SYSTEM AND METHOD FOR AUTOVATI C PAGE REG STRATI ON AND AUTCNATIC ZONE
DETECTI ON DURI NG FORMS PROCESSI NG _BACKGROUND 5 Field of Invention This
invention relates to the field of forns processing with optical scanners
and optical character recognition, and nore particularly, to systens and
met hods that automatically detect and conpensate for page skew and
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25 Previous systems for forms processing have used templates with user

defined zones located in the template to 1dent1fy locations on an input document
image where the desired text is likely to be found. In these systems, the user
defined zones in the template are located with respect to the identified boundaries
of the image, that is, the top, bottom and sides of the image as defined in the bit

30 map. :
The problem with these conventional systems is that when a subsequent
~ document is processed with the template, the user defined zones do not accurately
register, or locate, on the image produced from the document. This occurs because
when the document is scanned, the document may be rotated with respect to the
35 scanner’s bed, either because of misfeeding by a document feeder, or improper
placement by a user. Additionally, the document may be displaced from the sides of




The present invention overcones the foregoing limtations by a nethod and
10 systemthat automatically identifies the user defined zones within a
docunment even in the presence of significant anmounts of skew or
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template. Where there is a match, the system can then accurately “the user
defined zones on the image, and thereby use an optical character recognition facility
30 to extract the text or any user defined information from the image at those

locations.

A template is formed by a number of processing operations. Preferably, the
input image is subsampled to about 50 dpi. Skew is detected and the image is
rotated to remove the skew. A data preparation stage removes horizontal and

35 vertical lines, and then smoothes the remaining image data, which should be
mainly text data and picture type data, into blocks of connected pixels. These blocks
are then labeled, provided with an identification number, and classified into text,
image, or dual blocks.




registration. Figure 3 is a flowgraph of the process of a defining a

teaplate. 15 Figure 4 is a dataflow diagramof the definition

executive with respect to various nodules used to create a tenplate
definition. Figures 5a and 5b are illustrations of the skew detection
process for detecting skewin-an input inmage. Figure 6 is a flowgraph of
t he processwo9a3getw det ection 20 Fi gures 7a and 7b POTAIS96/05011

an i mage. Pl gur o The Qaspitiad Bibtks,ars Biioen BHeres eraiae s ige 6 Frowideca n
conj uncti on xmmben/afrsystm\rhmhldsmzﬁble for ase in agimmmplata hemgsrk. FCGdiR ohes S
a flowgraph gf

fl owgraph of&ttﬁhqﬁr ?Lskgi‘ﬁt slg%:a on procet;@of;;?;fﬁon ?f%g*ﬂkﬁal%dﬁ]sge, and
Figure 11 i fromy cymagyic data-pefvork;defines 1 2
is a flowgr chie nélahdnslppobel.weenf tlwaf egrﬂeng thdcsdymednresdlahanneiuo rskew, and

Fi gures 13a dthedY MivaribhPRENRRY SinckiRe B Blolks 6 Hot hah APyt
e e 2ot Sonba by L i e e

bi t onal i mac® ‘"‘%ﬁ?

i mge of Fi gletwoﬂas éml lhmusgepﬁhlé w\gaﬁatmmfskeg, displacemeif) and the like.
illustration of horizontal |ine renoval on the inmage of Figure 35 15.

Figure 17 is an illustration oBri‘ehBesdmﬁmﬁiftﬁh

| W,j:# wi t hout hor| zont al
lines. Fhgure 18F1 nl i lauﬁltorc I usg?%i of i sy HBRCro %HE}&IM ?eﬁi%

and rotated.  Fi |on e SMDOo

18. 3 Fi ‘i‘%e’-' @PP%F}BWP"(S W@&W&WP%W ng vertlcal
lines in Fi gure Eguﬁl@hreﬂ&wgaptmf theelovetalbinethibdodf temijdats lutinition and age
i mage W t houfs gntal or vertical Iines fromthe conbination of t

| mage of Figu and 20. 5 gure 22 is an illustration of the

correctly rot ate gae‘séfﬂW&?PBOQﬂ‘?BMQfgﬂmwt@n. Figure 23
is an ilO&strati diigtnfe 4ds iazdatafiows diagrdnngf the déﬁmtxaﬁgﬁceelﬁnﬁt QHELE réspect to

Figure 24 i tis8d on the inmage of Figure
21. 10 s"%l’éis Hé%f&?ipgr‘#i% ratt{lﬁélam an |rrarc%e foll ow ng vertical
and hori zont al A8 iy H?'éattﬂrﬁcﬂg@e ekep detectionpragess for detegting
of further sshwthlngmputtﬂmgenage of Fi gure 25 to refine the data bl ocks

therein. Figure 2 H ﬁdf F_péwtdg ults of |abeling
t he datajfl ocks j:'sgl n_the 1 FI ur es
il lustrattons a ?ﬁ E'Yevﬂhf"ﬁ t“&ﬁ'é%‘t?}’?“es for defining user

efined zones on an image.
Figure 8 is a data flow diagram of the data preparation module in
conjunction with various modules for preparing an input image.
Figure 9 is a flowgraph of the data preparation process.
25 Figure 10 is a flowgraph of the block identification process of the labeling
module.
Figure 11 is a flowgraph of the data type classification process.
Figure 12 is a flowgraph of the process of creating the dynamic data networks.
Figures 13a and 13b are a flowgraph of the process of registering an input
30 image with a template.
Figure 14 is an illustration of a deskewed bitonal image subsampled at 50 dpi.
Figure 15 is an illustration of the image of Figure 14 following runlength
smoothing.
Figure 16 is an illustration of horizontal line removal on the image of Figure
35 15. .
Figure 17 is an illustration of the image of Figure 14 without horizontal lines.
Figure 18 is an illustration of the image of Figure 17 normalized and rotated.
Figure 19 is an illustration of the smoothed image of Figure 18.
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constructi on DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 System Architecture
Referring now to Flgure 1, there is_shown a system_for using the inproved
automati c page registration systemof the present invention. The system 100
i ncludes a conputer 101 having a secondary storage 107 for long terns
storage of scanned docunents and page regi stration tenplates, an input
devi ce 109 QI%SM|S out put device 116 for receiving and OREERURISDINHL
commands and data_jnto_the system 100, and an addressable nenory 113 for
storing the vari oﬁigt%a@m Retratign e&@&wﬁﬂss rwwrméﬁmalﬁtss iry figure

system 100 i 8] udes a scanner 115 that is capable of scanning input

docunents, and pr | Y l.e el l,or...hi
map files for the_?l _utag gghhﬁ%fgmﬁg?&%%sgg@%éé&:&%}&@%@ }%.ﬁégaé}t
30 50 dpi rQE(YFEH‘ﬁ .eﬂrcwlsmx eombingtion of the. 1mageef Figures 187and;20. 1 i nt i ng
docunent s,5 i ncl udFigmre 22 e dndilhusteation, of ithe idoerectly Crormtedsirhage & Figure 2h1e
system 100. mﬂ;ﬁagﬁm ry 113 includes a nunber of code nodul es

r co se

t hat togethe n execut abl e arﬂ;m{ i cati (in' t hat, manages  the automatic
page registrationF1EFeda 18an Jlusiragon of horizonta (?H.mqa%!‘% o the image of Figure
addressable 28 nenory 113 includes an application executive 137, a scanner
control nodul e 13§; sd ol ' : ' ' lny e
135, a mpi ficati Eae 3t & PkabbA Y etce%%'.’“gﬁﬁ“ﬁ%&h?‘%%?@ﬁ°§§§§%§ﬁ¥-§
modul e 1280 a dat Eigyre 43 18 an illugization ebgn ‘&“48?0@9%%“80%3113114 hosizontal

t enpl at e nodsimeoflifig taformdatapblockd. character recognition nodul e 145. The

operation of thes 1$@§ allStEioN &f fubfh hhe : 1,.A0
a description @]‘l 3 e rh%ﬁéiggﬁ t atows(ll’fpporFggﬁ%@?ggﬂp%aﬁggﬁgfgé{r%%ﬁ
The addr essaB¥f "né}?oq‘{}a OCKP SREEEY i ncl udes a prinmary image buffer 141 and
secondary i mage bbigure 2748 a schemhtia illustrationtaf the gesultsrofi labeling thevdata didscks
states ofig rmg{@fnqgéé' S Fi > nodul es. 5 The application executive
137 provides overg]l cog& ﬁ of ..t he ‘%\sst e?ﬁoo, i,ncl udi ng, the remaini n%
modul es. The appl PP SRR AZe dlyeitations 3 GyRamic da@saRtwoRk & azIous gages of
conmuni cat i ocomstractiore user, for receiving user conmands and data. Through
a suitable user interface, the application executive 137 allows the user to

i nput docunents into the sy ] or other source,
to create 10 tenplates for P &éﬁwq}“defi nition
' A ) '.

executi vegg 2l oss further input docunments with defined
tenpl ates w tT Il on, executjve 135. System Operation |. Overall

Process Flow 15 Rg oW 40 Eigurs ol therp ig ShowR 3 spstemcior using the gpproved
aut omat i cal | autematit epagegregistratiort sgstemnofitthe prebénti inventish.cWIha ystem 100

transl ation, ; r %mﬁé ' : |

fromthe doc Jﬁrrgﬂ?wuglcﬁg ggt{)g{ﬂ%ﬁg?agq%%?%ﬁ%f#y @ﬁg&%%ﬁﬁ géc Efgs

two basic pr§Eanedsdogyraents and, page registration templates, ap, inpup deyice Migand) an

form and2appugpuigdetiee 1 Hifurxeerivingand oytputtihg-cormmand$ and aatalinto ithe systein

extract data phoehg h haldressable memory 113 for storing the various code modules for
execution by a processor 111. The system 100 includes a scanner 115 that is capable
of scanning input documents, and producing either grayscale, black and white, or
color bit map files for the input documents. The scanner 115 preferably has at least

30 50 dpi resolution. The system 100 includes a printer 117 for printing documents,

including scanned documents, or other documents resident in the system 100.

The addressable memory 113 includes a number of code modules that
together comprise an executable application that manages the automatic page
registration method of the present invention. More particularly, the addressable

35 memory 113 includes an application executive 137, a scanner control module 139, a

' definition executive 121, a registration executive 135, a minification module 123, a
skew detection module 125, a deskewing module 127, a data preparation module

129, a labeling module 131, and a template module 133, and an optical character
recognition module 145. The operation of these various modules will be described
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Referring nowto Figure 2, there is shown a flowgraph of the overall nethod
o.f._t_he_pr_esenl_anenti_on__ﬁThe user —d-R-conjunction wWih the system 100
defines 201 a tenplate for-a given form Each tenplate describes the
internal structure of a formby specifying a nunbér of user defined zones
that contain text data to be 25 extracted, and a nunber of bl ocks
|dent|f|edW6/5ml system The tenplate is def i ned by the PETDSYMM| p anong

the system cks he u C create a nunber of tenpl at es
each corre %ﬁﬂ 3p%1r‘ir f’nf‘?ﬁ&‘e PIPCesRet it SHRROTTSAREOF BRBSe
di f ferent tmtmios f'ﬂnepﬁ memoryild3durther iichades primary lmaserbmé&r

g 88 ponz et ﬁ amSands séétﬁaTh a E tm% 48, nﬂh{dhsaref@éah tﬁ} dft&% a:?mhgesxg lv‘é?i?aﬂ@
an e ese are a fe e many different poSsible forns
for which t%ﬂ%ﬁ ?é’?“é@’!m@ R athé °&f‘élgﬁrdl ngly, a formis understood here
to mean &ny typelhef application exenutive| 137 provides overallt condenl efotheasysteny 100,
di'fferent dgichuding thé Qeﬂﬁﬁﬁngnrlﬂo&ﬁﬁé méeae;gglﬁahbﬁ réx@&ﬁﬁ@isﬁb}bﬂﬁeé)fa udes

t | at t h f
hen cel ect BGEARE {0 spihYRg o i POV s data

t enpl at es. 'Fbroughampuéablefusehmta .|t15e ppph&mmgxmﬁvedﬁaﬂom@emr tohe
iser, o Se Socaenp Apteys ﬁf&%‘éﬁ”“iﬂ'@t SRciier 135 &“‘"‘*‘s of SOUITE b Treats
orof er ity Riatie, fo, Rescessing she Tdeciments it petinitp o0, M o

Al t er nati vepgocesahéuuber inpyt dogumentss withe dgbnadetmplatea rfmthhﬂle gegistration

I nclhudi ng dgxeeGtivé 388 M | e reception. Any source of input docunents can be

used t hat p$OSUC§ fOE' gach docunent a bit mapped inmage file.
Alternativ » sed files may be used if suitably converted to bit
mapped i mages. . OverallRrocessBlawcunent is input 205, the selected tenplate

i s appliigd 207 tmetggﬁsteﬁama Plovided 4106 Sﬁﬁkd thetholdefol | atitémiatiadlly fegistesingt he

docurment thg ﬁé&t &lgj l&ﬂ tg elit lula%a{ﬁegh faﬁoﬁééngf}ﬁg@?apggﬁ@ fﬁiﬁée

desires to ex
i denti fies mMmose mrﬁefeﬁwtmeksdaéﬂeﬁmnh ¢ clooumentcusing epticaloeharacter

-
-

gl fSpI age{rﬁniecb Immemw meﬁaes:twbcbahi& rcbBedialcrda®ing) d Gemplatd for?] :
efine e i i e
scanner 115gl O@%ﬁgoﬁﬁ%ﬁ{’ ?{heff %g'&egwqgﬁ?et\%ead‘ ﬁ[m"g ds&gfn 100
is stil20cafed hbfafi exiract date frometheformdef i ned zones. In addition, there
i's no need to plReferrip how fodFigurdzithere isIsho®dl & Abwigraph oPtHeSoverall method

conventi ona Cc C The
appl i cat i onob Wﬁiﬂrﬁ@‘&fﬁéﬁ “?%Su%@“&gﬁ’%ﬁw&&ﬁ‘é“ﬁg@r% i on
executive 183emplate fona gven foem; rBahy tmnlats describes the wemqlé renef130
appl i es thefdmt aépeetfymgcaefummochuie:odemmnwﬂm cohtain tegdanant be

-rltﬁlnge{jata IS St or ég;?l%[&m SU{)SE Ueréeglthal gvgﬁggg%h dl(%%%é?ﬁnigiellghe USE

may cont i nuBYtthe;zelationsbip amang mpyszemdéeﬁamm %Hﬁy“%r‘i#‘n%ﬂeéte any
pr ocessi ng. nlunber Bfrtph'@ﬂaeﬁ)eéacm ¢oreespbiading tong purtichlar Fognr FoB examples the

o, ookl e it 8 il VDL il i1

business response cards, survey questionnaires, facsimiles, business cards,

30 and the like. These are but a few of the many different possible forms for which

templates can be created. Accordingly, a form is understood here to mean any type

of document for which multiple instances containing different data are produced

and used. The creation and definition of the templates is managed by the definition

executive 121.

