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| MPROVEMENTS | N ELECTRONI C DOCUMENT ANALYSI S The

present invention relates to inprovenents in
webk@cwromnd c docunment anal ysis. Mre particul ar PgT/SG2005/000423

enbodi nents of the invention provide apparatus for and

a method of determning a characteristic of a block

segnment in the electronic docunent. Alternative

enbodi nents relate to deternining whether first and

second bl ock segnments within the el ectronic docunent

' ' rn. _Enbodi ments of

o ARl G ERER  R s A LR R T of

anal ysi ng docunent |ayouts and extracting infornmation

fromel ectronic docunents. Wth recent vast advances
Thie presentpuyantion sel aten tainimwo veneankmiol edepirosic document dnalygis. More

of, ipf ormat.l,on i s .created and exchanged
paffRatdTF ST iy it BBl AP R A F sthod of
deddarniginy DRSSt tiapP b blakiseftent $itHe Asctivhid RafdenVVAl@imative
mgnd, the wi despread, use of HTM. have enabl ed text o
em@gdimepireleietorietesmining whethenfisghandetegonst bloek pegmentrgwithin the
. i . e |

e g6 80t B SRR e R e
inveypa@sprosidglapparasis fesandrmdthydswif analy¥ing dpaghers 1Ay@wtsraadu

conmands, the styl nd size of a docunment and its
ex %%Hgﬁ?nﬁﬁﬁl’téo%?fﬁc%%%& fWEneH%e headi ng) can easily

be changed to be presented in bold and enl arged font,

so as to differentiate the title fromthe main body of
Witheseperjt iyastiadvaires fregrmpute aad infemitecknodogibs a vegblerss volime of

. ' > Lnto electroni c docunments wth.headers i

G R el A R RE S H PG B P Ot IS Bl s

Ward prdvessifes gptichtiorisaeh bs Miadpd Wdrapaldshanddaplea®lise of
can pbe conpleted with just_a few clicks of th

hi
HT B emahleaton Yapymems frassBomied ohvarisi el syiss eadifospats
Ele%&&ﬁb ?éx% doglﬁflerﬁg(%@g{?%nﬁr fihgled éA ?ﬁgﬁ ]g@ﬁ]éiiafe& ﬁsﬁ[lg lg#@ il font |

e differentiate presentin ormer in ‘
typem stylesosizes arghyouitsy Véidipasid femgmeinecdmmandd, theestylo bhadisize of a

Al though. the sane text .informatjon can be presented i
ol H{Y SRR LTS s SeilPohe et e oob Rarnee to
be PréBaRed AR arfPéhlstbd Rin€Rb h@iPditRRntidthé Bfle #bnfiBE hhain body

text part or block by its style and/or |ayout. The

of texsyip e drcumeph s clurther exomupive tablasepn be pnsstted éte blectronic
[ ' | -1
e A

mefged aginagai spamhitgxbelhidulBoftBREah Be ab@YRtedWith 1G0A fdWe clicks
er . in single aor nultiple columms.

tgr esent efd Igi t{} . A
of e BTHENPE &P ay BuingRigscatation famsts ara lse prsvibieokorexemple, a
field AR add/REFlu BB R diflERATRE] O pieSenting the former in bold font, or

simply by separating the two with a colon. Although the same text information can be

presented in a variety of styles in a single electronic document, a human reader can
differentiate the function of each text part or block by its style and/or layout. The layout
of a particular document may reproduce the style of a technical journal, a report, or a
newspaper report etc. each of which typically consist of paragraphs of text with a
heading above. Text can be presented either in single or multiple columns. A
document’s layout may also be of table-form or data sheet types, where information is
presented with field labels on one side and its field values on the other. In the case of

tables, field labels are presented either at the top or side (or both), with the
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presented with field |labels on one side and its field
values on the other. In the case of tables, field
wo adwaloz0ar e presented either at the top or si deCT/862005/000423

both), with thecorrespondi ng val ues displayed in rows

or columms. Each value in a table cell constitutes a

text block, and several field values may share the

sane | abel . Considerable efflorts have been made in the
art of documant Iayout analysis in attenpts to anal yse

d d
corfppitRg R arg I Rars L RaRS TR VHykdEs SRR S

coftsPiitBNSteRf blb&X tand tberal qel®eiluésangy sgromhdsamefatiehe
docunent, the |ogical order of text blocks within the

docunent, correct |ocation _of at able within the
Cong (&?ﬁﬁg gt%%t% h%%—ehﬁeﬁg %ggﬁe?rfé é@sﬂaéﬁm%ﬁ%%yﬁg&t%gglgﬁg in attempts
to @n’allj&;lelﬂﬁ Iagout ditectiurahdomdpoyition o therdceseniigeluding analysing,

Forcikarmgtes s TPEBAL SRS (6 L6 coe g eding Refse Sh G o cument,
theblbgfag SEFBS bﬁfc}(ﬁ &xthinMhe "c‘loéxrﬁ&ﬁ%d’rfe%t fo'éﬁlfdri &My tabi@Rwithin

e, a text block wth a font size significantly
thd «h:cgmuenttdﬁcaﬂ‘hte lseme os singitar eha ysiegan bfaqurm ogﬂaﬂ@nent images

st ant,i al | across.th of
as B an fomepe aSiiing ExbOBobied 8 GrlRbooB g afticttions. I
thlg REANER) blobirdAi€ dodurhénté afel oFiels birdleh dosndh®ptktyteockisnindedetident
font”and/or to the left of another text bl ock i

blaeksagmensy of texiovith 8 PR fUnchon oS £RARPIE: 4 10t blealawﬁg a font

o S 16 R 9RO BRI G g PRI Mot

toff dfthel ﬁmba@ of Beddcutnlent ksayoany Wal\l! davesthy finmioniof aslocument title.
i ncl udi ng beln

h , |
G B 020 0
58166t deadifh G e Rt R tyld féﬁdﬁl@ 'léf@ﬁo-ﬁ@l‘ii dn@)t@plto -Bdttom), may

ectroni ¢ text docunents can ﬁ¥ vari ed
ve@omlhbm §elddabal amgletherlaﬁmréaﬁmgtltwésamat feld veusnText blocks can

