding to spatial frequencies to which the eye is relatively
i nsensitive. since the hunman eye is |l ess sensitive to very high and very

30 | ow spatwal/dsgmguenci es, as part of the JPEG standard, 'prOVilquﬁ?ZW
coefficients in a so-called zig-rag pattern which apprPEtiUusetadsy

corresponds to WO 02/058000 16 PCT/US01/43631 15 JUL 2005 an increasing sum
of spatial frequencies in the horizontglg and vertical directions tends to

group the DCT coefficients corresponding | ess inportant spati al
frequenci es at tgg inds of the ACT 5 coefficient data stream allow ng them
e

to be conpresse PEERRFANG SR of gpetipal rEreEneiss ACRFe Wile the

above- descri bed 8#pEézentrX asdneedtiansf ' odi ng nmay provide
> &u@ﬂ(agfa?%h%eg‘ﬁgr@%ount ered in

significant dat gheopEf £ a_najorit
practice, actual égg#ﬁ %?ﬂ%c%%{tas c%*?ﬁﬁ?'%é"ﬁo’eeﬁﬁjémnr%nitand t he degree
of conpression Fheoret ifFEARencias Akt the endsi ol tieSippee  t he goal of JPEG
is to providde thgoeffidientt datﬂ)tgtjraamme{mmhn{!r@%qn q§ggadation for the

hat ca

amount of data loonRsHaed B¢ a vol une & economically
i fféﬂl:}g predl FFBRP tid mapgpiestancesi.on of each

provi ded), parti cul aw Si Ece

DCT coefficient woul &8u be, aboye-desaribedbdisaietsi E6sige be transmitted.

However, the JPE@REEaRmatiom andwsoding wWhp Mﬁgegiéﬁjfﬁrgﬁ' 0 values to be
a

i nearly quanti zcmtabysoﬁbxaygifdg,ugor’iJ]Qﬁgﬁgg&ngﬁﬁqgggééﬁ a!sot ha?l ugﬁomait r]are

Foure oni S hRRERRLE 6 5otles, Conmer manosavmadra. codbs
representaii(”](ﬁoyy%@ & not guaranteed and the degree of
compression theoretically can not be optimgl (since
the goal of JPEG is to provide the ability to obtain
minimal image degradation for the amount of data
15 processing and data volume that can be economically
proviged), particularly since equal precision for
representation of each pey coefficient would fequire
the same number of bitg to be transmitted. However
| the JPEG standard allows for the DCT coefFicient '
20 values to be linearly quantized by sixty-four
independent quantization values that are transmitted
vith the compressed data in a table such as that
shown in Figure 23, Preceding the entropy (e.g.
Huffman) codes and a coded representatign of one or
25 more image componenets.

. Fox clariﬁy, Figure 22 is shown right-justified
in sixteen columns such that two byte markers extend
to the left of the sixteen columns. Each byte ig
rep%esented by two hexadecimal-coded digite '

30 representing two respective nibbles thereof. fThe
first marker in Figure 22 is “pppaw represenﬁing a
-atart_of image (80Y). The second murker'ds "FFDB"



25. nore imge conponents. For clarity, Figure 2A is shown right-justified
I n sixteen colums such that two byte markers extend to the left-of the
si xteen colums. Each byte is represented by two hexadeci mal - oodedudpag§ t s

30 representwag/dsyos r especti ve ni bbles thereof.. The first marker in
Figure 2A is "FFD8" representing a -start of image (50%§TUSH&I63lecond
marker ,is "FFDB" WD 02/058000 17 15 JUL 2005 PCT/ US01/ 43631 representing
a specification of a quantization table 46DQT - define quantization table).
This table may have been devel oped from experinments On the human vi sual
systemor froma 5 detailed analysis of the DCT coefficients corresponding

to the original irfdRFeRAnting aepeniticatiporémal ghandly %ﬁgi ng of the

invention And wi | (DQTe=udesh i gaaAtONIt ¥nt Capg§quant i ze” the
he Imagé.” 10 Alternatively, a

coefficients during re t tion qQf t

standard quanti zation E'g#eéac%g‘ﬁ Bay qﬁgﬁdb%ﬂ devpdoped dixmred enpirical ly or
over a relativel f’@&?é}’é‘a’i‘fiﬁrﬁ’ér the humaperisual sgstemanaGhepi gtic of the
JPEG st andar® t hatdethailed tdialyguardd Zabi s %gggf%ﬁrﬁ arbitrary in the

sense that 15 they.¢28 ree et to timz ! ng of an inage (or
previously successfu ‘tsa Jé‘éﬁugéd ¢ PRty Nage Nt Aatmaanet afdte i s used

for both encodi ng *"RABERNL &i An underktandimer o5t i ifdv‘égxltiﬁxkaqd the
reconstructed i mydllobd hisear bébdtfuehfRP %o 3§e§§§&§] e the B i S o
which is the starboe%iéire%qu&S%err%ger t ha n e_stpﬁalic'lf his is a
basel i ne DQJ; based, conpresse ) reconptrygtiomntafi thé image.
ernatively, a standard quantization table can be
used whioh is develeped empirically or over a
relatively large number of images., It is
characteristic of the JPEG standard that while the
quantization ranges are arbitrary in the sense that
15 they can be freely set to optimize encoding of an
imaqe (ox previously suocessful tableg used), the
same quantization table is used for both encoding
and decoding in the interest of fidelity of the
. reconstructed image to the original image,
20 The third marker is "Frcow which is the start
of frame.- (S8OF marker that indicates that this is a
baselina DCT-based compressed image. The paraneters
fb.:l.lowing the the SOF marker indicate the pPrecision
(%..e. number of bits per components), the hejight
25 width, number of components, etc, '
The fourth maxker is "FFC4" which represents
the beginning of'a marker Segment specifying one or
more Huf:man tables of éntropy coded image data
which are used in decoding the actual image data
30 represented b}f "..." following the fifth marker, a
start of. gcan (508) marker. These code format '
standards are fully il_iscuased in the above- |



following the the SOP marker indicate the precision (i:e. nunber of bits
per Conponents), the height, 25 wi dth, nunber of conponents, etc. The
fourth mar é ’%W FPCA" which represents the beginning of '"a marker
segnent spec ?{/’r one or nore Huf fman tabl es of entr gpy &?/ded i redil 2005t a
whi ch are used in decoding the actual inmage data 30 represe 3 by "..."
followng the fifth marker, a start of scan (SOS) marker. These code
format standards are fully discussed ipsthe above WO 03/ 058000 18