35 The user then selects 203 a particular template from among a set of defined

" templates. For example, if the user is processing a stack of invoices, the user would
select an appropriate invoice template for such documents.

The user, proceeds to input 205 in the documents into the system 100. This is

preferably done with the scanner 115 and scanner control module 139.
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the definition executive 121 in cooperation with other nodul es during
definition 25 of a tenplate. The definition executive 121 nanages the
operation of the nodules 123-133, invoking each nodule as required, passing
in the necessary inputs to the nodule, and receiving the outputs therefrom
to create the tenplate. Figures 14 through 28 are illustrations of a given
| nput docunemnobdémzenigh t he vari ous stages of tenplate defi ni ROTIS96/05D11

A. I mage Ceneration Tenplate definjtio ins by inputti 301 a formi to
the system 100‘6i ? t&‘ﬁ‘b"féﬂ”a\“?b‘f‘aggﬁgﬁ)&ﬁ‘x t° STGTPURFRSC Indd
user desires Hdrecﬁﬁhcsim:hetmphdn.daﬁayl sowrpe off inptarémxmntsouwsbemsmethat
form For exa

?M‘E. 5'TBe 31 dBRNmeREA bt ind é&%ﬁg@fa@nggta th S%emc;af%l Obdsid

and capture b

cte reco ni
areas, such a@%’%ggpﬁﬁiﬂfﬁﬂtﬂé émmRF ‘B\égﬁ%rrber t he product
descri pti o quant Alsyeachrdbcument manlphttzos ttb& sélected template :srappheﬁ.?ttbethe

formthe user
scanner cont r JRRge 8F e Hothtnt "The apRte Hendhls & Sﬁ“’f‘“%‘éﬁ@"“‘“?* ﬁ%e
operation of &l@kéGSHWEfBe texs data, Flée“?‘?f‘g%l"ef)

resol ution, ampeérformedt hatdmk&calllyheambademfldslﬂ'le)utqantdefmedl bixgpksfe\mn \mlﬂ\h

may be a gfay?}ﬁéeace%wsgaw or Qispf enPiih tﬁ@ﬁmagb tr&?ﬁ)eﬁ??@% figtal form
out puts gr e or |rra e scann ont ro ul §

preferably ﬁ?’rﬁ%&?‘ﬁf Mc&ﬁ%‘gﬁlﬁ tf‘Brmﬁg“éi into; the
system Any sfsemﬂwrdlﬁmwsdxahthe)gmdebhhrreqﬂhngamage msledve;d) thé system5100i is atilll
i xel) 15 congapedt W g ﬂﬁw. e 2is e?%“hﬁﬁ%'ﬁﬁ‘“g.‘%’*‘ﬁfg'*éi"fw
or color pi xel°"e £§5“f‘mé&°ﬁ€§ y\ﬁ?@lﬁ@"ﬁ‘?'&

typically set mienﬁdepninbﬁts deuming stahaving:" The apphcauorbeftlmftemglaeperaxpWe isn

the i mage. 18 f ih@'re ﬁﬂﬁoﬁ&&ﬁ&\,gljgsl al, and if not, then the
pi xel is aSS|dne§

vice versa, as desﬁ’\?ﬂ tﬁ%?'sxn%?ya ores o %&E‘?’o & ety W@Rlﬁseé gﬁ?l

any ot her sourchezact&ryrebegmhpntmodmla hﬁansalsm!;onal maonpr to:@stsan! Zﬂedhedextg

;[(r)razggg B; 33 32?#?%&” < 'tl%‘bdhelﬁg?igd%liﬁf gefndd 2ontde Thas bt is%tdr@&tQQi foﬂéﬁﬁk@hﬁmt
ic |on or_even inmages ca

scanned phot odFYHHE rin g‘i‘élv?’i?éﬁssn e uper may dbntlRi §° an% ‘addflional

M nificati2d Toeuthehtssorimay Gemumte\moqe;amgecel ves the bi tonal i mge file

fromthe scanner c via the application executive 137, or

‘ h mlﬂ#ﬁ%ﬂnﬁf&

mage 1110 to t ho REFPRBRI 1 Higree fhe lh gbwhy @??aev}n“&@*&u#&%%@ of
mi ni ni zes 303, definingademplate, andereferping tg@lm&nmerem shown adatafly dirgram of
resol ution of thBeidfiiMien lexédttiveS121" indbosPeratsid with thér(-‘madhléw abﬁmm

canner s, - @bty BRI ﬁ%@%ﬁ%&“&‘%ﬁﬁﬁq’é Eﬁ midfpet %*ﬁ‘)%gé&f 5 e Bules,

dpi) which i s 123d83 inveking eehe Fesh PRSFING dny %na@&arxrmputstothe
recogni tion. Has@ukl anal’ue&eivmgelth@buqﬁﬁﬂlthéneﬁbm %o erente ehe aemyiplave.C Righres ddd

demands. on trérmry é‘ﬁ?ﬁ &‘m@éﬁﬁ?éﬁﬁ?‘;%‘&a‘éﬁﬁ AR e Vs stages
per f or mance. rigen.
30 A. Image Generation
Template definition begins by inputting 301 a form into the system 100 which
is an exemplar of a type of document from which the user desires to capture
selected data in specific areas or zones on the form. For example, the user may
desire to create a template of an invoice, and capture by optical character recognition
35 text data in specific areas, such as the customer name, address, the invoice number,
the product description, quantity, and price, and the total amount.
To input 301 the form the user preferably uses the scanner 115 in conjunction
with the scanner control module 139. The scanner control module 139 controls the
operation of the scanner 115, for example, to set brightness, contrast, resolution, and
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nmodul e 123 thus detects the original source resolution and conputes a scale
or—subsanpling factor for the image__ln the preferred enbodi ment, the input

i mage scaled to approximately 50 dpi 30 fromthe source resolution, and an
appropriate scale factor is conputed for this result For exanple, if an

I mage that has an original resolution of 200 dpi, the scale factor is 4,
and the resWA93@6Mubsanpl-ed i nage will be 25% of the size RIT/USIOHI) g| nal

{actor Yﬁeéﬁ(ﬁﬂfﬁ%gﬁﬁ@hﬁbﬁ ?#%&W‘&@eﬁs@%ﬁvﬁﬁ% Bind], o

preferably aﬁ"“’ﬁ&gfems amr 15 putputs grayseale pr cqlop images; the snanper
| mage size i &ouﬁol‘mbdune 13tppreferablyeperfdrniycthiehoRIIAE to pRetce 2bitbrthl image for

devel oprent “%%F‘?‘*“f el errZGA%%gng%{%(@ﬁ%hgd {408 PP snd dmy obtaing
uses a dec? mRitopal imege esenfiplly cany mwposwm er Memase (i & or 24:cbits per
dr opped of f fpixaft) isheortvertidntd 1bimper-pixel by deterntinbnifod igheen/ graysédle G Scolor

[he next 6 bELLeice o &bﬁe@d“’*‘?‘ﬁ% "‘ﬁ‘ﬁ’gjﬁm bt ﬁ%ézféﬁ?ggﬁ?%ﬁé“f"z
b | ed umgep SO (] ue 1s
fﬁriﬁgﬁoﬁt :oraesigﬁed ag,hﬁdﬂﬁnmmma ixel'is assigrddrd 0. KX N&lﬂvﬂnﬁ(‘cﬂg:ﬁz el

iﬂi‘gﬁéf?n.‘t.%ﬂ gixsl i e ve@ﬁe"ff a&s@@%é‘# %%ﬁ%a?héﬁ adliantls oo

i dentify 305 §éWc@* PaRsepscmays be iapnt intanthengystem nife anﬂhpmdeased
det ect i on nodoterdirbtonthecpresentt inventicry e Stk W&dﬁ@ﬁtﬁhmémgsybgﬁﬁm@d

embodi nent . Lok SE @ﬁeﬁﬂdﬁf@% S ek bR G oo geppned

bet ween [err]P represents a perfect horizontal and
vertical i gnnent of " ifiesgtigfent on t he scanner 115. Figures 5a and

5b are a graphl ca 1 ! t | ned
mge 00 w111 oy & et 35 9‘* ?fﬁ%ﬁﬁéﬁéﬁﬁ{ﬁ@oﬁﬁeﬁs ARG
skew. The [i fenip FBEi ule 339 |‘§ cﬁnman%@amw 137, proforme anbfothwsource
bl ocks 503, hehdefimitionnexerutiveol2] passes ﬁwbﬁt&nﬂf imagelfile t0 e PiiAsRAtion"

the inmage MingifuleT29° TH %ﬁ%&%ﬁ@% i -,c;fzgggéag oA ¥bbaiibred thé Hifht
02055 o iags bocks Sscmpoltin 6 e o s g serion e
of a connect dowertresdlutionc keorsé Osuitable topfarads pi‘&casﬂlgaaﬁae te défixﬁtxon

det er mi ned bd&%ﬁn{aﬁmssdahﬂ&sa dd@ab%aﬁm}tﬁ's t}d}ﬁéﬁip@ﬁt LS mﬁgégﬁ

| eft edge of ,th T 'S cess | each connec

set of gl ockdeas ﬁ &9 ﬁ@g qﬁ'ﬁb Hﬁgfiﬁ? ee%PgalTli’ accugate, ptica)h character

such set of ecegognitiord waeker,&his leremferesolmionristqmmEeSshq tondreatelafid ddfizie

angl es F 78 € t&HBRte fdriforihs! i Rirtnét, HABGbEs' Stird ARERNGL L ity
then all of th r'?g i ndi vi dual .are aver?% %O ce_a SkKew

“angle for th@ng Jas 66‘1“15?'3?@5 Ht‘ﬁ\ﬂa perto ce. minification

(cl ock/ count srasdule (323 sthus dutects rthag)rig:nﬂl spurce @esalutiom and edmputes £ scalgrorph

of the pref esabsdniplingofd cm‘rfaqugﬁeg tion by the skew detection nodul e 125.

The skew det ectlﬂaﬁwfﬁgrforw&el ru Jen thal%got%ta@prr]gn%patélg%o dpl

subsanpl ed p| xel

the source resolutlon, and an appropriate scale factor is computed for this

result. For example, if an image that has an original resolution of 200 dpi, the scale
factor is 4, and the resulting subsampled image will be 25% of the size of the
original image. Where the source resolution is not a multiple of 50 dpi, a scale
factor is chosen to result in a resolution closest to 50 dpi, and preferably an image

35 size equal to or less than 64kb. The limitation on image size is useful to improve
overall performance, and to avoid limitations induced by the existing x86
architecture and supporting development tools. The preferred embodiment of the
minification module 123 uses a decimation technique where a proportionate
number of pixels are dropped off from the original image during the subsampling

j
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30 buffer 141 to produce the snoothed bl ocks. This is done by calling a
snoot hi ng nodul e 801 (Figure 8). The snoot hing nodul e 801 applies a general
runl engt h snmoot hi ng operation on unset (white) pixels in the input inmage
using an input runlength paraneter, converting the unset pixels to set
(black) pixels. In the preferred enbodi ment, the snmoothing at this point is
performed wwesar®lengt h 35 val ue of 5, V\/m ch is based on M }red

o e ot ner PSSy P exameler B the bﬁ‘ﬁq’ﬁmyé? ks gt%f#‘fz B by B st e
par am&*;e][]c i snexte6ilitscare gmrsﬁnom fee ule 423 autputs; the W‘?mﬂ’edh
i mage buff er jphdde inSthe imh3@ bufRy Tl €THe idin IIQEMWMMg
cach bit to P 'ﬁ!&%‘?ﬁ‘c“%% i ”’%Wﬁ%ﬁ%‘gé of "addi tional

i nformati & about eactCSkem DetegliaRas a uni que identification val ue, and
i nformation aSSOCOﬁEé fee ihe Pglfﬂ@is W&G&,mdﬁnxwmm acnvates

|dent|fy|ng I ndiyvi
bl ock identi ecﬁlf%ﬂ tﬁgtf@t er | n rrat | OH expag%cpdéggc to a tlonal
bytes may beinpaidimage:h Toe ekew deteetion module 125 acresses the)image by B 41 go

store the bl gpkaih bt subsagipled iniigécoutpud rb xhirnhmiﬁaitidir nidtule M23t hinghe