B SRR PRSI IS4 g b, o

lab¥RgREd Vise, @Hblél@éaﬁeﬁk&leaélljeﬂ:ven vvhol e books or
encycl opaedl as to nane but a few. The docunent | ayout

can also vary greatly, even for the sane type of
JFEdIL o) Eh?gh?}ﬁvarfeﬁnt
Fug[ﬁ‘g}lljgl%q{)ﬁ%at%nug agfraﬁg C% urmse)gﬂsée G%rem?ﬁéﬂtgypes of
Dcfauﬁﬁﬁﬂs tcad fange §oyd shoutstext, inslectronis mal, bnié¢tishodré porstings, news

t %?b eg @ Ci(r)P-‘,‘gm ) Veniqn?glﬁof V\Déﬁ)ég%g%%gwhé}g&vggmagazmes or

joulRAls, %ﬂfeeérmvh&@meks &O&ié?ﬁeﬁa?ed% tHhaKE Bt MBle ddSument
styling options. The difficulty in analysin

laydut camealto vagy greadly ivgh rﬁyc the p@n@l@m of dogumecnt® ?Fble defumpents can
d1f?er 1n Font gfzg,tfa r*%tI sltillteythg tl~') ota %2ithis used or the types of presentation

style used, such as journal style or tables. The invention of word processing tools has
enabled the production of heterogeneous (i.e. non-uniform) layout documents by
providing numerous styling options. The difficulty in analysing a document is thus

highly dependent on the complexity and predictability of the layout.

Document layout analysis is an important part of an automated document extraction

system, especially when the layout of the document is heterogeneous. Embodiments of
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Docunent | ayout analysis is an inportant part of an
aut omat ed docunent extraction system especially when

wo b@7lozpout of the docunent is heterogeneous. PCT/SG2005/000423
Enbodi nents ofthe present invention are related inter
alia to two aspects of docunent anal ysis: docunent
| ayout anal ysis and docunent information extraction.
Docunent |ayout analysis is3concerned primrily with
i mge processing and consequently is applied primrily

but not o clusiv 10 i e .data. |nf Qroaf |
thegieee By GHOR ST MR P A s PP QRAROED Rnatysis:
dodmm%uﬂ%@@% Shdo@isetRebimaidneaimtie. and deal s
mainly with the character codes used to represent
electronlc text. The techniques disclosed herein may

DoffnSIBLRNE AL @l AIGHIRNS S0l ERLEH ARLA greooed

of “paper COpi es°s anne

cor@&@mﬂ? is dPphed Pombaly et BorexvhusiveFptoniatape data'l']n&'dﬁ‘matlon
(Tagged | nage, Fil e, Format) and subsequent| ocessed
extpaction i qogeerBed prmpEy mﬁﬁ%’g alilaggngedHOtSEHBRANNIEEHAB

"
g Sl S RGO R At v T
techiqhes discdssed hstehnﬂadbchenplowe@ pq)lagﬂyemuhﬂcumenﬁe Icteated aady

standard character i,hg .of text enbo d
Prop o A AT AR S SHRG RECHEhge TogFRample, PDF (PHable
Dob:AdhttHopRal by THEN(Ta, géii ea gl Felel FORGAL) RA QﬁﬁédJMtls*%l’@je@sed
are applied to the anaIyS|s of text docunents ese

accoedingiafhe sechnignerdlisquaseddelvocessi ng techni ques such as
i mage pi xel/regi on quantisati on and/ or aggregation
based on a surroundi ng nei ghbourhood of pixels. The

A waisepitatdardfdy chosdbl srddipigie ASCED(Aanerien @axﬂanh@s@&eﬁbr

aut ononously fr he ot her el s of .an im
InfprmaRienilpter chagas) Ew&ia ResDsdlowrnpe g barefto any
sta%déxﬁf kﬁr&ét%nﬁodqﬁ§ Hl_ﬂ%ﬁf In e&ﬁmmeﬁfsrkﬁ‘ RS HrdBdnk kﬂ(/eﬁflon

cont en text content can exist with .
techmiqhesctha:tmmdm‘maﬁy configl torthe imageyprocessing domgin are apphed to

theiaRaAp ot Ao BoEDRo RS VBT Ry RE pio B Epaucs
suchas ‘fm@% ﬁ1§@l/r€@6ﬂ§ﬁant@atﬁ’c§rﬁarﬂ!/ @C?%iﬁoﬁb@@d bR ¥GuMbilting

tical Character Recognition erfornmed on

virbangeofmissels. The goncent efiray togatise pw&kre@pnépﬁ@rprw@d
auto%gguszl)g ﬁg@ttg% %tﬁc%h 1§1§1 %k éﬂﬁﬁﬁéﬁ‘llg Ev% @o@&%@ﬂpgﬁrot&smg
Tegtqlociiabes herefrefeh dlid?dtl@hfbaiocdﬁmnmemlﬁmsmfg p!hmeﬂillytdfeextual

was derived, hi t e, of the latter,
corﬁ?rggﬁbeo@é%@mﬁ@t SISt I%PZ?‘FS‘ JoGHERAS G TWRES floin 7y gtive
texﬁ 85 Rlent! ﬁﬁhﬁﬁ?@ﬁchﬁdln§ as dplafn ASEE dochfteft) 3n AIEIRRe ASdntents

ormat docune ]
were originally written. In the case of the former, a pre-processing step involving

Optical Character Recognition (OCR) is performed on the image text (e.g. in the TIFF
format or other pure image formats such as bitmap, JPEG, GIF and PNG) to recreate as
accurately as possible the ASCII equivalent of the original document from which the
image was derived. In the case of the latter, a pre-processing step involving conversion
of the native format document (i.e. TIFF, etc.) into a common ASCII format document
is performed. In both cases, it is expected that any font and layout styling that may exist
in the original document is extracted together with the ASCII text.
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is perforned. Li both cases, it is expected that any

font and | ayout styling that nmay exist in the original
waolo@manento i s extracted together with the ASCl | PEESG2085/000423

known al gorithm for segnentation of an electronic

docunent into block segnents is disclosed in "Table

Structure Recognl tion Based on Robust Bl ock

Segnmentation" by T.G Kieni figer, Proceedings of SPIE,

Vol . 3305, Docunent Recognltlon V, pp. 22-32, 1998.