PCT/ USO01/ 43631 15 JUL 2005 incorporated publication (fromwhich Figure 2A

IS reproduced) urther discussion herein is not inportant to an
under st andi ng offﬁﬁogqoﬁﬁgﬁ?iwl%ﬁi’%i@mmtﬁhmmmigdﬂ'&azxifse of the same

by those 5 skil|¥ePHaduchd) sand foirehéi raaoBskex ’hé;e'iExDX;’ cief the end of
i mge (LO) mar kitportanehed! g, 4 Qﬁrﬁn‘ﬁ‘in‘c ro t'ﬂ gure 2 t’ha two.

quanti zation tab%'ﬁs?%rigngrgw ded folTowng Thetherwentioni cating a
DQT- segnent. up 10 four 10-YEReLs Rrasticaneetheamame Hefthioed and used
si mul taneods| y. t%ddgdainithe amt. r etien*LANL nddher , dafp@nd ;he defined

quanti zati on t altihes eageor i idfRfel gﬁd,x)t ‘ihaHEExt abl es used to ‘quantize the
B strates a basic principle of the

S TR0 2 % S B tdd B eSS B PPl L
T ure 55 |1 ke nimattors o B ey 8 T4 L0, O
gce)(r:n;git inlg)iifdr)]gy Olgquehes 24! k88144 (Lt BE Jﬁégegt Eﬁ%ﬁ;:gror burposes of
" simultaneously .to dequantize and reconstruct the
data and the defined quaﬁtization tables are
identical to the tables used to guantize the
original image data, .
15 Figure 2B illustrates a basic principle of the
invention in this regard. The first four lines of
Figure 2B are also reproduced ffom the above-
incorporated publioation. The fifth line of Figure
| 2B illustrates a basic principle of the invention
20 and full compatibility of the inﬁention with the
JPEG standard for purposes of decoding the
compressed image data and reconstructing an image.
Specifically, the first line of Figure 2B is a
scale of unquantized DCT coefficient values extend,
25 for purposes of thig example, from -9 to +9 with a
center value of 0. The second line of Figure 2B
illustrates gquantization intervalg which, for
purposes of .this illustration, are egual and of
value = 4, It ghould he noted that the boundaries .
30 of the guantization interval are offset from the |
center or 0 value by one-half the quantization
interval, in accordance with the JpEG standard such



conpressed i nmage data and reconstructing an inmage. Specifically, the first
line of Figure 2B is a scale of unquantized DCT coefficient val ues extend,

25 for purposes of this exanple, from-9 to +9 with a center Vﬂé ue of O.
The second |\iv6€z/63§oo+:i gure 2B illustrates quantization interval s Jlih, for
purposes of -this illustration, are equal and of val uePCT/¥S01MI63shoul d be

noted that the boundaries 30 of the quantization interval are offset. from

the center or 0 value by one-half the quantization interval, in
accordance wi th the JPEG standard such W®%02/ 058000 19 15 JUL 2005

PCT/ USO1/ 43631 that the center quantization interval wll be symmetr.cal
about the 0 quant ithatl'€Re Vedie voi d bias in inmage values in the
reconstructed i n%rgl flt i \ﬂe{ 'foit H;étq'gral b?'h%"%ﬁ'é@’e,wﬂﬂi beprocess 5

ef fectively roundsS7iHe oridh RRPUE fheaRt avant iB€E o oaflieChf@tis, The third,
line of. Figure 2BVOR@WS biascihecimagie vaLReY i1ACEnPGE c@gg%’i‘gﬁt s; one

correspondi ng to tikege RS vef ¢ l.zation 1n t he previous
i fferi he chclﬁg g?%&éa Pé%ed Bhts pradedseci ents on

he first e by SePat{HTY. Reua she peisinahummentszeatonal . Thal | o
Lhis procgsz beILSBEfﬁ&Q#PnsgaIS? t he ?u?nt:zeqsﬁgz gggii:g;gn;;ovghifg have
een rounde :
accordance with t?'gay %{?%ﬁ%‘% arg bfh&ﬁlﬁ@saﬁ VB FRRL b6 quanti zi ng,
which is presumabPyotTia telChFoettisientiaione coatebpOdingTRb! tAyant i zation
interval) can be genter of gach quantization interval on the previous
10 line and differing from the soale of unquantized pogt
coefficients on the first )ine by a factor equal to
the quantization interval. wmhat is, this process
ef?ectiVely soales the quantized Dop éoefficients
wWhich have been rounded by the quantization intervai
15 as degcribed above. In accordance with the JPEG
standard, this scaling (but not the quan%izing
which is presumably limited by establishing a '
suitably small quantization interval) can be
- reversed upon decoding by subaéitutipn of values
20 from the quantization table, as illustrated in the
fourth line of Figure 2B, Note that the scale of
the fourth line of Figure 2B coincides with the
scale of the first line and thus corresponds (but
for the quantization) to the original image.
25 However, in accordance with the invention, and
as illustrated in the fifth line of Figure 2B 'the
values which are substituted for the quantizeé DeT
coe:ficients of the third line of Figure 2B are not
. necessarily constrained to be the values in the
30 quantization tabla by which the quantization was
performed, other than by the convention of the JPrg
standard. Moreover, the invention exploits the faot



reversed upon decodi ng by substitution of values 20 fromthe quantization
table, as illustrated in the fourth line of Figure 2B. Note that the scale

of the fo | ine of Figure 28 Coincides with the scale of theefy
b Sl s

line and t RUEY5f¥%sponds (but for the quanti zation) 5@1‘/&@@/4?{4 e rated in

| mage. 25 However, in accordance with the invention, an
the fifth line of Figure 2B, the values which are substituted for the

guanti zed DCT coefficients of the thirdzabine of Figure 2B are not

necessarily constrained to be the values in the 30 quantization table by
ot her than by the convention of the

whi ch the quanti zghi rformed,
JPEG standard. reeé)\r/teﬁrgéé%ﬁgﬁﬂ?é‘ﬂfpﬁﬂr%ﬂﬂddbrssd)m&@casyp,Q;/ 058000 15
JUL 2005 PCT/ USO 7'3,]\‘:.96‘?1“’2911% hEREG Bbandantdodehas qwarsgmggd/or sof t ware used
to inplenment theudREG submuh@gegfgpu%ss%ngl e 1"ook-"up 18%~subst i tuti on
of val ues transm gfpeget %C;M l:aa} any of a pTu Ernemitted borkt 2ati on tabl es.
That is, 5 while &hé Jg WSV (OF ppiantigstiomitables. quapy gation table
used for encodi nng & hﬁe”ﬂl@e@“ﬂ@mrdimpeduges @ et)it‘é no hardware or
software constr#AuRntizatimn den0daisad ki Qg%’; e i§en ity of data 'in the
TdepSidifgtabe Msedata in the

uanti zation tablfs Oiiid- Therefore
guant i zation talyy Sggb it ﬁégrd%clcfid@?, L%W%tﬂher spEtveirzat i on  scal i ng
can be achieved w ﬁoy? Mo ats FE&t@QﬁQd@t G IAGPCEE Lenfeh dg‘,_poder,
particularly rel élPith'-“t dhehquantfatdbAneds the LE f(gi dgxarrpf%, “as shown in
the fifth 39 ne offthefegnires agpmnﬁogﬁlg&r |J1aq_.at 1§ thz qhgﬁtl;j. dyn.am C range
table used in the decoder, any other quantizat:::mn
scaling can be achieved without modification of any