D epr Wind t%ﬁsgﬁi'g@@%“ﬁ%%aﬁﬂﬁﬁe%r ’1*”3*%#‘%9999&992%‘9?3 no

presence of b&t‘&et{w\ml!°eapdxt69° where @} repressnys hogizental b?‘! vegtical
stored  as alignmest of e ip ut\&bi:ﬂmehﬁbﬁ]thi&anner nihe skew detection nodul e
125 then call s 60 [ d t |

i mage into bl ocksééﬂ%%%lgﬁét% Eh%hi%i‘éﬁ\%tr}% *EQE?? c@é{h&r{‘ er i5.
descri bed belfo#canned image| 5099wnlbdm ud &31%@#1##’3 i301 that presentsifomg degreerqfym
t he pi xel 15laisRewaThé Uhe hﬂrtei:ldSOlt isf smsoth&dhres&l inco mumbier coflliertc blocks 563

bl ks t
S e s G oek, Ao S
connect ed bl dowagerkloeks @%Wnﬁ&%‘ﬁ "@Eﬁiﬁnn‘mrﬂ‘ﬁ@r e’Nﬁﬁd Fa'cﬂmhh%s Bk s
i n the i mage shadings ahd thé likde tContiedtedblotie meuralxﬂemtiﬂad oAntilreginrry dine 505

overall ?LLéeeﬂ"z e gt i ind figni 4@5 EEtb i oe Bldcks 503 Bikomputed 1
overal | sR@wangsa w P“81%§k§ i e%/V‘* ﬁf%?ﬂﬁ?’ftﬁﬁ?mﬁnwy
bi g bl ocks giexteriding Ifmrgeheﬂefwedgbldsthehdodescsﬂaglmstprecshewrmm fomeach

][mdu'he 1%? f'éghﬁé%er& t m%e aﬁgtassuéevk Q'Felg%ﬁ:kiﬂté@duﬂﬁ%
or hei rior eLr.s

preferrgd enth'&iQAﬁE’n?fc w@é&ﬂp&t tl‘&hﬁ%{ﬂjm‘é‘”ﬂé’? ? gl glfﬁ %ﬁ le\s,;mFth
a hei ght greadrersublstmtxanypﬂmeﬂameimhthlm(ﬂphcmdalaagetdiamlexmeschm

bl ocks wi b ahgled FoarBiavelagedd auéébsk@ﬁ&ﬂgn@fbr%enmghmo

Again, the fi ter amat.er are resol ution of the subsanpl ed
i mge, and wcﬁ]?ﬁg chf?g QSFPP K 20| utions. Fromthe

remai ni ng bl ocks, Rdhrmg@@gﬂaaﬁgthm@hgmaagewmmo thepreferrad method,of
onl'y bl ocks vigel de t@@ﬁ&is &h@%ﬁ@ﬁ@dﬁﬂ:ﬁbﬁ&ﬁ&dﬂwmﬁs Theaskewr détectio modsde1l5

The blocks t hat erforms %8{ runleng Igth ts%rtoeoqh&m oﬁrtﬁevﬂﬂsgmgl&f Qxel data in the image
30 buffer 141 to produce the smoothed blocks. This is done by calling a smoothing
module 801 (Figure 8). The smoothing module 801 applies a general runlength
smoothing operation on unset (white) pixels in the input image using an input
runlength parameter, converting the unset pixels to set (black) pixels. In the
preferred embodiment, the smoothing at this point is performed with runlength
35 value of 5, which is based on the preferred resolution of the image (50 dpi), and
typical font sizes in text documents. Where other resolutions are used in the
system, a different runlength parameter is specified. The smoothed image is
maintained in the primary image buffer 141.



The skew detection nodul e 125 then determ nes 609 fromthe renai ni ng bl ocks
t he—skew angle-Fand direction of skewfor each set of connected blocks, as__

descri bed above. The imaginary line is preferably conputed from center (| n

the y- axis) of the left edge of the block to the center of the right edge.
In oneﬁeferred enbodi nrent the skew angle is [err] where AX is the

d| fference MAN ¢ he x- axi s COOI’dI nates of the center of RCTUSEAPILNJ

ht ed f ot be en the y-axis
Coor i nates. of Mé@’d Ftion Shbdule 125 Rtk B eigh HiE TepmaSentinty cain
taken from t Rixel pthedmagestosa wasd(2 bytes) hﬁxz@mgambwmsaaﬁwkxepamm
QXt![S t he ﬂltallewerfoe seorage cof id&inbnil?(ixﬁoﬁﬁﬂﬁ&h fibbﬁﬁegél} 1 Q&Hbs§ta utl
ottomri e e differ.anc ewe
yoas cog et @ﬁtﬁé@ﬁﬁ%ﬁ“ﬁﬁsﬁ%ﬁw‘g Latia g el
determ ned a A dknee
of tlhe Cilo uwemdﬂchactmmsf on meihm nf taaaaiﬁcﬁﬁl fbyte%q&m be
i xel s n e e
Eet ween t he ES t om ?‘;ﬁgacﬁrrgr%tu%qxggnggl Lkgﬁggﬁ?i'éﬁbgﬁé h@’ ﬁ&’c’f‘
pi xel col unm? c?ﬁ“’ﬁoY Hes. orFarexamplee piten thensmaathing Dpetahoputxédhe pixel
elininate thmdxmm rtidre sueln gé 41511101 0000600, Wihé 'P%g?éséﬁﬁuﬁﬁ :@ymic@%f

Lont oo o8t e BT S prébenfy SFERRRCE Sald (i i e e

have [err] vﬁ?‘Hé?%ﬂPmd@ﬂﬁhth bit ande ofstoredr agas[era] @ xeby)te( aswmaridg
50 dpi mageuomoeouognmoenwomoooaoouomm 00D000DB0B0RGG019! t he | magi nary i ne

which will is th
The first pi gg! - go dt?grr(r)l WEE’E@NTB@@%JM} saﬂ‘éf@h@@h@@@%
whil e traver 8@ oRhe bl ock constltut es the

begi nni ndSof the Thmgkmrdetéctﬁm flodude d25 hhe:\ 2alls 803 the 1abdliy BRIGAM3] to

1L O G b e TR S
T = pr ovess L) S P R, T e ot B sl
The skew det blocks fromothe pixeP datas ahd rfarther sdentifies @ach settof doﬁn@ﬁ&ﬂflﬂoéﬂsaihatthe

h L fi
'Czﬁgins:;;“ﬁm B dte e B9 d&‘i%‘f@*i’%@%ﬁ’%?%ﬁ?@%l aé*s@%cﬁ%@ 19
whet her t g a urique, idenyi PB%?WQ‘-’& uch that all cenpested blozks baye a
| ow nunber ofhegsamhe fdesttifiratioh uinsberot pred| cative of the skew of the whole

i mage. Accordi nglnyg tm(;flﬂléb @g{ﬁ/ ‘&Bﬂlfgk%s

617 the inage ﬁ_lke.woan ot h e&rj @ﬁ‘gﬁﬂ%ﬁw

modul e 125 tMeHe ‘@ffs’t gi: ﬁﬁ%ﬁ%ﬁ% gmellicr e laras, withcrespec da

nunber of sethe averalbimage side tératheat tol dorlhhbwterugrhﬁcan m thajaﬁtudl ywerall skew.

pr ef er abl2g asmhnélﬂbcﬂé%oﬁ&e tdé?y 5§18 |skOW iRES gﬁf’e ?ﬁ

then this orw '?Iéﬁ'aaé‘st e O‘ilem?‘ts‘k‘ga}‘é entlr rrage e

skew det ect i ¥ I‘?&% fers, j0%gut bloeks,

615 t he i ndi atedoutside ofvpaedgtermifiedfranges fad height aniiswidthe psioevtodchéteﬁhirﬁﬂg

[mdui e 125 dﬂi‘eﬁrﬂkd%f%n Blel. Vieitep remged GRHR AR, O Rew %e‘te&icg@

err SO, Q e s fi sal
be corr egh I y lgélgnnedﬁ‘g?lg W%\ﬁ?gﬁ{ %“'?Lﬁ’ {:ﬂ&a@ﬂ yﬁ@“hﬁ‘?ﬁ’él‘b’“ X
ixels, or blocks with a height less than 6 pixels and a width less than 25 pixels.
Agam the filter parameters are based on the resolution of the subsampled image,
and would be adapted according to other resolutions. From the remaining blocks,
the average height and average width is determined, and only blocks with
dimensions exceeding these values are further processed. The blocks that are not
35 filtered out are valid blocks.
The skew detection module 125 then determines 609 from the remaining

blocks the skew angle F and direction of skew for each set of connected blocks, as
described above. The imaginary line is preferably computed from center (in the y-
axis) of the left edge of the block to the center of the right edge.
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to be successfully identified and processed. In this case, the skew

detecti on nodul e 10 125 sets 617 the inage skew angle F to [err].

O herwise, if the inage skew angle Fis within the boundary conditions, the
skew det ecti on nodul e 125 returns that value. This is shown in Figure 4 as
returning the detected skew angle. D. Deskew ng 5 Referring again to
Figure 3, wiwbhmsotet ected skew angl e, the definition execBETAWEI6NINI1

det erm nes 307 whet her or not to deskew the image. In th greferred

embodi nent, the ddhione preferved embiodiment, theskewhanrglads Taw (A¥/ X where AXnis
| mge skew amgd @ifieteri@ bbtweén HRSEakis @Bokdiidtes ofthetdehter Dfthe 1mmnght edgesw

does not i rrpa tr t 0

| f the i mage® &‘&f‘ﬁ?@ %‘g?c@‘gdéﬂfr@%m%méﬂﬁeim |c8hpde'§%% %&

i nvokes the deskeln p alethdte embodimentdhe imaginary ding is kaken framthe efepa%ﬁﬁ tohe
ori gi nal 'sm%ubﬁp he corrierd 6f ¥ biogk)lald @@ ACis tlfeadhffé[-exﬁat&twea\ thee-axis

desk dul e, 107 bothth d
he. subsanp) SHOTHANES G dIE HE 1,8 %e#%*‘%g* TRy o B bIbE Aind wY°is
di recti on opplifference betwesin: thect-axigicaerd inatesof eGﬁ"T"@Fﬁel dn, this emhediment, e
skew angl e F.qq ratdreraet&nnﬁéacusmow NBorc eacte pixeb eolunie chithinute. blbckuthe

14 | f t |
e 1 ko oy i AR g ol oo i
deskewed. 120 The coordinates of 3he colamn b?ﬂQEeﬂfelﬁP}Wed 'Iil?nég elyepengthen
to Figure.3, gouentof the éxh‘iéh liéolivRinlahd thecbotbes of kte fextigixelcolumpyeACis

th li cat t 3 f,

the user ¢ r GHe ot gAch BiafL ﬁﬂ%“"?" At é@@ﬁ@rﬁsﬁ%ﬁrﬁ"ﬁ\%ﬁ gkémﬁl
execut i ve 137rforstthat mlgbtlbﬁeyltao@mﬁehhtbﬂé?"%éﬁeﬁﬂe’éﬁ%’Fr‘guﬁské‘ oél angds
Wi th which tf&s&@ﬂex&ﬂeg ¢ aThy avérage AC3 ¥dluelis thaetaldafﬂonetﬂe entirssblotki s

ol ygon Sﬁaa[%%' {pits %ﬁﬁf ﬁﬁﬁ i@vﬂﬁ%“&f#’“ et véfige serﬂeﬂ*e‘ﬁe
i ndi-vi dual ar(essuming 59dgl imageh P#ﬁ@of |eﬁ g?rﬁ‘l‘?’é??
7a il ustrat eghithewikBaRised b detemminalthe skewranght ermar,s th@B’AGtesM’n@'ha ﬁrst

i i e B el BB il s

703 is al so sﬁmthe\mﬂeitspmyso ﬁ§ fongiiiytes
defined zogesanidihe %sgﬁ:gheolw Wmmﬁsmmmmammasnm the @themend: s

Che. caor ai nat ok nBiHhep sk Jib BRIl crigpared (37 AUcR vall Eosl AR oritlion,

where the 35 (diesstion of rofation, ?%Wéﬁt‘%?fﬁ?eéla d ﬁb‘i‘&n gﬁv@%ﬁgﬁ’ user

defined zones, t heTlwoskew datectionimedule 125performs\a amns ofctests o emsure tha the

T epar at 'sgg fﬁﬁ&é% Hi ﬁgag&aa{@grfbﬂtu chion! %ﬁddﬁdg‘r)' ﬁﬂf%‘r‘ﬁﬁ%& i(%mim

the subsar® egnmgensa bg el'he ) ect:on modudié d 1
whether the total number of valxd blocks is less than or equal to 2. Such a low
number of qualified blocks is not predicative of the skew of the whole image.
Accordingly, if this is the case, the skew detection module 125 sets 617 the image
skew angle F at 0°.

30 Otherwise, the skew detection module 125 then determines 613 the
orientation that is held by the largest number of sets of connected blocks. If this
number is a majority, preferably at least 75%, of the total number of sets of
connected blocks, then this orientation is taken as the orientation of the entire
image. The skew detection module 125 computes the image skew angle F by

35 averaging 615 the individual skew angles F of the valid blocks.