A PE B B oiuon St B e OB Bd Bt sen
d1sélﬂséﬂf1nt“|1§bl@®u%ﬁhﬁé R%tgﬁnﬁ)h@tssd 6h RobasModk @eg@{eatalubn” by
é‘gcally results in the block segnments 12 and

p@@gmvé’mceeﬂagxw‘eSPIE biolp3i &) Rycumenidivsogritien Vpp 22-32,
R Rt e S B

do@ﬁadny S}ttﬁactsol (paricieisst thdwatdeialidaa khdets dfiFégure 1a and 1b typically
el ectronjcally to determine the correct reading qQrder
resfs ingheRlock segmants Hegnd; lrisenpsily el HowavarHky margpg the document

extﬁa%%'wtiﬁ n?ﬁup%a%gnﬁf&!ﬁ%t erl that gt@h@% b pBsiid fb%@rﬁ)lilm

én section titles and sectio ttrl
dodvairat hyauichnabisises p(o&esg the Sbyosiana furfher nibcmdcdlll;n tq ldB’ud:fmme

respectl (el A co robl em arise eart o
theigraRy aradizs St o6 R iiefomda b ireatents as
blobmé%ﬁﬂ@ﬁg P1).16%14GHt éﬁhﬁéﬂﬁsﬁﬁ)dtﬂeéxh&cﬁb@hﬂe&ind“s@&mn‘é bhY .

papers, and so on. Typically such systems

st edsels ool values (o en SPlessionh o Ll THMEY Eoperbolyhy out
type and the inplenmenting algoerithmnmnust "learn"” the
| ayout type prior to analysing any further or "new

A cdatnrepioblent frides GOthe @A DT beAlydis 65ddduenapiswonirdng dcsmam

set of rmnually createdd I n-specific rulesfor e
dep@n«é@é infprragiomm e ap Hpsein &v”%@@ ﬁe hemisih dreabpapsss, an o on.
I&pgu%hg stép§§1%‘ifﬁf@ff)llot{r?1 g?:'é( g%@%ﬁ&?ﬁ& td e%kﬂ?}é%[out type and

ment IS Is In"Figure 2
the pmnpteamﬂﬁ@ algaktﬁsn st ifleant” thedayestt gitpe prieptcdhalysthg any further

or 55 Bogi RS o7 GO LS EAARES LG B S MR reated
dorRhigQpbdiRBYulBEfoR 3ich dldks b roﬁﬁgn't 14y@ﬁt ?ﬁ@@tbdie']ﬂh@le(ﬁ.or mat
as is known in the art. exanple of a product for -

pr eparl ng t he docunent is the PD\N pr ogram comerci al ly

An %%5& % s&%tgﬁqtfp n-‘g 8|d§ orerrlre '{)ﬁﬂtﬁ%&%ﬁ%ﬁ&ms is illustrated in

Figetpd. \I&ieqm@cegé 20 hkey ddcaxienmmtgem it, st@ﬁmarmb@ﬁodeysea them at
associ at ed font and | ae/out styling as appl [ (fad Wit hin
step 2% kP BePyeihe d Qf%’@ oiRdntertal giectygeispitee foptls deemtm,

perRiisah B AS@i(Itt ﬁﬂﬁaté forfiidt A %owhhﬁth%scg Ante&¥hp W a
It's assocl ate sty ng may on be approxi nmations Pot

protihaifor preparingithe dscunmens stbeRD VY fpr@lrgml cominteatiplbn gvailabloTRm

PDI? eI%%Psl ﬂ&.ei'nalysis of text documents may then be performed on the ASCII

equivalent of their text content, accompanied by any associated font and layout styling

as applied within each original document when it was written. Where the original text
content is an image, the ASCII text and its associated styling may only be
approximations of their true values on account of any limitations in OCR techniques.
Image text documents ai‘e first converted to their equivalent ASCII representation via
OCR software, while native text documents have their equivalent ASCII representation

extracted via text conversion software. In either case each piece of ASCII text is
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| mage text docunents are first converted to their

equi val ent ASCI| representation via OCR software,
wobire7mad | ve text docunments have their equi vaPEnsG2005/000423

ASCI | representation extracted via text conversion

software. In either case each piece of ASCII text

i sacconpanied by its styling informati on and page

coordi nates within the origi*nal docunment. A bl ock

segnent ati on algorithn126 such as that of Kieninger

ment i oned abo pses the ele s aof .a_page.o
acoDepige s o G TBERE B! RBEe FRATEe A Sapd e
doQﬁ&%” differentiation step 30 takes training docunents

or

and domai n specific tenplates 28 to assist in the
anal ysis of the docunent. Finally, a

ck- att .but eval.ue | abel | i 32 associ ates the
A elovepienlati pfROPHER ot i Bl o KPR Tar R8! o
&hﬁ%ﬁ&ttﬁe clepRatsdFadiake oLk doturhénttii® Hlosksdf bwmebee n
pent in the area of analysis of docunents of a