15 _ For example, as shown in the £ifth line of
Figure 21::! and considering the original dynamic range
c;.f component: values of ~g to +8, the original (but

o ::;i:ebsérestored as shown in-the fourth line of
or substantially arbitrarily chosen or
.9mpiriaally, mathematically or theoretica1}
- established values cap be substituted whichy;a
greatly expand the dynamio range, as shown in :£e
s féf:ha;i::eof Figure 2B and which mgy or may not
ar relationship to the original or
quantized DpoT coefficients; depending entirely on
the values of data in the quantization tabie used in
the decoder. Further, since the quantization tabple
. ::i:::.:sad in the decoder oan, in fact, bhe frealy
or use in the decoder, unmodified from
compliance with the JPEG standard, the inveﬁtors
have discovered that separation of loy contrast



of conponent values of -8 to +8, the original (but quantized) DCT val ues
of the first line of Figure 2B could be restored as shown in-the fourth

line of 20 Figure 2B or substantially arbitrarily chosen or "'errpi 51d§lgllﬂ}]5y

mat hemat i cal Wg ofyjsgéggeor etically established val ues can be subst
which may greatly expand the dynam c range, as shown i PCT/80I/4B63ith | i ne of

Figure 2S and which may or nay not 25 bear a linear relationship to the
original or quantizedDCT coefficients; dggehdi ng entirely on t he val ues
of data in the quantization table used in""the decoder.. further, since the

guanti zati on tabl etfﬁ-\é%l ues used in the decoder can, in fact, be freely 30

chosen for use in HERSd EpRYRRsioanos wﬂdtahﬁgaﬂpgﬁu}é%nd rd, the
w cont-r 02/ 0: 58000 21

inventors have di sodsersamd &Gkt akj of |
1 5 JUL 2005 PCT/ ﬁg#ﬁg%&%ea?ﬁ:?%g,&écg&rﬂgg%gﬂnl%imﬁtmawi al anounts
of noise and substaaﬁia incrededs Pna?hiéﬂsﬂlboystﬁtewkﬁﬁgehfeatures can be
achi eved consi st enFMiFtantialpincpensas imaratasesmprh A3 L3 cgﬂfression
efficiency S8as t hesi thegdmage & QA6 2aBoner consi sFEHtCAmney
unnodi fi ed oper ati%ﬁiﬁeat&ndar N JPE& cogﬁf‘ﬁ‘%"rﬁ copsdstent wishpreferred
form of encoder operatjon I's tSH niqf thétandard,haPEGoéordpiigene 3. Again,
It should be 10 kK ?ﬁ° € “mi nd t hat the follow ng description is provided,
for sinplicity and cl adi pyefdrtetcf | ngl e conponent -such as woul d
represent a nNONOGHH @NR o@gﬁﬁc:aj?e%{frrgg%é%eﬁ P8Rt ispghéen med usi ng
19F Figure 3, Again, it should pe

addi ti onal ggnmponent uch as
chep%: in mind that the following description is

provided, for simplicity and clarity, in term |
single component such as would repre;ent a ene
monochrome or grey-scale image but could be
. izr:orﬁéd using additional components such as would
noluded to represent color information, ag
It shou;d be understood that each componeh; < :ell'
.and probably would, have jits own independent :“ -
reduction.and expansion. as noted abbve, up t:ng:ur
’o- g:antizatlfn tables can be simultanecusly active and
ur compohents can be interleaved after a start-
scan (S08) marker. o
The principal function of the methodolo
depicte§ in Plgure 3 ig to encede a reducedq :znamic
e Egzge image. However, additional and optional image
yeis ang procegsing can be included as a
z:rfectinq_feature of the invention, Specifically
6P 110 is directed to development of a histogra ,
of the relative humbers or frequency of occurr:;cz
o :f image values apg is optiona% for any given |
ocument but it is-desirable to at least perfo
such an ana;ysis for a document or a Pluralit o
documents raprasentativa of at least a'class szf



15 be included to represent color information, as well. It should be
under st ood that each conponent could, .and probably would, have its own

i ndependent range reduction and expansion. As noted above, up EEM@%
quant i zat i oYYOt02B386e® can be sinul t aneously active and 20],(.;T r coﬂrﬁo’ can
be interleaved after a start--of- scan (SOS) marker. The H@FBaI function
of the ‘methodol ogy depicted in Figure 3 is.to encode a reduced dynam c

range i mage. However, additional and opti2@nal imge 25 anal ysis and
processing can be included as a perfecting feature of the invention.
Specifically, st@chh@nts, dimk.&C t o_devel opnent of a histogram of the
rel ative nunbers or f e?%e cﬂlgf L%%%‘i?rrwn'&’@“? deyrloped)aayabuesayand i s

for any giveR® {ﬁﬁéﬁﬁeﬁﬁrtﬂthertclaﬁsedeefrdﬁuﬁaéﬁgsgt | east perform

opt i onal

such an anal ysi s FoFe¥edocumyntlagser’ BE Udcthinetlf na JOGUNEBNLS representative
of et “loast 3ol aonask HAGGASSBIL i3 dgh b BT 0 TRHS61 25
docunents. TEhe hi gsggéam t hgﬁ deve oge‘c:i P fo Ui higtegrans sand abl e for