' The skew detection module 125 determines 619 whether the image skew
angle F is greater than 160°1. If so, then the document may be severely misaligned,
and unlikely to be correctly scanned or otherwise captured, and thereby are unlikely
to be successfully identified and processed. In this case, the skew detection module
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i mage to filter out unnecessary or insignificant elenments in the inage.
This includes snoothing, vertical and horjizontal line renoval, and

formation of blocks. The data preparation nodul e 129 produces an inmage with
snoot hed bl ocks ready for |abeling by the |abeling nodule 131. Referring to
Figure 8, there is shown a 5 dataflow di agram of the underlying nodul es of
t he data prwP#6Ebn nodul e 129. The data preparati on noduPETASASHYI udes

805, “and a CUARETL S AR S nEiE toko P Ottermies, €30 Tinge okPw anele o

f 1 owgr aph ofwithm d;eabmndarydonﬂitmrﬁaﬂm qkes\pdem:hom moatiile d25 28turhs thatevalue.

figure, text Y h%h% dotectdP sk current status of
the processed I mage oye tﬁe corhecti ng ar?owsaf’l‘gl icates that the
image is in the pri m&ﬁg;%ffer 141; text bel ow the connecting arrows
i ndi cat esSt hat t [Referringe again to tﬁgueetowwhr;hel dugeteﬂwﬂiew ahgle, theldefirition

provi ded in é)&%uﬁ%n?ﬁfd&&hr & ngjid@htthé’ refbrifd

15 h@%

text has been |fy ahéh oW ng at t
gi ven stage ﬂ?‘l’ﬁs’&%'gshﬁgde%%‘ ec‘ﬁé‘%oié‘l 38?3 Fﬁtrﬁi‘isgﬂ”a CalToRBF ¢ Eeﬂ“age
Li nes The daalemangbrlatequnl on&sbehwgﬂlawﬁusmﬂammm&lslgmdded aoiBﬁﬂpacm
snoot h 901 t withRi3bBde g es the accuracy of the

oot hi ngdi n o i?ﬁ%@enwe?x"”e ottty S AR R L s the

During scanndeskewing meachile é.ﬁZatnoHdskewﬁﬂﬂ thwith ithen ssbsampiedi endrthe k)nga;al timage
di sjoi nted | pdck 1 4'HE NoriZbntill QA Vertich orfRAltitiohS The deskewiy mdduid 17 ¥ dﬁe

variations in ht ness contr st~ scanni ng.tec p orient ation o
document and ?tﬁh'% gm g& "?’Pe meﬂ%E’E &nd

renove at t hmﬂgmbuifemmdl rosatag themy in Ithe |direction ruppasuertcd ther determined skewy,
a form ngyg C&ﬁé&idih edas RO thtid: $ing &on '&bﬂl
are also dif ult td renove. Accordl%lgly, to |rtllcr(et;se t he ‘éllcc rac;f&%!? t he
|l i ne renoval “8 803, it is desirable to cause such broken, dashed, or
dotted lines to fEigurebhis am examplenefan Thput dmummtbgrthasabeemmmmg intedal e

801. The Sm)ﬁt&'l{lgx ifite 3RY 5dbsa Eédtcﬁﬂgd]ﬂal—"@ﬁﬂeanﬁﬂl %PE %igd)land then

parameter, ndg‘qt again on the resol ution ‘of e subsafpled i nmage, that
wi |l cause s di sj oi nt ed I|nes to be connected by set pixels. In the
pref er r e®Oenbodi ment , E.lSelection ofk ned-Zones s set to a maxi mum of 5,
gijvent t gef prefer rl@@fefﬁ’ﬁ t rtooi'-'n ed@l thé [@RfinIIOIe Ukebutive 61'21!; foﬁlaé% dhee
adj usted for 1.0 nve e Qr

o te pi xel sd%%{‘? t(?eabef %FE%WS} Sxpbitnl N7, 4R Buher phbserts the
dotted, dashdeskew maa¢ toj thes usen &r@ushm&@yablmesgremrfase display. | The

o nl © pgt h va&w:&aﬁbhm&s 137 fidtier(stoRidedta &&arteﬁabﬁaltﬁed;fld}atfgg-ﬁke tsels h
i1l ust r at [ on ?hl&ﬁﬁrgq{g&g?ﬁtgﬁg t’ﬂ& cr%ahe ?ﬁ\(/j\nth(r%g ‘?#&geriﬁ)o 'ng ﬁgne
t he snoot hi nQY ing wlapn_rppna e ﬁ@msatog Z éﬁl*b q:eatlon
i nvokes t he tdoljcaridcappiyingritciol the Heskéwed afngetdSeedtahe mﬁb&iuall laf€23 or'zones
smoot hed | Maggafrlidll the tfesitBl ext HfohfiatibhsS Rhure 7a illustrates one example of a
suitable user interface 705, showing a deskewed document 700. Figure 7b illustrates
30 the same document now including a number of user defined zones 701. A palette
of drawing tools 703 is also shown, with various graphical tools for selecting the
user defined zones 701. Once the user defines a number of zones, the coordinates
of the boundary of each of user defined zone is stored, preferably using the
coordinates of an upper left hand corner, and a lower right hand corner where the
35 user defined zone is a rectangle. For general polygonal user defined zones, the

coordinates of each vertex may also be stored.
E. Data Preparation

Referring again to Figure 3, the definition executive 121 then invokes 313 the
data preparation module 129 to perform a number of tasks on the subsampled
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horizontal |ine renoval .903 on the inmage of Figure 15. The |ine renoval
nmodul e 803 scans the image buffer to identify set (black) pixels with a
ruilength of at least 5 15. This identifies a potential |ine segment. The
|l ine renoval nodul e 803 then checks the second |ine above the potenti al
line segment to determine either if this |ine segment has a series of unset
pi xel s for twessazsirunl ength as the potential |ine segnent PCHUS0S0M| vel vy
the line removal nodyl.e 803 nay determ ne the, hunber tranSJt|ons from %‘ﬁt
to unset, or JABe;ta Hltes;ouf upNecessATy OB HPUERIAAINL clemenrs i th gmage. 1his
pr edet er m nednoiwdesrsinoothingavernticaloard horizenigl line removaly and. fotmatits of blocks.

f or egoi ng CO“ﬂ{JHQ%Eebﬁﬁﬂ-ﬁﬁ&h&& 1B dbs ah iffag8 yHith sfootd BiRs Hady’®
i o} | K
rot et e e e e
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a maxi mum heigil gle, gjmﬁamfaﬁ' odule 190MinRiudel £RBH{H:A g;::aﬁre kovea
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|1 ne se
803 t hen rencea®vahamodule ég?ré'ﬂf‘tbF‘Eﬁ%l %E%P B‘P‘??h‘?‘g ?’}éﬁ‘
unset pixels. Rél’erﬁng)rtocmgare 9 thepeds shodmoanfidvegraph off thdwepenmya obthehdata

bot t Th w f
Tﬁe g?em f?créé%%drd&glfﬂ‘ Eﬁé anghﬁﬁg%ggﬁﬁﬁbﬁ‘é}?ﬁgﬁ{i eﬁege‘g%Z%&;ﬁ@ﬁ%

r esol ut i orl0of curFRnt;staiys of
nodul e 807 coihat tesinage isinghs pmmryamagagmfﬂeuﬂihrtexﬂbrelqwlhecoﬂmmngwtmes

807 i's invokeg ipids %a? qnﬂagab%?feﬁué' %k@ﬁﬁpg%vlaéam
d 905 t t al I

Gonbi nat i on ?&eﬁ%ﬁsyr%mwﬁfe&m'a” Beil, 1 acdiiory e 14AE ek HEER Tntsled to

The 25 conbi identifyna wmglmemmemmmmugﬁoﬂmoml | i nes

to conbinggt he demz O RbElontal B Wektical Tangso0t hed | mage wi t hout

' hes " gure 17 SHiRdalh BrepaTetipn mofalsr 129 dennetfe: HARMIRE AN 01 to

lines. Figure 17 s
hori zont al | i smeoth80lctherdeskewid nmagen Sufoothing increases the Beqguracy ofthesemoval

After hori Zonwgohh&ﬁaf (2 Thelshftodifin OBRR! 801 PEfORAL FanlbABH hBBINE in
907 the deskewe

out hot 1 zo .aI ne rrral
procedure of G%"ﬁ’é or. HSING 3 It rﬁgge é@}dm %gn{un&,
of the infe aadlcahanddmmmﬂ lites mgtncumnt rpm@s&mpmtsdm at QUMBET

accuracy duri Eﬁbt er&mmriewa frbin Weridtionk if )S/coﬂ’itﬁéf Iseaammg
e

S o R ot 50 S0 5 G e

oper ati on.
i mage may be difficultetd identify rergue (a6 the dine remewal stage by, the J emenwal

are renoved, hhfehﬂemrsimnbﬂyesmnmysmmmtesk dénsrcated by dasiesd ot dotted

deskewed ge. is er L. |

forate | m. figet Wk m inadlS b Pﬂ% Webrifiglyy Fﬁ‘@f’ %Wﬁc of
be removed by thaline removalmodule f0a,itds desirable-tocause such, Rrneny d, or doftéd
nor mal i zat i onliaesltd forad emo&hmedesmmamyy thé siRbgthing fribdule80Liat a

preparation nodul egﬂgrg%{gg, i E‘S{ﬁmﬁ | 1ﬂ9 rﬁmigh\ Afarh

nornal i zed deskewe or.l zo t F| ur 5 WS the
results of sne€PERN tg\ggu“qg ytion; gsg&sanmlgq ré?ﬁﬁ i]h ause such

30 dls]omted lines to be connected by set pixels. In the preferred embodiment, the
runlength parameter is set to a maximum of 5, given the preferred resolution of 50
dpi; the runlength parameter would be adjusted for other resolutions. This
converts any sequence of 5 or less white pixels into a sequence of black pixels. This
pass will connect dotted, dashed or similar lines into continuous line segments. A

35 low runlength value further aids in not deleting the dots used in letters such as “i"
and “j”, or the crosses on “t”, “f” and others.

Figure 15 is an illustration of the image of Figure 14, following runlength
smoothing by the smoothing module 801.
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nodul e 803 then renopves 913 the vertical |ines, which are now hori zont al
lines in the rotated i mage. Figure_20 shows the results of renpving 913

horizontal (vertical in the unrotated inmage) lines in Figure 19. After the
vertical lines are renoved 913, the image is stored in the primary 10

i mge buffer 141, separately fromthe rotated, nornalized, deskewed inmage
wi t hout hor WOR6B2911 i nes in the secondary inage buffer 143 PoTASS0IRY from
step 909. The CO% tion nodule 807 |s_.th n called to conbine 915 the
rotated deskewed aét‘\/\!”feﬁéfﬁ tign,my 9 %VPW%I@WWQMMWmhe
snoot hed i rrageremova)ws horizowtal lines inl smesthetidrragps OBigure 36 3howsahe desults of

deskewed i mag '}QH&QI@ I the 3m4 J.é fs he
el bt A e B
deskewed, 5r 015.t &his rideptifiest & qaoteritiali lensepment. VThé linel removat mddisie B03ethehn

whi‘ch the wh

svv= fchedevvl téﬂﬁ?ﬁg the \é%d:ig%l%iﬁg‘él ?‘%g?%@%;:gﬁ;?;ﬁm ?d&%ﬁﬁ%u zon'?l'ul's
and verti cal ﬁ%@“ ngiin ascthe

917 the conbsegmentraddtetnatively the hnerrengal nmfdtﬂetSGBImmy deétermiiné ahe number

br epar at i on¢Easltibng 4For 9 T risEe or ek SBUFS thif Yalue to
et eted s e
primry i mage 25 Kdhé &regdlng déngm(makis satisfied ttl\mmsli\dmateé thi@tqied‘@ ofohie

the image of eﬁﬁﬁ?hﬂés E tﬂ #ﬁﬁﬂté%f&gnﬁﬂﬂ E;l{

t | t pd
the data pr 'eﬁﬁ 3 S%Eq?mentommaﬁ? She botersof Hha petmtiah line
subsequent | ysemtdeh'edus cnamtdnethe ppterstial \lirtecseghienlt| cankisavieya infteximaiie (height
nodul e 135 dhs dikalsksif Hoth ot thiesh @&Jaﬁbﬁ?}ﬁﬁ tt@e?%p%eﬂtﬁpm%gﬁe tis 2
S oo Sl 1536 SBEmaRe e ol ool ok B4 ey b b s g
noot hi ng 92 |

\S;elrlt i cial :I i nbdx Chgrnglk)lf aihobtl;e ﬂq&mbm pn;celh ?‘himphmagtis gz;;w%tgf:mtdmt
W pr oducetdprbfl ¢h ﬁnﬁ to th@ d?l‘k'ouﬁxeoi-é&ﬁtﬁ} Ha i nd
mbodi ment, £ t 92 & VAl
of about 80 I Sﬁl‘fﬁpﬂi < shesific,pamber o s ap F%qxa hi;agalp s AERendants g
or |ess [#0xepn the msgmﬁﬁﬂmemagemcbmycai)md adomlmglyl l ed Wi t h bI ack
135, Figurorgp sheetpiasion Hefule 07 bines i fbfes I the fer g1,
14 SmootnH 3?‘%“%4% Eméﬁfwﬁé# B @\ﬁé’%ﬂ%@rﬁ 3??%5\ 134, 8t e

resul ting fremeval toproduenhp ansmasewvxshbpﬁuvemcahmctbomqmayhnaagmawd er

|1:43 Fi gureTeénﬂiﬁm:t Bedores by tlegieally ANDH fﬁdmsmmae%otﬁ%u?m e ;rhe t
oo o L oA TR, L4 P i @ B
hori zont al | ythenBeskested hitgnal imagewith fhe ymoothes bnage withput mcmi lines.
vertical |y sThistfeedlts ingedéskewed withput WegieoRtal 1@es.14 Figlire 170sHUWLan
ggfat glggtcgernmufahsm@aaa&m R RithOde ndiikohRf REES hefCHR HrfbiRatSh off
Figure 14 and Figure 16.
30 After horizontal line removal, the data preparation module 129 normalizes

907 the deskewed image without horizontal lines. Normalization is the procedure
of drawing temporary horizontal lines (1 pixel wide) at the top of the image and the
bottom of the image. This procedure is done to improve accuracy during removal
of the vertical lines in the image by clearing demarcating the top and bottom of the
35 image during the smoothing operation. Without the temporary lines, during
smoothing, parts of the image may be smoothed across the page boundary. After

the vertical lines are removed, the temporary lines are also removed.
Once normalized, the deskewed image is rotated 90°. This rotation is
performed 909 by the rotate image module 805, and is done so that the vertical lines
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in the image. Figure 25 shows the conbined results of horizontal and
vertical 10 snoothing to produce_data bl ocks, here_the conbination of
Figure 23 and Figure 24 (following rotation). In sone instances there may
be sone snmall gaps in the output which may have to be snpothed further.
Further snoothing 927 of the resultant data is perforned with a runlength
val ue of 3 pwoekmsesi hereby elimnating these residual 15 epeTrosssnsoiThe
resultant image is stored in the primary i mage buffer 141,  and contains the
bl ocks ready may be gemwovedgbyythendinearemovl mesdnle 803 Frigure 18 shawssthee

resul ts of smﬁﬁm&ezna%ﬁhbmdmedeﬂm@aah@ gorei17. Figure 25. G
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pi xel - connnecimage; of ﬁ&gﬁr?é’ Wé@hﬂm%sliev’%‘etf@ !4%3 image) of Figare18¢

i s connected therdbys |dwk¢wsd=,l rotatéd dimage Iwithditchoriavhtali orevertical lines.
col lectivel y 41 '6};&{# lfiﬁh thR tJérﬁbﬁl'aﬂ&l?- Brizbftal %@Etc'aﬂrb@ieﬁo&é/&e
of bl ock. For eac ock at orne varlous, eatures are extracted
in order to d™a3¥Mbefwitched am{%l“&ék‘é“ B%ngi ng to one of the

bl ock type®. Bl ockOhekethe hnﬂmnmhamdldeﬂaiak lines) hieé been nemoved,tthe Fotate émage
th h f b
ere is s O‘Aﬂe ﬂé Q&Q%&QF&?&%&% o%gﬁ.ﬁécf ihgd bASK to its | IHyhAl 6&&&&9&\ yThée

| abel i ng nod f.rom t he ,d

preparati on nB#f# Preparatieq m?é‘“gg ﬁg y uir?gfcﬁ?v Sﬂfmaﬁﬁe %Bfrﬂgﬁeﬁ e
wi t hout hori zmrnpzdrary lines iritomluckd desingarmalization.a Thesresult is ncddskewrd image

their ident ' f earfetéle& hJBfoAtﬂpﬁhwg mﬂw é@sﬁ*@&ﬁﬂ&h&%}%mﬁ?;ﬁhmh gé

in the i

addi ti onal“bi P“ \A#’ISP“?) (ﬁ)gg‘ﬂ &% l%%tf%“ﬁ%i’?%ﬁhaﬁﬁg%o Bize 21 and

i dentified sydemrmdlmmﬂtgto Témovs thetopcandhbottory temporaryilineshe addr essabl e
menory 113. The Iap&ua@,gnngdgygﬂaﬁmosﬁsans 1003 the expanded data of the

| mage to identify ﬁt Beon Sma]%ilI Mmc}ﬁgnbbf the ddtf %BQM&Q\ MRéfule 39 is the

corresponds to act
formation of blocks that can be subsequently considered for labeling as system

30 blocks by the labeling module 131. The blocks are formed as follows.