Subﬂ@ﬁ%@ﬁe@bbck diffarentigtion step 38 Jekes binipa decumpanshanddemein
spegﬁicaiel%%%lte% Rt0 0558k gllxen%le%yf Eg[tﬂcncﬁ)c‘aﬁleﬂ@ ?“?ﬂ[aéll)}lrg% ?lldt:k Gifbute-

appfr oxi nately prédi t er ogeneous
valdetibeling Stepri dshadateytho atributyowithitise vedtesdondd inettle blocks of
restricted to a pre-defined formatting rule. Exanples
ef’H’I‘mﬁormgeneous | ayout docunents include technical
journals and business letters. Technical journals are

considered rel atively uniformlayout docunents since
Cotsidsralale effostpn tad fﬁe;ld &g been sperd inthetanen efnatisissxfydoeuments of a

nogpSeRelarag: hdgesaranriRhi P bR Bp Rkl

guidelgie oM viRbss uaryohaéam‘wa@tdmﬁ@tely@rembwﬂl Metesdgehemg ladt
forrmttl ng rules gal de business-. letter witi

dOW@!@l’fSo?g@ fhose svhosg Byeutds aetrrenfised airesiistsdde agre- g@ﬁf}?&r i d
ol B 0PSO AP0S4 SR ASamic jouma
and BusinesiatdisnGschmil jdusﬂufl;s ara chnsmletrbd rel&th&lssmﬁ&rmdgﬁ)@n d
varying in,an un bl e fashi on Aco S uch
dodgrahiasines TenerdRtigaily SRR oo o WPo‘i"h]?ﬂPP SR hutea
abs‘ﬁ%ﬁty h@ﬂl&oﬂﬁ&%ﬁcongéﬁng UPJ‘h@a’&ﬁ@irﬁ d far. a?m{ gl FHfd by the

ection of docunments known "as l\/hterl s Saf ety Data
bodShwEh sinfilB s matimDS imilerlyd styling ané fororttingyuley guide business-
|nfornat|on about the safety and properties of a

letteh Wi B&1, prepared by the nanufacturers of the
chem cal. As these docunents are prepared by different
chem cal manufacturers fromal| around . the world,

Heterogeneous layout documents can consist of a hybrid of mforma’uon presentation
components, such as horizontal tables, vertical tables, forms, paragraph text, headings
and lists, all within the same page and varying in an unpredictable fashion. A corpus of
such documents can contain similar information but in varying layouts. One such
example is the worldwide collection of documents known as Materials Safety Data
Sheets (MSDS). MSDS are documents containing information about the safety and
properties of a chemical, prepared by the manufacturers of the chemical. As these
documents are prepared by different chemical manufacturers from all around the world,
little can be done to control the layout and format of these documents. The Globally
Harmonized System for the Classification and Labelling of Chemicals (GHS)

standardization committee within the United Nations represents the most
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little can be done to control the |layout and format of
t hese docunents. The d obally Harnoni zed System for

wo b@7@r@ssi fi cati on and Label | ing of Chem cal sPCIE5$)005/000423
standardi zation committee within the United Nations
represents the nostconprehensive attenpt at providing
gui deli nes on what information a MSDS shoul d contain.
However, the standard's objéctive is to achieve
conpl eteness and correctness of information within an

MBDS, not to achieve uniformty in how exactly that
compyelensine aAmpEatiRso Heing pudslineyon whntdnfasmaton A MSIyR sheuld

cobl PUTRRE, L HRERYSORG A0 ABHER. frlh LS Y s
of inifbrimavie withinerat Mg XS, oot torsehieBOSnifamatydh mew. exlaptly that |,

. the realj I s that_even those rys of _an haf.

infR o GHOH ST e HG* CUAVEITE BHCE DR ARILAGP SULA Fiefons and

theft Rk ﬁ_}é]y% QBhdtarft ABlosy All MEISS, tBE ORI QEHERHS will Qary greatly
exenmplify further, the |ayout of one NMSDS docunent ma

fronoorsi MED8fto andithérplnafapip thezsalitalis thabtwsnitheseparts o5 ey MSADS that

sect.ions, while an e . 4:St of h [ .. bot
ha e vt R e R 8 R el R A abross
prodaterd TU'EXE%gﬁﬁyﬁl@iﬁBﬁ itied 1a9dut @fbie MSDS dedunichibhes.coldis of

| ayout  of DS information is, thus free-forned

: : : , _and no, .
multiple herigontsh tablestorma i sevsral seqjions, grilgemngthes mayegpsist of hybrids
' h_i.nf ' .. Or
of B Yl M SR 2R GRETIL 80 skl S yod SR R B onty
verhiagidhides The hayalityiNMSDS idformagen isdyoufrecdfocmad rangd noUS
. .6,336,124 to A et.al discloses a conputer ..
int R B 00 IS GRS PIrGerA RSB o fiogyln order t
autb PRt the SfRtiod 6f ficH AebiRBts, | dbydtel hifbRAbIAWRAHAle the analysis
format. This docunent discloses locating data in the
of divpnge lagoetidoevmentyr oupi ng i nto one or nore internediate
format blocks in an internmedi ate format docunent and
converting the internediate format docunent to the
USw 3o t24fto at@h eflodisgiodes dson@uidd émpleirented dhethed dOromserting a

bl ocks. However, the system.di S%J osed by this dﬁlcurrent
doquenegh NG P fyantda 3 dgsurpenyin p dHfent onitt &orgrat. This document
disgl%ge%.rlg&ﬁﬂgﬁéﬁ it %HbutUoc &&{ggr'&héingfinﬁ RAB bk flR&IRGmediate
onai ns. I's IS ‘because ants sysStem does not
foratat Blogits ih en detreradiate famat desnwnatndemvedingdbaintermediate

se nted bl ocks. In the case of .a heterogeneous
forR ) LG AN B PO SR g it o BT et blocks.
HobeQ&K fhe GHAGH AFscRisbEBY k08 Gocucht BNinkbead brakay Wgeduirddhe
out put docunment page width could result in associated

dogyaants aftheteeogengtusdieuner deavarentsmsiuaantifipatedideraaing elhis is
bec%ﬁgehAB}nhg gystem does not attempt to determine any associations between

segmented blocks. In the case of a heterogeneous layout document where the logical
flow of the text blocks changes directions, a significant change in the output document
page width could result in associated pairs of text blocks no longer being placed beside

each other.