Ot her classes of docunent & SURghARtdal hikalibood stsit @irdesament s may, in

fact, share numePb@gses mﬂlaoﬁuﬁehtsoﬁaiau§1s&h§1£€r »apd 5 there is a
of “docunents having simlar

b ial likelt if f
substantial |ikel appedtareal &y ggﬁdlﬁc&, %%ﬁzoitf &9t ratinellybased on an

we

eneral appearan n be han
] Poa st nateed [ 8 gnatysifont @ singerdiasis, of deaiEmRL can be

anal ysis of a sing

expected to have 10 &Fhhpsdexglamai deduidingIcsn I eaks at or
o °r’fgugﬁg°‘% q;rog%ﬁg'c’:kgr ound and

clustered aBout m@iﬂgﬁ%ﬂﬁﬂﬂﬂhiﬁ&"dﬁ% ot hdfe Ct)trg\a eako t
whi ch may incl udeyygrered about a given. component value T At e
corresponding to a background and which may include
a low-contrast pattern. oOne Or more lesser
histogram peaks will also generally he produced
15 corresponding to indicia having different image’
values (eig. Printed text, handwritten indicia
letterhead, security indicia and the like) .‘ T!':e
range of image values represented by these peaks
?epresent the range of image values which may.be of
20 interest and, hence, the dynamio range of the image
vhich may be expected to contain information of
interest., Figure 3a illustrates an exemplary
histogram that might be expected to be derived from
processing images of the front and/or rear of an
25 executed. and negotiataed personal cheok (in general
the histograms will be substantjally different ’
between the front and back sldes of a personal
che:k; the back side generally presenting lower
contrast featu ]
. . ras and hence more closely grouped
In this exewplary histogram, connected peaks
181, comprising sub-peaks 182 and 183 generally



a lowcontrast pattern. One or nore lesser histogram peaks wll also
general ly be produced, 15 corresponding to indicia having different inmage
values (e.g. printed text, handwitten indicia, |etterhead, security -

i ndicia and“;d]ﬁm%@e). The range of image values represented by5tjpeag
peaks represent the range of inmage val ues whi ch nay bePGIfus@®3sant er est and,

hence, the dynam c range of the inmage which may be expected to contain
information of interest, Figure 3Aillustrates an exenplary histogram
that mght be expected to be derived frof? processing i mages of the front
and/ or rear of an 25 executed-and negoti ated personal check (in general,

the histograms w rbpbesent yaaRitdina (&id f‘ﬁlrigﬁte?%‘lfal tmﬁggg&hhgq%[ggggv\gpd back

si des of a person s.the back side @
contrast featur eseg?l’éiﬁ@?éga%reeibdéﬁo%@*}’egf’baﬁbh wh3Qeppeakis)rg4l n this
exenpl ary hi st ogr 3 XRRTRGEnt chandaksittitl ina 061Y, Y $a0caks 102 and 163

general |y WD 02/ Om%%ad&ﬁrii\ﬁﬁin&ﬁi/auggﬁéé%q%i 832 'E)‘?S?Ee Eﬁglé% o\l;\hn;jl .

beai i1 ooy SR RbEor LRI padi o meccmncaimmy T cpr cobn
security indicia 5_. 'ébﬂ_ea#‘nqi%ci@'”m e ”epvmﬁn’htgbjmtzgﬁéhpri e A
!\/achl ne readabl eXysdiiei andefec_iafr&ﬁ”v’? ih&gy éohﬁ gorl L0y . .
i ndexed fromO (b&%@xﬁfaﬂezéo%pgm' ey Eor ot nfU wogomnt . It
shoul d be noted that the — N oFoyram dlbsshpitld,becnoted Ithatered zero between
10 peaks, represeHEtRErABIdPasONGt Tecdssarint reRoh "z &l patween
10 peake, representing both noise and variation in the

values captured during scanning. It should also be
noted that the peaks do not extend over the entire
dynamic range but that hon-zero image histogram
values may exist over the entire dynamic range.
15 Step 120 of Figure 3 indicates optional

Preprocessing of the image data such ag tiltering

edge sharpening or signal-to-noise separation ,

techniques which can be advantageously used to

enhance image compression, reduce noise 'and improve
20 image legibllity. 1¢ should, however, be understood

that the invention provides a substantial degree of

such enhancements even in the absence of such

preprocessing and a synergistic effeot in regard to

these meritorious effects when preprocessing is
25 employed, as will bacome more clear from the

discussion of the invention balov.;.

An example of Preprocessing in acaordance with

4 histogram. (however derived but assumed to ha

approximately rapresentative of the image) would be
30 to remap all values of the background peak(s) that

are more extreme than the peak back to approximately

the central value of the pegk(s). This has the




val ues captured during scanning. It should also be noted that the peaks do
not extend over the entire dynam c range but that non-zero inage histogram
val ues may exi st over the entire dynam c range. 15 Step 120 of Figure 3

I ndi cat es OW0I0DYsad00 pr eprocessi ng of the inage data such as filigthgg.
edge sharpening or signal-to-noise separation techni qf&3/UsH{*343 can

advant ageously used to enhance inmage conpression, reduce noise and inprove
20 image legibility. It should, however,4sbe understood that the invention
provi des a substantial degree of such enhancenents even in the absence of

such preprocessirgkéand 3 synergistic effect in regard to these
meritorious effects Sirelt JPRYIC 83k hetiveen AhepRaR¥Cfe, S )i | | become rnore
clear fromthe die@ssion) dfowaba try pehkeN LY,

0 e e of
o e v | v ey o eimdly GG UL R

assuzred to be Loately repr

remap all v Iues%ggb?ﬁggﬁ%ﬂé%ufﬁ ¥riugs whdch wnayp rapreelyt r eme than the

peak back tb appPotpfmt eﬂi)rlilahepmetswﬁgwnuse%e%f%%ag(ls). This has the
0 Vin

WO 07/ 058000 24 PEFatiblld 435340 ﬂgL?ﬁgglgé’%ggte B tnarn, n%gltaa gﬁ;ween t he

peaks (e.g. in | . owar

i ncreasing the dgﬁlggg%oétg%f’ﬁﬁfé“aﬁéﬁﬂ%r Wit has semprivmaidng nany i mage val ues

whi ch may repres8f$iTAMG Se. plicu ithe ﬁHdk@QSﬁﬁ@ﬂ,é@{l (g? ﬁrf'ormad in regard

t |1 otdlu " | h h ing- it

has. been fiound  gge, Lagt et ioind pbaef Atk (hageavadus 200 cf Ustor ¢ he
peaks) o e et Lol Tons Gacksmound) in onder to

background peaks).near | nmage
.Broéiae image values representing lighter features

while assuming that all other features of interest
will be darker than the background; This process is
referred to as coring since data ‘between peaks is
15 substantially removed. an alternate depiction of
co?ing is shown in Figure 6a in which little if any
?ynamio range is allocated to g regibn vhere no
information of interest ig expected.
2o apparzitt::fends of the nominal dynamic range of the
; ormation content of the image (e.q.
outside range 189) further noise can be removed b
c;ipping as discussed in European Patent application
FP 188193, hereby fully incorporated by reference
Further, in combination with clipping and aoring .
28 the data can bg remapped to further reduce the '
dynanic range. An alternative depiotion of ¢lippin
is shown in Figura 6B showing little if any of the ’
dynanic range allocated to the regions beyond the

dynamic range (fxom 15 to
_ A 340) of th
30 interest, o ®dutaor

It should be appreciateqd at this p;int that
while noise is reduced and preservation of detail