Blocks are formed by a similar series of steps as the line removal process,
Horizontal runlength smoothing 921 is performed on the deskewed image without
horizontal and vertical lines by the smoothing module 801 with a runlength
parameter that will produce large blocks of continuous pixels. In the preferred

35 embodiment, the smoothing operation 921 is performed with a runlength value of
about 80 (at 50 dpi) such that white (unset) runlength occurrences of 80 or less pixels
along each pixel line are converted or filled with black (set) pixels. The resulting
image is stored in the primary image buffer 141.  Figure 23 shows the results of
smoothing 921 the image in Figure 22.
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| mage data is checked. This scanni ng processes proceeds fromleft to right,
topto 15 _bhottom a count of the_nunber of lines (based on resolution),

and in the inage is maintained to determ ne when the entire inmage is
scanned. If a set pixel is |ocated, the pixels immed ately adjacent to the
set pixel in the sane and previous line that have already been checked
(thus the | ®O96/3269-| eft, top, and top-right) are checked IFfi9usososdet er m ne
1011 if they all have_the same bl ock 20 identification nunber. If so,

then the set pixSmeathing923cis ther pesformede op| the vertical kine-freeoimagerisiata
The | abel i ngeawlﬂuigefrﬂ:ﬂﬂsﬂptmﬁmwlﬁahh@&ﬁen stdreé muhé@a&oﬁd infagelouffer £43.

the | mredi U CEEE ?%g&“vﬁ‘gg&?g& Woveg‘eﬁ?%ﬁ%f bl #H‘E&?ﬁ%ﬁ The

numbers are Yﬁm Yesmogthed jmage i5 dhem petatedgback tos R@l‘tsilt orientatinn, and stared;
modul e 135 dnrthe seeoneladichagdbaff@riahe set pixel has multiple bl ock

1021 to the BPXEWheé%foéﬁﬁfaem?%cQﬁ?%ﬁ%%ﬂ Ry e e Ss'aqhe

nunber of t Heerkealbn d,image in Ahesec rmmgenbﬂgemm Age |60:
have their btlogeﬂherb rthetombinalimwm&ﬂﬁre 807&”!2@' paGeedE péndratel 15¢k dl'di@i(blocks

From the. g o G- e ab?%ﬁg?%é%h. . cai’*néﬁt %ﬁ-‘%ﬁl&%&?ﬁ?&f?@a S Ve
identifiéhtlm fo produge combination of Figure 23 anscRigure 24
the list of (following mtiulwn)k |dent|f|cat|on nunbers. Each bl ock

dent:i f t t of I
thoe. the- bl ok | SH'%  inshaites Moo gv??a%“sﬁ‘%ﬁeﬁﬁ 85, R BPEE Shilh ey
35 the blo VedE‘h {er smaethsd ﬁl}'ﬁ'b%'rs ﬁm@hmﬁ)ﬁy qfnﬂparqsnltantaudata is
| abel i ng nodperforited wethna alunderigth vaiwe ob Bopikelsy etireby eltiriinating! mméresiaeml

nunber ofigs | s ls f | O

i dentifi fégt %ﬁﬁr%& Tﬁ@ﬁ%ﬁﬁﬁ?% '{gg’?p ?’l\l % gr eargai%h%fﬁ 1~k(ihé(
det er m ned st'ﬁf) eady fBBPF%‘F?P?‘F‘gﬁR labeling medulenidly) dﬁﬁum 26
(AREA) ; the slmmtsehhecrésdu eﬁmwthutg 927atlsellminam feskhnm eltgndns in Figure @B! / t op
to bottonm) in the bl ogkyg S o e ht of the block, as
the difference b en op-left, and

R RN ;
bottom ri ght set ﬁ#&é‘l"ga&“ : atatPFSP%a&PH' Wl{ﬁ@‘stﬁfed%b%%d
the di f f 80 erand dasmﬁemsmbywmxammmaum 131, oGeﬁéﬁllja,etHedabél&ig modnte 131

bottom ri ght ithé Aoh fn
det er mi ned tié eE uot | ent i%ﬁ%ﬁ ﬁ? JFun f E_?%gdaid t r.eegé’h
average runl ﬂﬁlf |l3(18?% %} Bumber-ang gﬁ@ g @s either
det er mi ned wmbl@komemgebloukDBWalﬂmodﬁ Text blocks are(tHGd%Elﬂ&ks thad afe

density factsrobalslygeRirtel by thé reserile %fm%ﬂ%%@%ﬁ@mahﬁmgénwge bReke"
| ndi cat €35t S are WSseBlo nutlm?rare()fro {:vl I ne te&’%y the presence of graphics or pictures
in the original image. Dual blocks are those blocks that are not identifiably either
text or image blocks. Each group of connected block are assigned a unique block
identification number.
The labeling module 131 maintains a list of block identification numbers,

30 each corresponding to a block, and for each block identification number further
stores statistical and classification data about the block. In the preferred .
embodiment, the block identification list is an array of block structs, each block
struct having attributes for block identification number, and other data values as
further described below.

35 The labeling module 131 preferably employs a 4 pixel-connnectivity tracing
‘technique to determine whether a selected pixel is connected to its neighboring
pixels. Such collections of pixels collectively form clusters, thereby contributing to
the formation of a type of block. For each block that is formed, various features are
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pi xel in the block (DENSITY). These data val ues are updated 1025 wi th each
scanned pi xel. 20 The | abeling nodul e 131 determ nes 1027 whet her all
| imeés in the i mage have been processed. |If not, the |abeling nodule 131
continues to scan 1003 the expanded data. If so, then all distinct,
separate bl ocks of connected pixels have been identified, and provided with
a bl ock i dewmii on nunber, and each bl ock identificati pgrosssassrrapplies
only to one group of connected pixels. 25 Once all of the bl ocks have
been assi gnesttrattedkini cidder ithidisdriminate titem s uriqué bloxks bplonging do e of the
qualifies 1Wt ed bl ocks for determ ning average bl ock data for the
entire i mge I ed hlocks ar se that have an adequate size and
shape to be readnBIl%Fklm catign| ‘g}-“p‘ﬁ@&ystem In the preferred

embodi nent, usi nRefedritlginowrtgPigure|1t:thicke ésislivvwaca flowgeaph bfthegpriooessiof block

iteri 3 HEhg—jg g,g;;; 00
CDrEII\IS?'rI'IYa>_ gdgml':fz‘fcaﬁmf)ll% | S gggl; gd @Sgg b 1?“Ad"drl igféf\?g S>E°é

bl ock i dent ithedatd prepasation foe ‘F"ﬂdi“l?ﬁe whrs rﬂﬁ‘hémﬁf’

qual i fi ed. 1iha abmwhmzadtdtmdvemcalﬂdnqsr abagrwdhraebﬁlufttherb,lodqscandnﬂmirher

enbodi nent s, Hoh! v Jbeldﬂiaéahﬁ'b?ﬁmbﬂh@
e o ksl o i o

di vi di ng10y tbheomunfmmuibnqbeht ﬁwadewm(systéﬂnblmr The exparidedgdata issstored
simlarly dgp aa&ssﬂlg f§aows as a schematlc exanple of the results,

b
Chat aﬁz'v'e”?hg”sarﬁxepﬁigfms metle iaf)as 00 e Belonpdet AR B 2R dptaRe B
_?_Lgc:(abglnldnhamnfyhﬂetqandsbl d)rﬂylthebitl #ni m%mndmﬁetzﬁﬂq:g&mt t tq c%tuﬂlon
bl ock (bo% qu% Uél eés? as E tef tb'

| d
i mage, dLPa‘?tt"nj‘LOa cpint.pf agﬁg a’tsh :"g‘ \)egol\é\'ﬂgﬂﬂ aﬁ'df |“8\K§? T&%?éé%fs
the data tymanitmedftodutemnnprvdm&lecdnttrhemhgbu scaapnedhdul e 131. The

| abel i ng modul e &?l&?fmﬂm&t\eﬂ%@ ixd16 nthediftely Hajatent td trcsee peal

131 ‘seqr ogat B AP ieipus e hat Bays %%é@- %ﬁc%%ﬁi%? éwfhé%%‘ééh ng
modul e 131 1énd toppight)lare checked A@0%taodetermine HHA ifishey all have the samg bl
bl Othﬁ 9{02 gfdehﬁﬁcﬁfgagﬁxm:e% Irg 8b,Chin! l!h@rbei%éé w%bﬁgﬁaﬁ smms thie ssmdmm,ck | f
z(r)ea is gr ea!%?‘ W&el H%Fg’ﬁgt‘ﬁga&epfci S c a55| &h&‘iﬁﬁe
dual bl ock. isrthedirst inein thecimagear next to adlapkilineqlifo Hl%rhenla{
values. 20  jmmed{aié foff dhetiedsas abéved. Ni ti al |y segregated, or i f there are
any qualified bl Oﬁkt?ne block identification numbers are different among the neighboring
25 pixels, then the labeling module 131 determines 1015 whether the set pixel has
multiple block identification numbers. If so, then the labeling module 131 will
assign 1021 to the pixel the block identification number held by the largest number
of the neighboring pixels. Also, any other neighboring pixels will have their block
identification number changed as well to this block identification number.  The
30 block identification numbers are assigned from the list of available block
identification numbers. The block identification number of the changed pixels is
thus added 1023 back into the list of available block identification numbers. Each
block identification number is thus associated with one set of connected pixels.
Once the block identification number is assigned, a number of statistics on
35 . the block identification numbers are updated 1025. In particular, labeling module
131 maintains for each block identification number:

the number of set pixels present in the image buffer that have
the block identification number (NUMB);
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then the | abeling nodule 131 determ nes whet her the bl ocks are text or

i mage bl ocks, or sinmply indetermonate. This is done by | ooping_1109 over .

the list of qualified or dual block blocks, and for each bl ock, determ ning
1111 whether the height of the block is within a particular range of bl ock
hei ghts fromthe average 25 bl ock height of the image. In the preferred
enbodi nent wobs32ée1t he preferred i mage resolution is 50 dpipCrussensezl | s
whet her the height of each block is |less or equal to four tinmes the average
bl ock hei ght. O her adhespanning areaxfithe binck, asdetermingidiby thetop-leftrmnd
resolutions. If the (Hotiokn rightjset pixels\of therblotie(ARBA);ed range, this

i ndicates a small to 30 nedium size block that nay be either text or inmage
data. Accordingly, tthenumbereof sebtotnset ransitions (scanmingrleft te sight/®pt he

runl ength (RUN) of t He bottenk) ini the blacko@RANS); t he average runl ength of the
all the qualified blocks. In the preferred enbodinent, if the block

runl engt® i s | ess t hdhediight of the | , tasctheydiffegence betwiegnhthel yraxisn

adj ust nent factor of compdinates of the hp|top-left,sand bettom|rightiset pixels 6fth®@s bl ock
identification |list itodp@IGdT115 accordingly. This effectively tests
whet her the bl ock has the area and | ength conmon to text bl ocks once

snoot hed by data prepheawidsth ofsthe: blockeas ithe difference hatweentthet y-axise
probabl y text bl ocks cootdinates|of she hedop-left and bottomgightrset pipels oftheeds t hi s
val ue, t¥en the bl oclblock/(WIDTH),be an i mage bl ock or indetermnate, in
which case it remains classified as a dual block. Accordingly, the |abeling
nodul e 131 tests 1117 wrefactor determinedrhy theoy t of NUM Bsther eat er
than three |ines (agaun fagtoriindicgtes B aysrag engthi of set| pixelshinuthe 5 be
scal ed with ot her reddock (RIAN);. Since nost text blocks are less than this
amount, if the height exceeds this value, the block is |likely an inmage

bl ock, and so the bl cdkaspeehratio determinedby thesquptient of| WIDEF AHENSHTngl y. | f
not, the¥® no further (ASREST iangki on is performed, and the bl ock remains
classified as a dual block. Returning then to the conditional 1111 where
the hei ght of the bl &QW‘YL@%@MW&B@&PW‘W“ NHMB/AREA . age

bl ock hei ght, the bl 3B dens dicates the @averagenumher of set Rixels pest s are
applied to verify thipixeliindse blacki((DENSIT¥: | abel i ng nodul e 131 det er ni nes
1121 whet her t heThesgaldta valuesate \fpdatdd 1025 with eatlp sdanined ter than or
o o 12O 4 T Mtelfil middlule 133 ditbiinky 02y WhiAhBF S fifled HE the image
approxi nate,wi d 0 he common_in AOst | nages, any snaller val e wgul d
15 i ndi cat baye praressed-n 15 art. 1the dabeling modale, 131, copsinges toasran 1003 the
Acgor di ngl yexpdhdeﬂalimi.i 1§ soctHen all Wﬁmfﬂiﬁc&b‘f&oﬁﬁ&t&d pbdeldliawlblieen

I ndi cate an.j| . 44 Sohest ' . [ 1
det er m nes 1%@%@tﬁg&: R‘Jﬁgl‘%méaﬂ?ﬂhg% P Le F%eg&ﬂfcgngﬁgré{n%?}@%, gﬂd?r?% Syxgoé‘ﬁ | f
it is, thenidengificadion number applies enly;tpiong sreyp of sonnectadhpixels; ok .