A typical known process for analysis of a homogeneous layout document is illustrated
in Figure 3. The process takes documents of homogeneous or non-heterogeneous layout
and pre-processes them at step 42 in a fashion as described above in relation to Figure 2.

The steps of 46 and 50 are also similar to that of Figure 2. In this system, however, the
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A typical known process for analysis of a honpbgeneous

| ayout docunent is illustrated in Figure 3. The
w@r@cAm®1d akes docunents of honpgeneous or PCT/SG2005/000423

non- het er ogeneous | ayout and pre-processes them at

step 42 in a fashion as descri bed above in relation to

Figure 2. The steps of 46 and 50 are also simlar to

that of Figure 2. In this s@stenl however, theuser

nmust specify a text file at step 48 containing a |ist

of fields o ich theJ,user..w shes, t | B .
wsel bl e e 5 S SR D A A B rgins
the dRRSithrAto &ftadt RRiratiok.OTRAIleck digfeRintighors@eiBhtiSesaatcthis

extracts the relevant information to format ste

52.
poing, corepare the Heckesenmpatsisad gxHacts (herelekantanfermation tg E%‘W gfestep
for the required analysis of heterogeneous docunents
"and/ or donmi n-i ndependent al gorithns for determ ning
automatically the correct |layout or to extract

_relevant_information fromthese docu ts. I.t is at.
Hithegiey theamhai; R 1Y SHBLUAIRRIES PTVISa i fedsatifed analisis of

| hetéfﬁé&ﬁ%ﬁ@@o&ﬁle té%g&g_ﬁoﬁﬁﬁ-&ﬁ EHSl SrithRO W RMShnBiiBe
erl

I'nvention Is ned in the independent clains.
autGoaticaly efiecared: lpattor és exsfact hadevantisderingtion fienidesened

i n the dependent .clains. . Enbodinents of the inventi
docfiegly KSRy SPLRbT e RO e ORI Reapn B fileome
the BYav@SHcROL S I6lWAGyRemBar act eri stic of a bl ock segnent

with reference to its surroundi ng region or

nei ghbour hood in the docunent, the overall |ayout of

t 11, il r.elev j
e e s R S e
invérepnoie défineddn tHealebbmizkt clegnent and wi t hout t he

provi sion of |learning tenplates or training exanples.

As such, the algorithmfor perform ng the disclosed
EmbS& R AUWIShd RivERIRI Ao W ERRRRAIHo caehts RESe dihaih BfilebERIent.

l'earning or training exanples. O her enbodi nents of
By tteblishingre ¢haracteristoomblogk isegmoént yothetanense ¢ its surrounding

hetero eous layput to b erfor T .
regsn AeRoAT G ond SHBe fodrSnr JRE PLep T Bilon (RBE dogument i
irrefbBCAHd R aly8iE @8 tHetAd s epRichBanhe perfolged @ithuéspedt to he

bl ock segnents or detecting one or nore r_e,gi_og?ﬁ W.th

locylissd kegienypronnd the plack saementand wishns theqredsipy ofiirerinsn
temﬁ%f%#&rgfagﬁﬁ% ?}Iaa‘}x‘gﬁeé AR Shé E%ng%‘lf g&%@ffoﬁfﬁﬂg S closed

t'in a recog attern can be
tecliigeads dombinrisdepeddent amhdoasdet reguire hermdog anteaitingiexemples.
with the uni formregi on nasked fromthe remi nder of
the process) can then be re-segnented and a further

Oth8 8mbBdilRnts®f the invention allow analysis of documents of heterogeneous

layout to be performed. These embodiments of the invention introduce the concept of
detecting recognisable patterns in the layout of the block segments or detecting one or
more regions with block segments in a uniform or substantially uniform layout. The
block segments are processed and those which are laid out in a recognisable pattern can
be processed first. The remainder of the document (i.e. with the uniform region masked
from the remainder of the process) can then be re-segmented and a further search for a

recognisable pattern in the documents can then be undertaken.
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recogni sabl e pattern in the docunents can then be

under t aken. Enbodi nents of the present invention wl|
woew7pbmodescri bed, by way of exanple only, andP@i/862005/000423

reference to the acconpanying draw ngs in which:

Figure 1 illustrates schematic exanpl es of docunent

segnmentation results produced by known bl ock

segnentation algorithns; Fifdure 2 is a flow chart

illustrating a process enpl oyed by existing bl ock

differentiation schenes applic bIe t Qcunen
Empedipmsnts ofgheipresinh lryﬁ@%% RN C@%Pi by vy %.ts FppRRie only;

by existing
andg\P%l('i:&ef%ﬂ #Jestfo ﬂ%%%tgl n scC gﬁ‘@ %%%ﬁ?‘}ga I e to docunents
Figuiet hillasthataoghematic e)taa;piw qof decgmert s¢gmsntatioh maulthproduced by

|II strating a fi rocess for analysis of an
?%?ﬁggnf‘gl@&?ﬁ@ »ai ni ng unanti ci pat ed donain
F1g111réf DB W eharFﬂﬂlyﬁa&n% a prb&ist bRy e8 8gRItAE bRRK AfffdrB@iation
docunment of Figure 1 when subjected to the bl ock

schemgnapplistbloo do cgmqntsm@ntﬁﬂmng dom@cwslﬁ@fdara, gure 4;

rate [ .
By e A
sch&heeaygﬂi@ama% go@ghdays witea hb@@gérﬁeoaﬁ ldyogyire 4; Fi gur e 7

is a flowhart illustrating one inplenentati

n
Figgiarbisisl Tk chart HIvpiatne Pl isePrasss &oraabisi st @8@?@“8‘?10 document
hgpatic diagramillustrating
Conlt:dl g%né? %%H% ﬁ%f?ngl cgl’ tenpl ate casting process
Flg\Atet 5111]111sﬂrh1:es seghentation kf tictdochuen-ofdligere d seleni sabjeotad to the
ocess of ure 4, Fiqure 9.1l usfrates an exanple
bloglf eﬂ%’l%‘%&ﬁ%ﬁ?ﬂﬁa@é@sﬁﬁﬁ he system Figure
Flg@n% 6 SerAdhsBiRIRIsBlefonadT sehdtic &handpl® dTVaESSshs 9h pim@inee
when operating on the sanple docunment of Figure 9;
characgams@cmengﬂn assigngd by thapresesapl Bigyre 4 sanpl e docunent
F1g§ oilﬁt cewcg)tra% h%s%ra?%géxgé;}mo@e%gﬁtgu&@ﬁf %e%ﬂto%@&l’% b%fte-value

opera

ass&diguﬁlapmb@sd@mgm&m of Figure 11 Figure 13 is an
exanpl e of a_sanpl e qutput of {he rocess of Figure