10 (for a relatively light background) in order to -provide imge val ues
representing lighter features while assumng that all other features of

interest. will be darker than the background. This process |£%Jﬁ€@3rred to

as coring swpgedaa bet ween peaks is 15 substantially renov
alternate depiction of coring is shown in Figure 6A i PORNISUABEIttI e i f any

dynamc range is allocated to a region where no information of interest is

expected. At the ends of the nom nal dynggié range of the 20 appar.ent
i nformati on content of the inmage (e.g. outside range 169) further noise

can be renoved by cliégﬁxl as di scussed in European Patent application EP
188193, hereby fuPFyY rbzof—h%eﬂ’qw peé¢praveseing FUH Qagrhd %onbi nati on
g?urt er reduce the

with clipping andcotprersicds € q 1o
dynani c Pgngg. Anwmi;?%h%é:g@g:zf%?‘r’bfp%ép " o Fdure oA
shoving Iittle ifafy of Ghe éna.mﬁ e an| iacededodate asegi ons beyond
the dynanic rangé (15 t8 prian adudatused, 30 interest. It should
be appreci aka al Lhi Shislotn Uinacoul st gl SRUCSS S0 Prese val | on
[4
preprocessing, the dﬂﬁéeaé!?itfglg#égeyg SHrpg-%FWnprobeBmftHahe dznarri ’
i o oo B i e L
t hreshol di ng, - ‘_"Wnbﬁeacﬂaﬁ:-tflgcélc!ﬂq%ag&éréso??%gggeaﬁ §€§§Sh9w ™
| ncrease eEEPCt'\ﬁ%teggigfiégggeergf data ey 10 the
compression). fThus, aftar
preprocessing{ remapping the histogram peaks, the
data represented in the histogram of Figure ;A ma
fppear remapped as shown in Figure 3B with the !
dynanic range 189! significantly reduced.
15 Step 130 depicts setting of the dynamio ran e
- uhiqh_will be used in the coding of the inmage.- ;he
reduction of dynamic range will generally be |
. proportional to the degree of data compression to be
| achieyed oconeistent with (e.g. limited py)
20 maintaining desired image detail. wWithin these
constraints, the dynamic range can be fféely chosen
It follows that since the number of image values .
expected to contain information are well=-segregated
qgﬁ mapped into narrow ranges, the degree of data
25 compression for documents or othey data which can be
coarsaly quantized, can be substantial without loes
of infoxmation of interest.' This is depicted in an
alternativa. manner in Figurae 6C by g reduction of
the slope of the 1ine indicating correspondence of
30 the image values and the data values within the
dynanic range.

The "paw" range may be based on a ﬁiatoqram of



preprocessing is perforned, the peaks are less noisy and nore clearly
defined (thus increasing the 10 potential degree of data conpression).
Thus, after, preprocessing, remapping.the histogram peaks, the dajg s
representedw? @ohistogran1of Figure 3A may appear @@ﬁ@g@ﬁ@igs shown tn
Figure 3B wth the dynam c range 189" significantly reduced. f Step 130
depicts setting of the dynamc range which-will be. used in the coding of
the imge., The reduction of dynamc radge will generally be ‘proportional

to the degree of data conpression to be ‘achieved consistent with (e.qg.
Wthin these constraints,

limted by) 20 nmaeasmiiy | ' e detail.
tie dynam c range_.can bga]‘grgg%&?%glggﬁ. Ver: ar BIYxpdd tynef mawem t he nunber
of inmage val ues 8§p%j€'lp d PEsWisdy awhth miromdthewtn are wel | - segregated and

nmapped into narr oRFeRINFesSFindjretappery Afs dkéy £8 rgssibé)qn for docunents

oot et o it e e S B IATLL S 2 Dkl ot v

| oss of ingornatéggﬁylg Lnterest.

manner in Figure Voar TEIfuERRoke ofurthes ¥dusedototimindniine i ndi cating
correspondence of “WPreERsed faggeveizme conslistdift GatH Y%"%jdﬂ&i ,thin the
dynam c range. Theduiedhenty)ge nmay be based on a histogramof 15 JUL 2005

WO 02/ 058000 PCT/ US01443 26 each inmage or Collected over a plurality of
i mges or sinply ssgﬁe%&)eﬁ‘?ﬂ"a'ﬁﬁ'.\ﬂaf‘ﬁ%ﬂg atr 469 aubeslisnpbieiR@Pi Ng as

di scussed above. ¥3cBS1ahemyetitvalgantizdtipaelote st 2y shef. This 5
dynami ¢ rae caiRsbgs] urdner réiaRA Fou1B,"BbE BTN LS of G d® O 2°
consistent with hLagbRk ed image was realized even though the
humbex of intensities was reduced below that
currently qonsidered to be minimally acoeptable.
Background images were rendered with strong contours
15 (e.g..increased contrast) but the finest print
presented remained legible consistent with the
priority of the experiment, Other processing éould'
clearly refine the overall acceptability and
appearance of the imaga,
20 This changed dynamic range is then represented
in a first quantizatjon table (hereinafter ¢ tablel)
from which a second quantization table (hereinafter
Q table2) to recover or expand the dynamic.range can
be computed, In this regard, it should he noted
25 that either dynamio range 189 or 189' can bhe

expandeg_to substantially the full dynamic range of
0 to 256. Then, the rémapped image data
representing the origina) image are encoded ueing ¢
tablel as shown at 150 ip the normal JPEG compliant

30 nanner, following which Q table2 ie substituted for
Q tablel in the coded data as shown at 160 and

stored or transmitted ag daepicted at 170.