Ot herwi s25 t he bOnck allesfeiheblotkssivivie mebnoassigneid sblotk identifiz@tion numbidrs,tthe

have. been iy Btﬁﬁf*%e%‘?ﬁ.ﬁ%‘éﬁ%ag*g?? HELEbIRR, (o Reiaifg Driiih HIERRC
bl ocks. The9® %&‘%@tmﬁ'ﬂ% ed b éhPiﬁ'{B‘eRE?"e ap, adeguiate pize ad g
to define t bhaps taube realilyf identfishiebythe systenCr butheoprefdrresl embodineritausing
Net wor k 50 dpi images, qualified blocks meet the following criteria:
30 HEIGHT/RUN > 4.00
HEIGHT <= 22 lines
ASPECT >= 5.00
DENSITY >=0.5
Each block is checked 1029 against these criteria, list of block identification
35 numbers is updated to indicate whether the block is qualified. The values are
' related to the preferred resolution, and in other embodiments, other criteria may be
employed. '
From the qualified blocks, an average height and average runmlength is
computed 1031. The average height is determined by summing the heights of the
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25 Referring again to Figure 3, the dynam c data networks that
describe the structure of a .tenplate are defined 317_fromthe valid,

| abel ed, classified bl ocks. Referring n ng now to Figure 12, there is shown a
fIOV\graph of the process of creating the dynam c data netvvork of tenplate
by the tenplate nodul e 133. The tenplate nodul e 133 determ nes 1200 whet her
any of the syweolegAddel ocks 30 intersect any of the user defi petosssmssry These
system bl ocks are elimnated from further processing. The tenplate nodul e
133 al so det equulified bloeki,land dwndmg)bytﬂ'e oembenef qualified nploeks. | Thgeaverage

whi ch a set p qyi% line in which a set pixels occurs.
éﬁe‘gﬁ

ner eby ol i m nat i REUH: p oA st of e dotiel S BoERE o ene

these |ines. iniaget efinBigare 260dln &éLﬁﬁagegfrﬁgme]Z’)Oblom that drave the shetevpixel
the Tirst gnogdm gr-g a&&n'm BeellliBeled s ¥R E dHVbIREk Sattf haté Te same block

Segmentlngth%gn elnto rrents allows for nornalizing the block size In
each segnent * bl ocks do not overly influence the selection
of blocks for the Bigukaﬁlasszfimaometv\ork 19 By using segnments, blocks in

each zone of the "Ifiﬁgﬁb&!hﬁ%n{lfddléqgl Itherd E&ﬁﬁf@'ﬁtaeteflﬁﬂélﬁ-lb%t&% BPESch
{1t sen cognabiod (et peibed s sl Ana pphaafe et 4 in Rk o, of dual
tenpl ate idd Mem tie (Figurentls theze 3s shewava flagegrapk of dhe Slaté @ypexlashﬁoaﬂm
and separ atenlymcéggeofltﬁg% GKSddll 18e segnent. The average area of each
el sot s 1905 .ﬁaéiteweég‘éﬁ%mé&ﬁsi‘ (88 0P RneReE HEer® 455 by, svalties Sbeks
to t he aver agresbltingk frome thefqualificatigneprocessi t if notpthen the labelibg auadulepdsl
I'n the pre‘ferkg?eeg% %Bﬁi&hxﬁﬁ'ﬁ%lﬁﬂb@cﬂ&ﬁﬁd%ﬁlm&m” ’f‘!ﬁ‘erfalaeﬂi hiddule 131

1 295 P18 b ol EE o S e 0 o oy gt AR B S

| ess t han
bl ock with an(ﬁemé@) rgrlw%nntl@arpmeid (assvuming)5¢ dpl)axléso.gtbenlth@bloskzs anapvalisd

?_Si)ecg_(]a_g Egrzble&armu u@éoﬁ!‘?ﬁe:afbaais 2 ﬁ’ﬁhﬁfth'éqﬂock

. pi xel s an e area J s
120 pi xel s. éoga?seﬁ bg’g)sckmo §2 5% ?"f?oé‘se'w’flﬁi% ‘gﬁ'ﬁ lgll]th
pixel's. This @lmﬂé&lﬁm i s done for both i mage and text blocks, resulting
in four blagcks in @RcNtiecHIoEks arelingtidlBiRe te@dw T th&% iﬂé%)dqﬁﬂiﬁémﬁl%cks

1207 if th

Tor the 1 onpl He e BRRIL 9@%‘:@0?}%%3% whietiéh o, BIEGRT e 18001 6
that a mini mbksks.qumlacmslewwef e onStqlprmbzrl@ap@gaIWnamrcthfahat of
network. |f fhusliffddoekdual bloekt bioeks: ahdckor téach bivak), deteriiifingel 113 3whétties ahe's

def ini L LE%L@%‘\P pEife PW?H%%*@#\? %8"%?%“ %?V%Z%?%ﬂé&&s?*%r%ﬁ*e e average
i mage, t heSdybiesk height of the itaage. 1 by thejprefersed embodiment, swhere the preferred image
data network rsolutioncs 50 dpis thotestTs whether tho height of ieheh dbiwkdsléss arkegual to

Vor o par L1 cul T e W sl WS height “OR G g ORntE HaluJE ofay BE ot G
centroid of tﬂ@esmsm 13! °¥% the centroid of every other system bl ock.

If the block height is within the desired range, this indicates a small to

30 medium size block that may be either text or image data. Accordingly, the labeling

module 131 further determines 1113 the runlength (RUN) of the block with respect

to the average runlength of the all the qualified blocks. In the preferred

embodiment, if the block runlength is less than about six times the average

runlength plus an adjustment factor of two, then the block is a text block, and the

35 block identification list is updated 1115 accordingly. This effectively tests whether

the block has the area and length common to text blocks once smoothed by data

preparation. Blocks meeting these various tests are probably text blocks and so

classified.
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Accordingly, for each systemblock [err] (i =1 to n, where n is the nunber
of_system bl ocks) thereis a vector list [err] contal ning vectors [err]

bet ween system bl ock [err] and 30 system bl ocks [err]: [err] In the
preferred enbodi nent each vector is preferably defined as the distance

bet ween the centroids of the system bl ocks, and a direction. [err] 35
wher e [ err|womne32sst es the direction of the vector from syspenwsscoséal] err]
to system block [err]. Q her vector definitions may al so be used, so

| ong as a vector Ifrmgrmmhnghmwiswgsvm shen ahe bloskmayt stilh betareimage
exanpl e, ea%dl@%%d&é&d%a&% Oirnedvl'ﬁéh tdaBe Cie Ofetthdiné Qfaseifidd ascAddwall Biock.
ynani o dat AErneR. B BEERE Al BT leoful? kiR Refite BEICEY or i,

the system mlmdm grieater thagn three dines &M@snumksefdmanM§sh:eumld he
:;;;J g%u[fggrcb; d&ﬁgﬂ h ed&gﬁ@ﬁé&ﬁﬁgg%::i%;@d;%sﬂéﬁﬂgﬁgﬁgéﬂﬁssmeg%h@e Slga e

tated & ﬂbﬁ B f ack

}3r :nowatﬁ tndemmahaném uuypdmg tagmndmlys If ant tlrerg sodurthep clmﬁg@mmﬁ% 8h

shown t he vqgPegfarmapt@{dﬂhbum{kelreﬁamlmdeﬁ:ﬁldamma&system bl ocks and

t he ot her syste 0cks éﬁgﬂ}mt dd %laﬂ}é o(r]'g\iF. n.oiﬁl E

data network D Pit e:g@e 1 Height b neBlAF %

d?ng Bs ?%)]E a;eaé?th@ ﬁaubaa; t;g:s tfavmezblngkt height, ﬁltelbloszms r%;neggwymf

of user defij r

rone 1T SRR I SRR oL SR B beal e LB o OO

;/gct ﬁresr ogussrn@tss than tarmequalcto abenth@Rcelfasa thin indicates| thatthe b&oqkal has the y
nbodi t ,anm t &ﬁﬂnﬁﬂp ARieive

2| tﬁelr mgn o mHIcF egte ﬁd&l%{géhéig%u Luse ik ﬁdﬁb%agﬁ%?i\ﬁ?%ﬁiﬂaﬁg?w uld 1

dynam c g%ta ne e@ 'f%l% 2_'3‘26 rese PRe s 1A & y’r |ﬂ§?s
Ufor 25 tH%leg\Sr mgdyje, 231 muespdammp ekdish te indieate @aniizwagenkleck: df es

52 t13 t he ;:r ahisoiist fails) tHen thiet lAbaling odul® 181 aet&nmsé 1128 whétheedhd avidttbe
ata, inclu

Gt stical bl oﬁs R @;%g%%%c&f*?%%ﬁ%ﬁ]ﬁ# gt%igtmgéﬁ%ﬂfd‘% an

i nf or mat i on,imagg bl « the he tenpl ate
nmodul e 1208 returm&thel&hdaifth@laﬂiﬁndehdrdléssﬁi&aﬁme rddesses,thé blocksiih thieirage Ng

again 1o Fi QLR veen Hiltiicty ReRifl® afid tyPRd %%ﬁhmgtt Rfrage & 45 %blocks. The

resulting set of blocks are ‘system blocks,” and will be used to define the structure of
the template.

25 Referring again to Figure 3, the dynamic data networks that describe the
structure of a template are defined 317 from the valid, labeled, classified blocks.
Referring now to Figure 12, there is shown a flowgraph of the process of creating
the dynamic data network of template by the template module 133.

The template module 133 determines 1200 whether any of the system blocks

30 intersect any of the user defined zones. These system blocks are eliminated from
further processing. The template module 133 also determines the first line of the
deskewed, subsampled image in which a set pixel occurs, and the last line in which
a set pixels occurs. These lines determine the area of the image where any data is

. present, thereby eliminating unnecessary processing of the image area outside of

35 these lines.

The template module 133 segments 1201 the image data between the first and
last line into a number of zones having equal area. Segmenting the image into
segments allows for normalizing the block size in each segment, such that large
blocks do not overly influence the selection of blocks for the dynamic data network.
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201, the user may begin processing docunents with the tenplates. The
selection of 35 tenplates and inputting of docunents_is described above.
Application of the tenplate is the process of automatically registering the
docunment with a tenplate. Cenerally, the registration process is very
simlar to the tenplate definition process, except that instead of creating
a new tenpl awesshiser i dentified system bl ocks 21 I N each popusssosnge are
conpared with the system bl ocks and dynam c data network of the tenplate.
If there is aBynasng segivents, blocks sheach zohe ©f théémage will diei used incthestemiplate

;ﬁ;rp![ 2;'? Eﬁef‘ eln. in b Vbr e a)r% 3]% F{éﬁ‘ég?grs%ﬂg t 0 Fllgurttras 1%%‘4
13b there is “gmeEated into fifteen &@ﬁem IRPotoRettor oyl es
used during regi sﬂn&cbrsegment.ttemplqte |1>33cdmrmmw;lmma umrage area of
under | yi ng50Qfe 3 Yiscka! gndld Jﬁﬁtﬂf ht%:sa@ g§
managed by the [ tratlon e ve 13 r t| nexe 3
cont grgol s %/he %“Egﬁﬁ Sk ol é&éﬁ@@%&n ffdeggi‘ﬁ ‘@“ﬁ@“’ '%ngh

i nput documnerselesctsl1205t ini eachaﬁgn'tehte thosedrockst mth'meaneamyprobamtely equal to the

threshol ded %%eﬂ%?ﬁlb?@qtéa%m@égﬂaeﬁt l%itﬁ e&'ﬁﬂ&e blede ty &éﬁ%r@férred
executive 13%151%&9% th rl{}%n::l%rp | %L t&ﬁe%?ﬁg 130 pretype
i mge data t %@g‘g

i nvgkes t A8 s&bemamvebm iaoblogk dwith attz&endesasthaaeax&memﬁs(mrgn ﬂéwednlidh) the
the inmage, fock l3¢ze) BRAS BioRW wHINaf 484 fianl £ nl-:;éthe average
reglstratlon ctlve 35§'£ F nes 1306 if Wexceed

if so, call s %Wﬂ'e?ﬁ'éw Y

and the ori glofalML M@ell&al& 138,c102; andil128 gqi pixgls, amithmawagq bidck qlea mlgo
orepar ati qp. oS, s the selbded BLE, kBl Be mh‘?‘?}m‘aﬁd SR P nd
to smoot h(igSlsfiletchg {ﬁfg%éﬁém& “ﬁf 59%* ﬁg‘ g‘? th &

i's then |nvol<a9$m&nt4 abel and classify 1313 the data bl ocks W|th bl ock

. degt i fi calt i on n]yrmr@n} plae :!E).Paﬁik@eemap}irl]@ﬁl@e fkh?n&dla%({?f ifQHereairealE@ﬁivetBlocksd
produce a |s 0 1fie [o1% e | ocks ssidie
as descri bed %\%‘F Zt ﬁl iﬁp &ﬁs|*°‘8 ga&i %?ecrfg st raPFbn
executive 135exp&rmmn etrma emem 2 mipimum |of five blocks anecpreferrad to
data net wapk @eateledyraiinicalata né'ﬁfbrkﬁ NTfl fiviecblogkd dre nbBgeledied), the dahphtémodule

dynam c data n o

qgual i fyi ng 13£®t pﬁ‘é&t{ﬁg %ﬁl g{;ﬂ[ﬁ&%@%ﬂg F@'&‘é& {'l oltrzllﬂlet([}%nfe:ﬂ)
those bl ocks definitipnthag failed tentlal syst em bl ocks t hat match the system
bl ocks of tenpl at df therehardaindre thax five bloeks fgruthei értire infagep theidyfiaiii¢ data

h
s T Toat] ot %Eor‘%éeé*%ﬁ%%t&ml L The Uy Ramft dall Aebworkondilisdh f1ist OF
absol ut e @of f Beciors bebweenthe systemp b meetlns the axeragesize rssumsntopr#aﬁbiy
35 t 0 Shetweeh sheit bentedidsl More giatti iy, fobedchvasystenhbloek iaglectorfis tefined

bl ocks nust bgolfie Qntffid Y the systeBidck to the centroid of every other system block.
Accordingly, for each system block B; (i = 1 to n, where n is the number of system
blocks) there is a vector list V;, containing vectors v(; ;) between system block B; and

30 system blocks By:

Vi = VG Vija)y - Vi)l
In the preferred embodiment each vector is preferably defined as the distance
between the centroids of the system blocks, and a direction.