Figyeey @WCBWI%@IﬁWPWa&PgF%E tign9b Eisregica mplate
casﬁx%g}ro%ﬁs% v@ﬁ %I&eeﬁftg bRtk YiAb@e |a§§&1atf6h%&'6&ssl§f Figud

art TTIuUstrati ng a second process anal ySi s
Figofe @illustrates mmmﬂ@uﬁmmﬂploﬂowﬂmtt prggiepeondhd sptent;;

" Figure 10 is an example of an output of the process of Figure 4 when operating on the

sample document of Figure 9;

FigureAl 1 illustrates an example of a sample document page input to the system;
Figure 12 is an example of an output of the process of Figure 4 when operating on the
sample document of Figure 11;

Figure 13 is an example of a sample output of the process of Figure 4, whereby some
attributes of the sample document of Figure 9 are specified via a template;

Figure 14 is a flow chart illustrating a second process for analysis of an electronic
document of a heterogeneous layout;

Figure 15 is a flow chart illustrating a process in which features of the processes of
Figures 4 and 14 are used in conjunction;

Figure 16 is a sequence of schematic diagrams illustrating the process of Figure 15;

Figure 17 illustrates two possible attribute label to attribute value association templates;



10

15

20

25

30

Figure 15 is a flow chart illustrating a process in

whi ch features of the processes of Figures 4 and 14
W@e@7/0%®d0 i n conj unction; Figure 16 is a sequePCESG1005/000423

schematic diagrams illustrating the process of Figure

15; Figure 17 illustrates two possible attribute | abe

to attri bute val ue associ ation tenplates; Figure 18

illustrates a segnent of a page from a docunent of

het er ogeneous | ayout and a problemarising fromthe

application of the process of Figure 4 to the text
Figgeegi®aHustratesqugegnient pfa page dipien dacusrent of betaragenepua fpyansand

i trati t : i . .
ool Bt GR B sB BRI DB BFESE eamens
Figltedl9ri€ a 58&jueht@uf &h2Ratis dibjanis ikustrfihg thaf resultiofapphyig e

het er ogeneous |?¥OUt consi sting of se

| par.ate
progesB PEFigres> aneppliss e thewame PRI SERCH <|>ﬁa Kagwe 18 gure 2 1

Fi g{.lfgéy%‘) i %?ﬁ %gaxﬁﬁl%g}f:fl aedogﬁmﬁntq;?‘ﬁh‘t%f‘dgenéguls hgJoRt CLRNERY S separate

ypi ca a technical journal, “consisting of
tablkefathgsl tablds pathdgnapiryfiexs;; Figure 22 is a third

. | f d f hete | .
el YRR MR e e )
teclﬂﬁéa@%tﬁ‘ﬂﬁ, ElstinE bHERI 3 ahd paraf@ph tdkiexanpl e of a

docufrent of heterogeneous |ayout presented in plain
Figte®2 inatthird exanhple 06 e decuniang of keleropendong layput eompsising these

and tabl.es without boundar ines; Figure 24 is a
colpmps, ﬁO’é%@}ﬁ% % fi&gg%l%% r?e??#aﬂgftgﬁtét er ogeneous | ayout
FighfeSI3e8 haBurth bxhngsle bf 5 @6duntent bfhaapasmioas hysetspredehted in plain
section headi ngs being to the right of the bo>% [ ngt e?d )
texpwithiittieformeting moggsungsef tlleforgnsand taglgnpthoysboundary lines;

Figfl RCIANE I 3 e){%glﬁ)?%w 8?% H‘(chlgﬁ:n{ S irogdnldBud 1@&@&'&&%&% with each

el'ng presen section I n separate boxes
secioglinsepagtd boxkes, thosquties berdingsbeingedo itwaightiof theeboxdnstead of at
an exanple of a hardware systemfor inplenentation of
theddodi ment's of the invention; and Figure 27 is a block

Figfltea0/ 8 Msith 'é)‘éérﬁﬁlteio@ﬂoélﬂx@en@ 6f heraogertboadialyBet, tHeGnftmation
enbodi ment of the present invention. Referring to

beifig gresentel with oneli sectioninrepataistbopeoanssusinglists tofaesshhi ned
.fanaL sis of an electronic docurment will now be
lncg“ggag Moed. Steps 62 to 66 are simlar to the

Figafy 765iS A rdimflesifaitirdiese syshed falimptendntatidnatfieodotimentseo!
the invention; and
Figure 27 is a block diagram illustrating the software architecture of an embodiment of

the present invention.

Referring to Figure 4 a domain-independent process for fine-grained analysis of an

electronic document will now be described.