In experinments, sanpling at 160 pixels per inch and using
only five quantization levels, a 51:1 (_ 10 256/5) range reduction rati o,

good legibility of the reconstructed i nage was realized even tf,(rsg@[llz@?e
be

nunber of i W@ER2Os80MEes was reduced bel ow that currentl y"\ﬂ%ﬁégi de
m nimal |y acceptabl.e. Background i nages were rendered 'éﬁ’f’éng contours
15 (e.g. increased contrast) but the finest print presented renained

| egi bl e consistent with the priority off?the experinent. Oher’ protessing

could clearly refine the overall acceptability and appearance of the
i mage. 20 Thi s changegigy @¥pCgh .S _then represented in a first
tg'BPe?‘)"n’ #F #fsecond quanti zation

quanti zation tablcqi%gg{‘gi tgr .
tabl e (hereinafter B POriRg angythe srondipatbn be dy #ig Fange can
be conputed. In It?‘?F%“Ge@H} Gpalingslmﬁuagnmdwghgge% ﬁltlgat vgi tjrger dynami ¢
r?ngg 18920r 1_?_2 effact her %pp: gli&gﬁéaggl al |y hg ’Eﬁ‘h dynam c Irange
?na to 25%6. Sgﬁragghqs%qggﬁﬁktégnéianai 4 SWrad€ent i ng the origi na
ge are encoded USIng _ thio the abeinaysyml JPEG
L 2 T e 9 Sl b e i S .0 L0,
is the coded dat aigsa ored or transm s depicted a
AL Otg% 6%5#‘ . eEpgided 8D shows t Ee

170. WD 02/ 05800 2005
&%{te{ifﬁg ?‘ngcaﬁa‘%@rlilﬁyseynbdthe conbi nation of clipping,

requirenents.

conbi ned results
coring and coal iWRﬁ/BG}) bivd ty doataveehhpe Ve Wlleke fiéﬁ‘;}qt%nccl,} ppi ng al |l ows

more acculfite  similarly valued data is of importance, Scaling of
the dynamic range allows greater compression ofgdata
volume and, in combination with clipping and corin
provides z:educed averall and maximum variance formg
, the values of interest, ag depicted by line 500
15 with the result of further reducing noise consi;tent
with potentially increased image fidelity.
Figuree 3D = 3F show actual histograms of the
front of a check containing a background image after
6 difgeren.t Stages of Pre-processing to reduce the
dynamic range. Figure 3¢ ig a histogram of the
original image. Figure 3D represents the same ima
after the image was clipped to a range of 226 frcnnge
1.5 to 240, Figure 3E Srapresents the clipped image
With its dynamic range scaled down an additional ’
25 faotor of two to a new range of 133 from 72 to 184
Figure 3F shows a histogram of the olipped and '
scaled image after coring plus and minus ten values
in the background for a £inal range of 93 from 82 to -
174, (The new paak value 0of one hundred ten

30 thousand has been reduceq
for purposes
{1lustration,) y °f this



.5 representation of the signal within the available dynam c range by
allowi ng the dynam c range of the signal of interest to be eventually

expanded t. reater range. Coring allows greater slope/sensjfivit
bet ween pea ?%66?1%9"8 distinction of 10 similarly val ueq,cq%gamgéi%ﬂﬂu

| nportance. scaling of the dynam c range Al ows greater conpression of
data volunme and, in conbination with ci/i%*)pi ng and coring provides reduced
overall and nmaxi num variance form the ues of interest, As depicted by
line 500, 15 with the result of further reducing noise consistent wth

potential l'y increased Usiagetid gekit dxanmi@ULES. 3D - ,3F show act ual
hi st ograms of t heyudeant cgéesa cheﬁk,)(c:agl:ﬂl% %ﬁﬁ&tgﬂﬁéengtm andge after
di fferent ,stage e- pr gt &eun gt Snexuk eott PtheZ@p:d(yrwghga{.@’nge. Fi gure

of pr
3Cis a histogr a?ﬁrﬁf &Hﬁm@r iigrgel (Fiyage. 3&) giggoégrégggr%e%ents t he sane
i mage Ater the i%fagsovkhpted.i pReee %ﬁpf)i‘ﬂ?e f 2 rom “t5 to X240.
i W Th T¥sCoRpEafisedr abee scal ed :down

Fi 3E & Gl
igure réepr esmbi'eEBf‘d ?f‘ %ﬁf&f l)t%:gﬁeﬁ}? Ifesol Fidf-o npm: 7m0 184,

an additional. 2

Fi gure 3F shows gyh%’(sﬁigg‘?%owél”@%fw Aduces & rifgg&? e S0
glzutsoanil721 ntj?rhfaégagalq'i“;‘ \1/:_bn{d,b@f7b39¥&§° g’é‘gg{:’eﬁ fglg aﬁg{é{'ﬁﬁ ﬁgsggegaom
reduced for purpéégu@%s’%gﬁﬁﬁ#uggﬁqq% F OUDEOERISEN0 sldal> JUL 2005
PCT/ LSO/ 43631 sty T "1 58k ocampattyaaat L znddue 1oablfsaatd Hif fman codes
found in Aflnex KS¥¥E+ he JPEG standar d.
Referring now to Figure 4, decoding the image
. coded as discussed above will now be¢ diecugsed gAs
shown at 210, the coded image ig Yetrieved or .
received. howc._wer, it will be recalled that the
15 quanti_zation table specifying how the deooding will
be pe?:'formed is now ¢ table2, computed ang
substituted to restore or enhance the ériqinal
dynamic range. Then the decoding is performed to
reconstruct a restored. or enhanced image from
20 severely compressed data. Those skilled in the art
will recognize that steps.210 and 220 represent
hormal decoding in accordance with the JPEG
standard, Unmodified, and are equally representative
of any other data compression scheme including
25 quantization. fThe JpEG standard specifies that the
reconstructed values in the Qecoder aren integers in
the range of 0 to 2’ - 3 where P is the precision of
the image component(s). It does not specify whether
.the conversjion to integers is by rounding or
30 truncation., If the Q tablel of the encoder wera
used and the subsequently the range expanded i'.his
quantization to integer output values would '



I mage (Figure 3C) is conpressed to 15,650 bytes. After
Cipping, the conpressed size decreased slightly to 15,513 bytes (Figure
3D).' The dynam c range scaling further reduces conpressed i size to

10, 397 byt esw6bisgsegog 3E) and coring (Figure 3F) further reduced ¢ #i 20
Conpressed data-size to 8,802 bytes or roughly a 2:1 r BaT/U$0/48431 n dat a
3.0 site, Referring nowto Figure 41 decoding the image coded as discussed
above will now be discussed. As shown at,g210, the coded inmage Le retrieved
or received. however, it will be recall é& that the quantization table

speci fyi ng how theilgtec ding will be- perforned is how Q table2 r conputed
and substituted tO ret BFWaoumawmrﬁnB Qeﬁ._utﬂg%gri gi nal Then
en

the decoding i s peiied fbd tamger PeRAiIbHCE ored. or nced | mage
' ?(ia‘ﬁ"g%tﬁ 5Ot phEadn; extyeme r ecogni ze

from 20 severely g8fgh data. Those s
that steps 210 And 2 OF'égé)drdisent normal decoding in accordance- with the