Vo = [\l(x. x) +(y-y) »(B—>B)]

35 where (B,— Bi) indicates the direction of the vector from system block B; to
system block B;.
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22 the absolute difference between the nunber of set pixels in the data
block and in the system bl ock nust he less than 10% of the nunber_of set

pi xels in the system bl ock. The tenplate nodul e 133 tests 1319 whet her the
nunber of qualified systemb5 blocks of the input inmage is at |east 20% of
t he nunber of system blocks in the tenplate. If not, the tenplate does not
mat ch the iWPoWes268Rge, and the tenplate nodul e 133 returns PCIRBIENSOAI | ur e
condition to the registration executive 135. If the nunber of qualified
syst em bl ocks neé&ther ivecton rdefinitions, miaycalso thenusede spdopgasca mdtsnlmntﬂﬂantly

creates 132lasgociiis Bhe sydteth BRICKWith afbtheRS FoP r&s&mglmsch %ct&f’m

above. This dy'g}ch ﬁ tta n tvvor% I s .not stored as tenpl ate, a
conpar ed 1328 8§/R ng'tﬁetV\Drk of the user sel ect ed t enpl ate
The conpari son process 1323 iterat ey):(}f\e/}e or list in the input

i mge dynam c data network, thus e 't"’éctl 1 ] i ng over each system

bl ock in Ehefmmpuhlf:hrthgﬂnﬂ'and oaemahsnlma)ehehompaggd asneedded] | st are
compar ed w th { hernéasriiicidith erdik b B irRludes the s SPTEHSr lidts V'

I nput i mage chesa\() or in the tenp ate reitt 1rsw
predet er m ne@f Stegn Msi onal tol erance. I'n the preferred embodi nent,

using 50 dpi i mage, the di nensi onal tlngr‘,?ng; 3ng| xels. That is, if the
i nput i mage vect l ength, is Wthln‘l>ﬁ[e4ﬂ1 f the tenplate's vector
|l ength, then the mﬁm%‘"& pecribes the strpetare of ﬂze)lmase

di mensi oi@l hmhweaﬂearectqrmelqﬂ \beswaeére the yexhéblm&re'fiited\&\cﬁﬁr

| b fs
Lol erance borig Mgﬁéﬁnﬁ%ﬂ' WAER g il £'VolarB oF Sie #d%”%éﬂﬂ?h
a count of t&f® ?1@5%‘@91 Wﬁb W%W&W%Pésmt
det er mi nes JﬁﬁBFxgmmmb ttheughrﬂshrshowme vainus vetorclistoVisbetwieen leacls of the

mat chi ng Sy%ﬁﬁﬁ?@ éfstenjx t he nunber of system bl ocks in
t he terrpi e bﬁ(éﬁﬂnd%‘ﬁ&hg? am _c X%j% net wor ks match,_ and regi stration
o succaddt ol Mf%Pe % Srpoction & ibe ymamig datainetwarks D awayod with

i nput i mage respict b thecuger atefined izenes. HEhi is/dlomd byehtabhshmglfoﬂéiehasai definksd of

The | hput | et S”*?&“’E”gﬁ%'?e‘%m‘%“tﬁs‘% Bl YRGBt T et
val ues (xy)." b‘(‘f-‘é ﬁﬁg iFar gest nunber of system
bl ock pairs is taken as the offset E‘ng % mfxamle i f five
system bl ock pai ave of fset o ’ n of fset of (2,4),

and six K8ve an 31‘ 'E’éﬁ %c\dgmg,\ mswahetwq%agesq;féefmed gopes havpnat| beerrhe
i mage of f setfoifid toadalisignificantli¢o ¢the robustiiess of ftemplite,aind héndesdre ribkistdred.

zones, Stof gl aMernife eRfBYdiEnts' thelé 'Vecifid iyt Lti‘degﬂg.;n%t gt?éyﬁgxggiod}efhﬁ\e

user deflne zones ut,. I ma ne ¢ na I ned
zones in thget’wg‘tﬁ' é;. ‘FB\‘F & !%%gfstltﬁm'ﬁ &he usen defined.zones weredpriude

nodul e 145. Mptdmmmmwmmmmuyncmemmmmnmm féi09

(Figure 25 tihe userdefimedyétbszONes on the image, 40 providing the data to a
file, a database or other storage facility. 23 .

D=[Vy, Vo, V3, ... Vy, U1, Uz, Uz, ... Up]

The template module 133 then stores 1213 the created template with a user
input name and the defined template data, including the location of each system
block in the template, the statistical data on each system block, the dynamic data

30 network information, and the coordinates of the user defined zones. The template
module 133 returns control to the definition executive 121.

IIL._Template Registrati

Referring again to Figure 2, after one or more templates have been defined
201, the user may begin processing documents with the templates. The selection of

35 templates and inputting of documents is described above. Application of the
~ template is the process of automatically registering the document with a template.

Generally, the registration process is very similar to the template definition
process, except that instead of creating a new template, the identified system blocks

: pal :




If there was not a match with the tenplate, the registration executive 135
returns 1333 a failure condition to the application_executive 137, which
pronpts the user that the tenplate could not be applied. This Wil occur
where the docunent. is not of the sane type as the form or was scanned with
significantly different 5 brightness and contrast settings that either

Si gnl ficant!| woesssesr | ess pixels were set in the inmage tharoTroshéesel
original image fromwhich the tenplate derived. The user may then check the

scanner 115 sist eachyinputdimage ane ompased nwith. thensystempblocks and dyhanticrelaty
Ifdtpe rratl ggSﬁet”t#oﬂtd,oftilmt@aiﬁla@?t wmeeéqgtat hihﬁ:h];?ﬁeﬂ'th@ igheda fies tRe user
rederi ne e Je a ILNC redra e ,user er)n ones.
This al |l ows t'?ﬁ%ge‘? §Qﬁ g‘ @n ?‘gﬁﬁﬁgfl e"gv WF&P‘FJ E'é
in the form n‘egogmham te&tthmver3| ons of the underlying formare nmade.
;I'he {e.?l st -?-ﬁt i on ovefe ipatficdldply\ ﬂefe& t@tFn {ifds 1% R 8b ﬂ{&?rl?délgdvﬁd a
enpl at e. euser 0sSe, | (0] o_redaetlrLne
Lhe t ampi at o AR ERPRCYE, ﬁwgegm‘trﬂh‘%é Fhs hf‘ber R el Sy et fors have
i nf ormation fbmmepiqyshn dlesgribed mm lying eperations areceffectivelythe same.
CorreSDO?dl ng{&@ adtion! rb&esef:smwbymrég@momxacﬁwesmt mage and
corrpensa |ng or ew 1e S 0] respe
the first imge, F‘%ﬁ(&ﬂ*ﬁ@%ﬁwgﬁﬁ T ncel t?/‘l(énéE nﬁ%ag]?’ %%EFNH{;P Cﬁ#‘ﬁﬁp
at | east dfe m@énled tocagan she input hang gb 8%1 therimage date, The image
user defined daaexsfm&emoudathsrusemed Hatp rOduéé armeoxmr:hi . Of Tl

gasistiskion
i tage corresp thy [
the riror | mogien¥e B35 MEokEfind ‘#‘mc%ﬁ‘ﬁfe‘g‘?"’ﬁg Bk TRWT?‘??S LF%@‘Q
first i mage adatatem %leﬁo}“'@?nbl ocks fromt he bl ocks of connect ed
pi xel s; def i ni ng fhe fegidtrativn éxetalives t35 tHe invokes theagkengdatettivri ﬁ(bdiﬂ@&?.i)'to

the fi rst 48 har %
the first pl ué&#tt 6% aﬁ*r ﬁ{é Jest gsﬁégéél;%‘d &g,tog{ fgmﬁe 1 | nv irt
rel ati onshi p odenta ﬂntﬁbetmlsmaaewmmlf Q#gﬂmﬁeﬂ Weﬂg‘ée@s
secong pl ur a:c and ifcdo, balls-the Wbddlqoﬂ?ab&iesmllaomm@mmmﬁzéd

second set of yve e : c iy gjm
wherein a seconds%/‘gﬁ?(l)qaﬁg?wee% ?ﬁg%ﬁgﬁtﬁhe e(szgsn uraltﬁ%ﬁry?‘g{y
describes a sRuffer g qi spl acenment invariant relati onsh| p between the tvvo
bl ocks; ca@@paring 'ntue:egxsﬁramt emtifv’erms 'mebkef theedatarpeparatim mioduln 329 tme

TRt o o o iRt &@ﬁ&%ﬁtﬂ?a &p&g&&\smﬁeﬁ\eq Ci S
per cent age befiffngt %‘lag?lo&?a E‘ﬁ’éﬁ%ﬁ 9441%33} o fabel and classify
1313 the data blocks with block identification numbers The labeled blocks are
qualified, as above, to produce a list of qualified blocks. The qualified blocks are
25 classified, as described above, as either text, image, or dual blocks.
The registration executive 135 calls the template module 133, which loads
1315 the dynamic data network of the template. The template module 133 then
creates a dynamic data network for the input image. This is done by further
qualifying 1317 the classified data blocks. This qualification identifies those blocks
30 that are potential system blocks that match the system blocks of template. Each data
block in the input image is compared with each system block in the template. The
criteria for qualification are:
the classification of the data blocks must be the same (text or image);

the absolute difference between the width of the blocks must be less or equal
35 to 5 pixels;

the absolute difference between the height of the blocks must be less or equal
to 5 lines;
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extracting information only fromportions of the second inage that
carrespond to each of the user defined zapes of the first image. 2 The

met hod of claim 1, further conprising, before snoothing the inmage, the
steps of: determning a skew angle and orientation in the first imge;

26 deskewing the first image according to the skew angle and orientation;
renoving h¥O2&M16M |ines fromthe first |mage and rermvrngl'mmm l i nes

fromthe first i 3. The thod qf c m2 further the
steps of: disti nﬁ\%%s?ﬁ'éﬁfi ’%%’He‘bﬁ;}% é*egf

det erm ning for ’é‘a@? E ¢ les t19°(9rPf t};en e° rﬁ,ﬁfﬁb’éﬁlﬁﬁn th'al m
1, wherein the sﬁm fining at |east one first set of vectors, further

conprises the stThe eémplité aiotule 183 tésts' 1339cWhethier theeflulibet lof qhalifiéd fstem

b

o6l oot ad bl ek st the ‘ﬁ‘ﬁﬁ‘ mf’ﬁ%“# Tl 20316 B bty d"f'rg.}s?%q k"f‘ﬁéﬁs’t“eﬂ‘

det er mi ni ng*¢FePARn fa“ﬁbrﬂ‘PGF@P &ioes nﬁm@brﬂme&mbwm ﬂ*ﬁeﬂﬁ templ Ftﬁage
a vector t onmdiflelﬂsa)wtums msra wheetmthlﬁbn(th thélrédistra‘tidtﬁéxetﬂﬁ@emﬁ The

met hod of claim
orientation mf%e qd;»j urth r corrprlses a‘eswk’g %ﬁ%‘the
pi xel data feMmPpiate madule ﬂﬁ%g@#ﬁ 2] 3dypamiq Jatarnetwerk for theinput jmage, as

bl SCES f 1y lr’rﬂesprihedrmved'mﬁd dahmmaﬂ&usb{mebrbd\asﬁgtemﬁwkgbﬁt fmﬂed:ah
wi dt ua wi dt

w thin gredgt er l‘ré%g?\'mfeitslp or eac t‘“‘%ﬁoczm de er m ni n teg'?’gﬂt%ck skew
angl e and orient S‘PrmPBEF%'F Prosess, 1323 itprates oyer sachoyecton listdn; the input image

val i d bl ocksdynamit daterregwork, thas effativebkiteratinglover eécﬂéwtemlbl&khhahksnpﬂt