Steps 62 to 66 are similar to the 'correspondjng steps described above in relation to the
prior art processes of Figures 2 and 3. The pre-processing step 64 may comprise the step

of normalising all the common electronic document formats into a single common

| format without any loss of the coordinate and font information that is related to all the

text content. For example, various non-PDF file formats, such as Microsoft Word,

HTML and ASCII text may be converted to PDF format files, which are then each
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prior art processes of Figures 2 and 3. The
pre-processing step 64 may conprise the step of
woororaldose ng all the comon el ectroni ¢ docunmeneCT/e6IME/800423
into a single conmon format without any |oss of the
coordi nate and font information that is related to al
the text. content. For exanple, various non-PDF file
formats, such as Mcrosoft ord, HTM. and ASCI| text
may be converted to PDF format files, which are then
heo Xt _for Q
corf AT B ehBRrll foRebE Kb iR SRR g 8RB AEco-

ordir@t[Hs 2he Ecﬂit—@élateﬁfm)ﬂ’oﬂmhﬂuﬁm ThEhRm@@éﬁﬁéd BiodR $eBmeststion step 68
ep 68 identifjes possihle boundari

msnt atlon
lde@ mpﬁﬂv éJ?P“‘Bfiaél@R betwpsa texs lacksy |T21§ UBAereERg Praesss tﬁét is
s
repbARERE Sl Gy SAIRTSS FEAIRI kel n R teffogbonbiff
1depmﬁm1®svw"lﬂ1hn protées wiXins theaCanstiaiBed Bhockeipgertativn steptodp

68 i nvol v stenatl ally te h and evyer ;
VBB RBMAERLY AR f5ah anl Fuers Blach Pl OpAdaeS [ Barticular
ordEneig lr'écfu?r@él eaﬂche@&&ﬁﬁlﬁgmfﬂge blbdk i %ﬂfehﬂy K11%;§edwﬁm LigRdk b its

algne Wlt either of its nel ourlng cks to its
neiglgfouring bloickshio; its Ibftior right; ii i h@l@mnsallor\ﬁéfleﬂamﬁsanemﬁlghbouﬂng
1o RS e Pbs Hnfetforsty BBTE SRIP Ol TR aRl e a0 ©

neightd@king Blo\dk isi‘iWﬂthnhhﬁSﬁtﬂH d'ettﬁalt arﬁ&ionaﬁﬁiah&lﬁﬂaﬁéast(détenn1ned
di stances (determ ned statistically ¥ step 68 via an
statisticallyahy SempS ¥ am ipit] saref all biagks) and ifjbhasithesangget of

primiftbve QftriRitbhd i 1'tsV i Mtiduk BYEE Serfiin bic% ?a@ Vﬁ Yhe @%ﬂl Ble of which

certarn exception-cases, one exanp given
is giventit meffollbwmgqgr@alﬁgr Hfahy cutként bh)pk aod fite mei ghb@mklyﬂdck

s o g Rt B SRt ol o Gl b Bomblie
bloSI0WREE bghd o die pam%s%lﬁhdmen%%gkﬂ €ofifbige R ih ahs1BaHock,

been tagged for merger w th anot bl ock, the sane
thesage tegiviabieiis usede @theDwiser whewe Unigue tag is grepieted oW hpw all blocks

ha {g%{ ﬁstt%% gr tagggd %Jﬂ; %? gwléé & Qﬁ\f)iﬂocﬁg ?l{]atr{%lgstflee Qan%{ tag%%grged

shari

: mtd'&fnﬁﬁﬁﬂt Blooks: qmiB@dnE&alhécDBkﬁ:k S‘é@mﬁaﬁsﬂ stap 68 deddl cuddtes the

int oS RARE G HRAFR PO D RGP TG NGNE  SRUEAY P Rl GisHares and
the qgﬁ& %ﬁ&tﬁ%tﬁ 18 fﬁﬁfﬁ%r%o 851%’(%@&1&%9 Frirded "Phd @Bﬁgﬁ%{ned

conposi S are e Constral ned Block
BloSk @Bgner&amcamtqt €% al38 daflests tltkedraamtagion tod thor pagat dtéadnthefnumber

det e ts t he .n rocesses
of GobiiumBrocEBr Sueny SHPLE Peksth of oAt Driar B ER R then
perfffls tHe1REaindes ffBbmbteld) SR8 Midfhed int6 Bkt BRICRE 5f inRE$n a
and lines into text blocks of interest in a page. The

pageoHat CenstraiediBeck mtﬂt@ms@@ oSrappliesa sqgpranéation algorithm

‘thats p6rg Al gtmo%] ﬁag&%ﬁﬂeﬁ set of text blocks 12, 16 than those produced by prior

art algorithms such as Kieninger’s mentioned above and as illustrated in Figure 1. That
is to say, whereas prior art segmentation algorithms commonly perform block

segmentation based primarily on horizontal overlap and vertical closeness of words on a

~ page with simple consideration of font style, font size and capitalisation, the procéss of

Figure 4 imposes stricter constraints by disallowing merging of blocks with any
different properties or primitive attributes, such as font styles, font size, different casing

patterns, underlining, special punctuation marks, etc. A typical result is illustrated in
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that produces a nore fragnmented set of text bl ocks 12,

16 than those produced by prior art algorithnms such as
waee@niomger ' s nmentioned above and as il ustrat BAI/BG2005/000423

Figure 1. That is to say, whereas prior art

segnentation algorithnms comonly perform bl ock

segment ati on based prinmari Ily on horizontal overlap and

vertical closeness of wordsilon a page with sinple

consi deration of font style, font size and

. capjtaljsatio r,ocess. of Fi

FigGes which SRoraiih s o B G BRst e Rkt BB R Hpogitgn 68

ope¥iting cAie Shntd &t@bes o@ﬁ@&ﬁﬁéﬂt@ﬁlu@&at@d i Wigineel . s holu] @,
such as font styles, font size, different casing

resyjtstaremoss fragreretdd thamélosgb@@%m@eﬁttt uati on marks, etc.
A typical result is illustrated inFigure 5 which shows
the result of the Constrai ned Bl ock Segnentation