JPEG Standard unnodi f fdons dheqleEd \stiapaaege i f ,any ot her
%%g\igf’éﬁ andard

data conpres3ion fO¥ereconatehueid §allagl 5@t LR
specifies, that tlhee a@saytal’ #shed yal u%ﬁat%htgﬁe‘?ﬂ&#dawwei ntegers in
siemmed, o i
the range of O tOgZE e 3 \é\here | % C@chmumuﬂw‘ i
conponent (s). It doe 459', Speeseryevhctend to, phef@pm%sb&ﬁ‘r%‘g cre Jused a
by rounding or 301BpgeR &fi decunientseriPst 3RLE AP TR o becaor oot our
e
t he subsequently t&eg rWGEeﬂ%ggngf FhALs,  quanti 8N ke eger Qut put
Val ues woulyg WO 05l 0p3Q00Q d S ov e or oo 12 0 tanle:
gned to overoompensate for the original image
re:uction. In this process some edge quantization
holse may ba olamped avay. Optional analysis 230
:nd post-processing 24 can be applied, as desired
. io:v: éxample, to remap background peaks to differer'zt .
mage values or separations. The optional histogram
an: ;.;psf:fprgcessing nay be used to restore the
original mean, average contrast or some desired mean
and/oxr range such as the origina) range
y iAs shown in Figure &, thg invention is also
appl cable to JPEG enocoded data once reconstructed
in accordance with the JPEG standard. fThat ig
i:aqe data can be qompressed and codeqd in acco:;dance
with an appropriate Q tableo (aistinct from Q tablei
2_5 a_:}_d Q table2) as shown at 310, storeq and/or
:ransmittgd (320), received/ratrieved (330) and then
ecoded using the geme R tableo, completely in
| accordance with JPEG techniques p.i-:l.or to applying
. the conmpression.of Figura 3. Therefore, the
. ;nvent;lon is fully applicable to existing
repogitories of image data for further éon\praasion
@d reduof:ion of the storage costs thereot

t he ori gi nal



particularly when. the

PCT/ US01/ 43631 i ntroduce extra unnecessary errors,
t he

range reduction is severe to obtain extrene Conpression. In addition,
5 any reconstructed val ues outside

JPEG st and | fies that he
%805&5%1) expected to be clanped at the expectp@fl,ugbqy,,lzm,;lla;1 JUL 20 ce

al | owed range
human observers tend to prefer high contrast inmges of docunents, this

internal clanping can be used to create_a higher contrast inmage if Q
tabl et 10 is designed to overconpensate 1dr the ori gi nal inmage reduction,
In this process sone edge quantization noise may be clanped away. Opti onal

anal ylsi s t230 and postF-iFQ\ueEESisWﬂ Qﬂoﬁ?ﬁfa € @ﬂ@iﬁ%dianﬁgggq%}:erged’ for
exanpl e, to renmpelifsdddepen he &Lt be us
Separat | ons. ' The s GiCT 2t GBEATRLAh3080E 0% ux damgemapapebe Used (o
restore the origjna ndetakaFage Beninage iy reRERe P G Celpan | andor
range such as t he%o/9UPRABSedIZ6. with SRPVEokkdgsQUl, S Sy L NE | NVENt i On 'S
al so 20 appl i cabin=lnaidgEfodieadshadale pnce CCCONSTRUEAS i 2gcor dance
with the JPEG st@%%ﬁgr ?ha& IS, maSé' ¥ d8an be conpressed and coded in
accordance with an a Bﬁ%ﬁ /9pgodsd 8P ey (ahi spppopriftaraehédd.cl  and Q
tabl et) as shown*4f SBBionalohéstayranoind Hric pRsal Bfiows
. . 3 3 ) ﬁgé%%&?]ﬁ owy dn
recei ved/ retri ev®dgesen)) and ﬁ&@gélq%%gm ’E‘g e°s t&bl eQ,
conmpletely in aCEH&mgﬁ 11?-4 Lh JPEGTec 8 DrTde fobuppayi hg the
conpr essi g{} of Fi ‘gure i ge , ¥hdlockven) dmd sahyd lof epel i cable to
exi sting 30 repodfR%e i refubehgertatm Hetelplidie,OOBPT 6551 ON  and
reduction of thereduraeangs! fuahhefs Uy bg\ocgn%r%%%@;? (p;ssibly
with a different compression technique) . 1t is
encoded 760. Then the reduced range image is (with
or without compression) is stored with range |
15 expansion information 770.. For the JPEG DCT-based
?ompression, this gange eXpansion information can be
in the ‘form of substituted, scaled q taﬁlez. For
other applications, it nay be in the form of a JpEG-
LS output remapping table.
20 : '
Figure 8 is & flow chart showing use of this
range-reduced imaga, The image with the range
expansion information ig retrieved 810. If it was
compressed 820, it is decoded 830 with the
e corresponding decoder. The range of the image is
;:h_en expanded (if not already done at 830) as
indicated at s40. Optional histogram 850 and post-
pr_oceasing 860 stages are shown following range
expansion but coyld precede it,
o o In fiew of the foregoing and with referenca to
gures 6A ~ 6D, the invention Provides substantial
additional qata volume compression of images of |
documents or other data which can be ‘coarsely



30 PCT/ US01/ 4363115 JUL 2015 Figure 7 is a flow chart show ng a preferred
enbodi nent for extending the tine an image nay be kept in a database. The
image is.retrieved 710 and, if conpreesed 720 with any conpression - ..
techni que 5 iNng | ossless coding, it is deconpressed/ decod g by
an approprigkg&%gggger. The optional histogram and prop@wmuggaﬁﬁ J@éa@hn
in Figure 3) are not illustrated in Figure 7 but may be included if
desired. In block 740, the range of the 10 image is reduced, If, as

determ ned at 750, the reduced range ingife is to be conpressed, (possibly
with a different coenpression technique), it is encoded 760'. Then the
Fange- 15 expansi on b e, Rithod ot idnt (it naw Bustrer conpr essi on
this range expansion i gaﬁg?-i‘(ﬂ?‘"@ant%éﬁ knansm ¢ tfedr B}Oét&lé??[i tuted;
scal ed q tabl et. F%FbSWMéalamm&:eﬁtémgcgﬁén Yanid€ h,g?% he formof a JPEG
LS out put retrappiigpricvahénte Gl ﬁg&?fdeé s a flow “E’I‘?Sﬁu ng use of '
this range-geduc trlﬁge . The | rage Wt 1¥ tHRePrapgesing madgoon i nf or mati on
is retrieved 810. N1 1 Proaessingnbe cena degye velussdogagdagagy th the cT
respondi ng decoder®®anpe¥.range of the image is 2S then expanded (if not

al ready dongGSt t830) aﬁii@?},&aﬁﬁﬂ 'ﬁgﬁﬁﬁgﬂ'ﬁr g)ﬁ%igogm%rmo iagd post -
processi ng S e .shown o ofn ou

precede it. In vi g,\%e% g{'??e}ef Bregarned embpddment; el &Rl Peq Fi gures 6A
,- 6D, the invent tha roWiddsreadpiiaat it tﬁgdﬂ\"&ﬁlondggﬁ l;/eo une
conpressi oM®f | Tpgaet{ded with wodification within the spirit and

scope of the appended clajms.