{he ?F?%‘;; w}géé?l??‘rﬁ’&*%%%%??%ﬁe?ﬁﬁ”%ﬁ“Eter‘@vé&?ﬁengt RS PR 8T

first i P%gtA’rVS%FP&%m% imge TRaiches, petop i e template
hori zont al Iwhmesngusewutiunm redetermined ran, ezafnﬂﬁhehsmnalseﬂmnce ‘In thé

emovi g tﬂ%&ﬂ el erboipley: G mﬁ‘aﬂ“eﬁ'*ﬁ?%@gﬁ%‘% 3 tketn 21
in the hori 20t 3% ifthe 1BpYHimage (vse 4§ ithy r?gghﬂcfeﬁ‘ﬂ’ late’s m
2, wherein wectost lemgti, ther\thegvectors (mktcht nda bthen embodiments, a different
20 dimensional tolerance, appropriately scaled, may be used. The vectors may also be
compared by the coordinates of the ends. points, the dimensional tolerance being
approximately squared. = The template module 133 maintains a count of the
number of matching vectors. .
The template module 133 then determines 1325 whether the number of
25 matching vectors, and hence matching system blocks, is at least 10% of the number
of system blocks in the template. If so, then the dynamic data networks match, and
registration is successful.
If there is match between the dynamic data network of the input image and
the template, then the (x,y) offset between the centroids of each pair corresponding
30 system blocks (one in the template, and one in the input image) is determined 1327.
This will produce a list of offset values (x,y). The offset value which applies to the
largest number of system block pairs is taken as the offset of the image. For
example, if five system block pairs have an offset of (2,3), two have an offset of (2,4),
and six have an offset of (3,3), then the image offset is (3,3) pixels. The image offset
35 is added to the coordinates of each of the user defined zones, stored in the template,
to determine 1329 the coordinates of the user defined zones on the input image.
The coordinates of the user defined zones in the input are provided 1331 to
the optical character recognition module 145. The optical character recognition
module 145 then extracts 209 (Figure 2) the text in such zones on the image,
40 providing the data to a file, a database or other storage facility.
23




the first image further conprises the steps of: nornmalizing the first inmage
by adding tenporary horizontal lines at the top and _bottom of the image;
rotating the first image [err]; runlength snoothing the first image using a
runl engt h paraneter selected to convert broken vertical |ine segnents into
continuous vertical line segnents; identifying vertical |ine segnents
havi ng | esswigygRzee nexi num hei ght; renoving the identifiedPcruUsscnsdill i ne
segnents by converting set plxels in the vertical |ine segnments to unset

pi xel s; rotating If Neerei was nofagmatcl: withe the teraplate; dhe rrgiskration exgpeutive 185

i mage by r enfevirdg 138% atfﬂimﬁr @Onditic b i &p lichﬁﬁﬁ exé&utive 18 ﬁwﬁiﬂi‘iﬁb nipts Qh@l m

compr i ses. SEEchHtedenp Q?P';‘fﬁ%ﬁ“tﬁ%‘;ﬁe‘f"% oY vafl it W fhe dQidten
connect ed p| met of hhvlsnglﬂatym asitthe formy, ox wﬂ%@m meith Iﬁw‘gﬂﬁaﬂthhééf %%‘ﬁ&t a
width with G&e&ﬁ{ &ﬁtﬁé&t% tRatGithet Qignifichely RoROSE Jless pixalsiwerd set

wher ei n deter n| a kew ,an d oorj

Compri ses. Mhee&aﬂngﬂfweo%@#g%ﬁ‘& B t‘%*“'?g? e user,
pIurallty ofnbydhmscha*dhbﬁdﬂumméﬂ ﬁmmwsagnéﬁyﬂan 9990§ME”(ﬁ the first
plurality of bl O%Sthe prefekred effibodiFiennGf tie fratdnfalled)its applicaion bteeaaves

s o tuncti ofPRiRFE e&@ﬁﬁv%ﬁ%ﬁ%{*ﬁ% b, “‘ﬁ%ﬂmﬂ* sy g et
wherei n df i defuge@zonegas‘rhla alows the usex t%adqé@m evalye the mléeteeweérme &

t Ihe fi : rst p:c éﬁﬁ{gek}inoﬁ\ebf&ﬁ{ssfoﬁ @aafnpaeSas wePTReisiors ohehé m@erlyntgofam are
plura |ty 0]

s of :)
segnent , W@gag r?&“?’@?is ﬁb{gﬁ@ﬁﬁp tﬂegaa“r'ﬁ's i le{‘)n;'!PAec& eac%
segnent t host;nwletﬁks The\usey may &h@%ﬁ b gxibif the awser éq%mt MW@MF&@% theea
for the blochgnﬁfméhe segnent; and defining at |east one first set of
vectors anong the sel ected bl ocks. 13. The nmethod of claim 1, wherein for
each of the selected ones of the first plurality of blocks, there is a
vector list [err]: [err] where [err] is the vector list for a selected
block i; [err] is a vector fromthe selected block [err] to another
sel ected block [err]; and, n is the nunber of selected bl ocks. 14. The
met hod of claim 1, wherein a first vector in the first set is
substantially simlar to a second vector in the second set if the first
vector is within a
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predet erm ned range of dinensional tolerance to the second vector,
determned as a function of a resolution of the first inmage. 15 The

met hod of claim 1, wherein extfastiRg—tniermerion only from portions of

t he second i mage that correspon Tms&&tEETcHASWeEwgtr defi ned zones of the
first inmage conprises: |ocatingfithe UBERLAREDR ned nes on the second i mage
accordi ng woeems26%1 ons of the s € second PCTUSKNI08L Of

bl ocks in tEe@s,econd I mage 29 and positions of the selected ones of the
first pluraf™¥m5f blocks in the first inmage; and extracting text or inmage
data from each | hcafenetisad forhutumatically identifyingcusenddefiredezorids. in sddond

met hod of Chgbg e%t %' Qﬁ"ﬁds?goﬁe{‘%gﬁfqefﬂﬁ%l ?ﬁ@e Zxﬁ”ﬁs ura+§etesa

determ ni ng an-of f set e _sel ec r st

bl 0cks. | | ROTEePSANng: {5 Ske| and clisplpcesean i5;be seron ma%wﬁlmses@m eof
bl ocks i rbt ifizsts esmprisingethe stepddifng t he of fset to the user defined zones in

the first image to d f WyS gmig
second |nage 17. Etd%{(;% %aneagiﬂgf)ﬂn%géno al1 |°5lr}(ri§lcr% an
controlling a prBE‘G?sor to performthe net hod of cI a| m1l. 18. The met hod
of claim1, wherein didfininggt idast emefirstset ofoveetats aniongf seleetddoortesaofthg first

sel ected ones of i‘{}al gal urality of blocks conprises: segnenting the
i mage i ni‘g a pl u?a | ? of, seghents of s stantially equal area; determning
e

for eachiegment, an idedt 151@'98a¥'béls‘? magec2 serondePlualithtof Blocks olhg
in each segnent t&mmetddpn:bls havi ng an area approximately equal to the

Second set of vect Qre ‘*'1"4‘“ Sp2 ST et Hf Vel Ahibhe NelochaP bl 6 the
automatical |y i dER¢PP ﬁ? ﬁwﬁhty of user defined zones in a second
i mage correspondi ng teomparing &ia atyleast one dirsicset iof ¥dctortesthierat dedst oné secomge

and conpgfisat i NggdtQyf vakidws ﬂ'ﬁ&t&ﬁ 5;*&%@% Wqﬁ dM th respect
to the first inmage, co rlsln in the first |mage
a first plurality of‘E’F E%(? |ﬁ¥§$§e %é’ﬁ%ﬁ%%%&y tothe at
first set of vecleastsoneme@mbt&tcnfecectms,sapplyiﬂgethel user defined|Zongs of the dirsts,

wherein a first dg@@,m wo of the first 2 5 plurality of
bl ocks descri bes a skew and di spl atement invariant relationship between the

two bl ocks; idenii n t C . d plurality of blocks of
two bl ock b tPhe WetnBa'dit1aioF, HirthiF SinBrisihg 3 sitp B
.20 defining the at least one user defined zone in the first image.

3. The method of claim 1, further comprising the step of:
thresholding the first and second images to obtain a bitonal images.

4. The method of claim 1, further comprising the step of:
subsampling the first and second images to reduce the resolution of
25 each image.

5. The method of claim 1, wherein the step of identifying in the first image a
first plurality of blocks of connected pixels, comprises the substeps of:
determining a skew angle and orientation in the first image;
deskewing the first image according to the skew angle and orientation;
30 removing horizontal lines from the first image;
removing vertical lines from the first image;
smoothing the first image to produce the first plurality of blocks of
connected pixels.

6. The method of claim 5, further comprising the steps of:
35 distinctly identifying each of the first plurality of blocks; and
determining for each block a data classification.
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pi xel s, by: i) determ ning a skew angle and orientation in the first
I mage; 11) deskewi ng the first inage according to the skew angle and
orfentation; iii) renovi ng horizontal lines fromthe first inage; iv)

renoving vertical lines from PfII’St . a) normal i zi ng the
first image by adding _terrpora' rg,_éggﬁaiﬁg%#lat the top and bottom of

the i mage; Ryoogmadept ating theflf | rstre C) r unl pewgtsssmsmpt hi ng
the first image using a runle ted to convert broken

vertical |ine segverm\%mea@dcotrmamunmhmntﬁeedtepomefmggamast ohje first set of
I dentifying vertiic & .58 g less than a nmaxi mum hei ght; e)
renovi ng the Y %{1 i bp

vert in segnents by converti,n er s [ n
the vertical line segnéﬂlemﬁr‘?ga’e% ‘F’)°fg/df‘6’?zﬁ‘?ﬁﬂ ﬁéﬁ

back [err]; and gko a cef@0id #Pdackiotigeriselected/blbck. mage by renpvi ng the
tenporary hori zontal lines; v) snoot hi ng the fi rst image to produce the

first plurglity of QtFiﬁﬂ'I?!H ?‘qnﬁ Ieast one second
set of veclors am)ng se 0 es 0 e sea lu{j SB?‘ bl ocks
wherein a second vect o#eﬁme& trqlg of £aCHR é‘ﬁl st P 9e8?erbqeg&gg
descri bes a skew mdedlmmaemntmrd/memhtseheﬂedthlmkshl p between the two

bl ocks; conparing the at | east one first set of vectors to the at | east one

second set of vecigrfhd Meiidedl disitnh 7, WhereaRch vedtofitdh ?nkesaamaﬂhehndem
and, 31 re&gonslve to the at |east one first set of vectors bei ng sim

ar to the at e e second set of vect ors, appl ying the user defined
zones of the first inmage to the second A nethod for

aut omat i cdPly i derl0i fThermethod, of claim 5 ‘Hi‘erGg'b?he@é‘FH pideterpining 3 skew.angle

i mage cor r espgidlbriéntation i the ﬁk'sttnnagé further chmiprised thostepsiof a first imge
and conpensating for skew gng ﬂP@kﬁt@tﬁ eqﬁﬁ,ogl ldr fBlbéksf eSpect
to the first inmage, coiprisi| t steps of : |fy { 1 mage
a first plurality of bﬂ&ﬂm 6%? H‘ﬁﬁm F&bB@F{‘@ﬂ g
first set of vect dieigltramdpa sddtlgt ed ones of the f| rst pI urality of bl ocks,
wherein a fgi rst vectorqg,s{;gﬁ 28 0itid BooRS 138 bldcks habingerhdiph 2id Dhaaite

descri bes "a skew and. di I nvariant relationshi'p between the two
bl ocks; identifyi nyithi prrdeterrined fR8R% o second plurality of bl ocks of
connect ed pixels by: for each valid block, determining a block skew angle and orientation;

determining an orientation of a majority of the valid blocks; and
averaging the block skew angles of the valid blocks. '

~

-

20 11. The method of claim 5, wherein the step of removing horizontal lines
from the first image further comprises the steps of:
runlength smoothing the first image using a runlength parameter
selected to convert broken horizontal line segments into continuous
horizontal line segments;
25 identifying horizontal line segments having less than a2 maximum
height; and
removing the identified horizontal line segments by converting set
pixels in the horizontal line segments to unset pixels.

12. The method of claim 5, wherein the step of removing vertical lines from
30 the first image further comprises the steps of:
normalizing the first image by adding temporary horizontal lines at
the top and bottom of the image;
rotating the first image 90°;
runlength smoothing the first image using a runlength parameter

35 selected to convert broken vertical line segments into continuous vertical
: » /
line segments;
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segnenting the image into a plurality of segments of substantially equal

area; determ ning for each segnent., _an average area for the blocks in the

segnent; selecting in each segnen lgee—isgeiks having an area
approxi mately equal to the{@aye asBEENtie bl ocks in the segnent; and
defining at | east one first @@p[chDrs anping the sel ected bl ocks;

: S_anong selectednﬂﬂmﬁﬁﬂmnhe
second plurality of bl ocks mhereln a second vector between any two of the
second plurality of bidentifyingsvertisalsline segaments bavingjesscthana maximumnt
rel ationshi p bet gghg;he two bl ocks; conparing the at |east one first set

of vectors to th I stablish a degyee
of simlarity th?ﬁ‘g'{)o‘*‘\%ﬁe% ?&gg%%g?%‘g ﬁﬂ%b tccrtg%g?n%ﬁ%t ?nglgtmgée
of vectors b¥frHgakling segmenys o, unset pixelss one second set of vectors,

appl yi ng She userrotiutirigthe firstiasage fba&hgocf ahdt i mage to the second i mage.

e Qscﬁa”FEL?LgW ge%%‘) 8 o AR bk bl eie

the second inmage with respect to the flrst i mge, conprising the steps of:
snoot hi ng t+mr+TTsT—Tﬂng—rU—produce bl'ocks of connected pixels;

i dentifying ge a first plurality of blocks fromthe bl ocks
of connect ec’l“!!il ﬂﬂiw ‘L‘ g-a first set of vectors anong sel ected ones of
the first pl ¢l s, wherein a first vector be ny two of
the first plurality of blocks describes a skew and di spl acm‘&shéethBym‘

rel ati onship between the two bl ocks; snpbothing the second

snoot hed bl ocks of connected pixels; identifying in the sec

second plurality of blocks fromthe snoothed bl ocks of conn ed plxels in
the second image; defining a second set of vectors anong sel ected ones of
the second plurality of blocks wherein a second vector between any two of
the second plurality of blocks describes a skew and di spl acenent invari ant
rel ati onship between the two bl ocks; conparing the first set of vectors to
the second set of vectors to determ ne a percentage of the first set of
vectors that are simlar to the second set of vectors; and, . responsive
to the percentage being greater than a predeterm ned threshold, identifying
the second inmage as matching the first image.