docunents or other data which can be coarsely WO 02/ MOOO 31 PCT/ US01/ 43631
15 JUL 2005 quantized wi thout significant |oss and further reduces data,
volune to be transmtted or stored. Substantial further enhancenments and

performance inprovenents are provided by preprocessing and/ Or\/i 0
post-processing to remap i mage val ues.an. any desired manner. r’q'-ez @he.

I nvention has been described in .terns of a single preferred enbodi nent,

t hose ski l'«@gaﬂ the art will recognize that the invention can be 10
practiced W't h ffbdi fi cation within the spirit and scope of the appended
claims. -32 W claim 15 JUL 2005 1. A nmethod of conpressing captured data

conprising the g hﬁaﬂ? | rst ant zation table; reducing
the dynanic range caﬁ?’ﬁ&e%q%%%m?do‘i sttRspfced dynam c range;
conpr essi ng s ai gleatinge tmdzammmbéa;l dynam c range with said first
quagt | zZation é@%{cﬁl fRE : eo?%gégggtﬁm Hm*gz&}“ ng %Elgqg{&nsmttl ng
sai d conpressed da 0g e
represent FHECa dynam c range ot her than said reduced dynam c range for
cxpanst on, ©f, SUrGRipiAS Ry ofSa A Wniol NG KR TS g B
det er ni ni ?FEQWB‘WH%‘PP’W Hte; #dnge for data of interest. 3. A nethod as
rA\eC| Eﬁddl n cl aiswridg of ﬁiﬂshﬁ&mg@ﬁﬁlﬂé Ebsﬁ-.dsfaﬁ 0, tthW?PP é& nd ﬁmgﬁﬁé,al ues. 4.
met ho in,clai,m In sal Cl i c range
sai d %ﬁcrgfr R %d%ﬂﬂ"?'%megﬂrs n gaig pdd ranggforexpamsmt hod as
recr ted iof seidedompiessedtdatadianingai rddwried Byrdinié &HB&IWH&Q debRg val ues of

(

3D

2. A method as recited in claim 1, including the further step of:
determining a nominal dynamic range for data of interest.

3. A method as recited in claim 1, further including a step of remapping image
values. |

4, A method as recited in claim 1, wherein said step of reducing dynamic range of
said data includes at least onc of clipping and coring,

5. A method as recited in claim 1, wherein said step of remapping image values of
said data includes at least one of clipping, coring and dynamic range reduction.

6. A method as recited in claim 1, including the further step of:
decoding said compressed data using said second quantization table.

7. A method as recited in clajm 6, wherein said decoding step is performed using &
decoder implementing the JPBG standard,

8. An apparatus for compressing captured date comprising:
means for selecting a first quantization table;

means for reducing the dynamic range of captured data, forming data of reduced
dynamic range;

{RALIBCX|4754.d0c:emm



said data includes at | east one of clipping, coring and dynam c range
reduction. 6. A nethod as recited in claiml, including the further step
of . decodi ng said conpressed data using said second quantization table. 7.
A nethod as recited in claim6, wherein said decoding step is pet§ dijirooe
using a decoder inplenenting the JPEG@s$tandard. 8. An apparatus for
conpressing captured data conprising: neans for selecting a first

guanti zation tabl e; ans for reducing the dynam c range of captured data,
forming data ofmFaé’aﬁWmHW%séldr%Ef sgigreduceriadypemim Rage okith. sajid first J UL

2005 - 33 rquantizafied table ferafasedmproésabdldfataaqof sai d reduced dynanic range with
said first qugglti z&tl.i%n.tabl e form ng conpressed data, and means for
n

storing or tra ORUlg OF EHITPYRE Seid Fomprasendedatas fogathen with vessoordl

guant i zat iqumu?Jﬂbimtabbpepe@nﬁimg dsmhyio Fiige dﬂ&b?%ngéa{lﬁ{egaé@ruﬁm g ed
ynam G r §hg& .CONMPress ata having a redute
dynami g range? ﬁﬁ’é‘ﬁ%@@%ﬁ@%‘g& di‘ﬁ'hgmggﬂﬁge ALEYC; TRRGE, MhER degodeds . furt her
i ncl udi ng: nmeans for determ ning a nom nal dynam c range for data of

interest.9l0. Ay V%‘?B@Fﬁ%ﬁ‘%ﬁﬁ}ﬁ’%@ﬁa{cﬁg.“gl)gg’ further including: neans

for remapping im 5. Yecited in claim8, wherein
said neans for m%fﬁj@rﬁ@emymmmonﬁmhgmmﬁcm'gdfoddhﬁofhﬁérﬂdes means for at
| east one of clipping and coring. 12. An apparatus as recited in claimS8,
wherein said ans for remapping image values of said data includes neans
for at |east on® 3pParaus pyvepited in glaim §, fumbicrdgeluding: r ange reduction. 13. An

apparatus as rmhﬁs&ﬁriemaﬁﬂiﬁ'giﬁlfgcvfa;ﬁgg_her i ncl udi ng: means for decoding said
conpressed data using sald Second quantization table. 14. A nethod as

recited in claim13, wherein said neans for decoding inplenents the JPEG
st andar d.1{ R YABGpPardfid &b 4¢biteq i Glaim 8, wherein said means for reducing dynamic

range of said data includes means for at least one of clipping and coring,.

12 An apparatus as recited in claim 8, wherein said means for remapping image

values of said data includes means for at least one of clipping, coring and dynamic range
reduction,

13. Anapparatus as recited in claim 8, farther including:
means for decoding said compressed data using said second quantization table,

‘14. A method as recited in claim 13, wherein said means for decoding implements
the JPEG standard.
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