Forakk@@pie} iy widh efaradd tod igire Shcaltaogh &ﬁetlﬁcaoicﬁablﬁnes under the

docunents illustrated in_ Figure 1. shown,
sectienshpveqiogpdl spiee betwgre Al dhely \N%ismgg Hng st %eam@ﬁfsd into

twoalfl%%ks a3 IEhet &LEor BB WhtCBaIra%?g ‘gnfh% “t’oat’%hé%ﬁc?oﬁqlhysmal

e |nd|V|dua ' nes under the section have
Forno) mggestp achange lire fowetion gige frdvelabelvorabie, withliPhysieal iForm

beii s e adond peige e Asmdfet SpEaR HpSpfe
sechid fil9 «4 ll‘%ﬁ&fd%\/[@asﬁf@n sl éﬂnefl’eéﬁca"s laQBparB @16&%&@9@6 is set in
to value, with "Physical Form being the |abel and

bold mh@ig itleg teﬂ@dy@gentw@d\bglqy@s g H}W@@SS @&@gmeél cgnp however,
1nc]]ug C%%,% n}%ce t1on Cc'o%%ﬂo%g e¥éb§’| for ﬁxag{éﬁg‘tabg‘béj Qg%lﬂoqﬁontal

as a Sep ara cause | set
spabigg (Bemhdeh ewd Blecksddes aldj: pﬁ:@éﬂt nadrderb et short tSXﬁ‘rﬂbcks'ﬂfemall font

process of Figure 4 ¢ ¢l ude cert
are Bllowp iodﬂef%ﬂ’étgtﬂf?ﬁ?ém\&ﬁ Bipn gfocl&lg Hhgpre very close to, and
app QQX B QY5 AG8ub! %Eﬂl}g’c@@ tMheINRG] PG RELPRE FipRrd aoﬁiéssectlon

es not” prevent rger; or short text blocks of smal
nunﬁbmf 9éimestﬂl degmentet @s mepgmma tlbclpwish gt segtiomititde) PHUSICAL

Bl R OB B3 B BB B ppen

 the BVEUIMEs RIecdubSar® 8EdehBO Béb@b@épplﬁd that & nSifdetib &€ gBIatiCthore

as a comon block with the section title "PHYSI CAL AND
meqiEfilaaefirddprrRTphebetio ekt tring tan en siandajone hlgplgdiven with

sucﬁI %}r(clzez ?18111 @(I)ndgtﬁﬁls S \9@8%’1 VEIE‘GSU%I% a s-ggfrénﬂaﬁoﬁ) ?lg@#f‘h?n %Ch will

ron case is a neric stri
proﬂﬁce[mﬂi EverBRNA @@ﬁiﬂca@ﬁlﬁﬁ‘loxeﬂagmerﬁeﬂ sdt pheelaeblockd thanh pnor art

string than as _a standal one bl . th such .
algeuytmst Tsningiepg dragmsntating i it Dok b et g Lftrained
BlotE Q%ﬂ&@aﬁ&m rfiRn! 4 ?"d\éﬂka%ﬁb W kide meagpse&m%kt@a\éﬁa@a@p 70

a si IcantTy nore tTragnmented set of text bl ocks
to prénaent fext ieloclaraf diffeyong grimigive Tharastadstiza Sasdvifll eggrpitized forther

belovrs}) %rgr)ﬁtbepnlg%gége tro%gtlljlgre %vh%)r/e 1mpeort%1:?1{1 1n%ormaﬁon would be lost.

Next the process applies the Block Feature Extraction Step 72 and Auto-Block Attribute
Differentiation and Labelling 74 (which performs an Auto-Block Attribute-Value
association as will be described below), collectively known as the Fine Grain Block
Differentiation step 70. Step 70 analyses each text block for their function types and

classifies themi into potential blocks of attributes or value blocks. This step also
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Bl ock Segnmentation algorithm68 is desirable for the

Bl ock Feature Extraction step 70 to prevent text
whb@ckood differing primtive characteristi csSPCESG05/D00423

be expl ai ned further below from being nerged

toget her, where inportant information would be |ost.

Next the process applies the Bl ock Feature Extraction

Step 72 and Auto-Block Attrlbute Differentiation and

Label ling 74 (which perforns an Auto-Bl ock

Attribute-Val ue association as will, be _described. .
perfpanog asseeiptiercef the individeahblogks inie ppirsf ‘%"iﬁs GOBPHHRE potential

I ff i At iy ep 70 anal yses each text
atmgilgc‘%i‘feggraht%ﬁlgﬁgcg%ﬁg?%gﬁtFtﬁ{ipes and cl assifies them

into potential blocks of attributes or . val ue bl ocks.

This step al soperfor an associatio f t.he,. .
The; e Fenfae THPAGIRA TR 07 P ALBI 1o ORIt tiES in g to essien
va.riB'gst ﬁﬁ'&hitﬁ/je ARUSHIRN Sra¥ahditiBald Gan8ldakl tefilocki g@utite UBach

78.” The Bl ock Feature Extraction step 72 uses a )
chamgetessticindintes b bilwkerghentistpotential ogepresans anyrrmberiod different

rimtjive or. Low|evel characteristi t '
oo ik o S B LB 6 S G gy
docBhesK TRE §8E BF AStaPBloeR tit@ibutcoVaep asedidticari takestike cafdidate
di fferent abstract block types that hunﬁm r eader
textynbasl oo the el fete dfaeliamtiom A 1 GFSAhet ifgRe oF more

The ﬁég - aRAA 7 YBleHB oA RS PialiA! 8. FacH fogical
gen?ré%lé)gfct%ﬁtggﬁjér% |%§§lcllaloot%§xt rgeg?%fsoﬁlr oren}ét he Bl 6ck F_eatcur &
temfaty @picsans s tizfindtRedogicalgstisthatieanes ntiche proper reading sequence

as.w ed bel

ic |oqical | ates, [ d i b
o G0 S STG3L A STRL L 25, L P SR LRGaDEL Bi o

abstrad? Bﬁ)%ﬁ'{‘%}:e 18 rBirsdehngs ity fealiR@i seGhenR@Thel Ji8dest Ea08S rediirsively
the proper reading sequence for a region of text
the tfiioken combiontian ¢fhstitwe ehgrast logls tings tafspreaentylees el

nmore than one. abstract bl oc i . Tepr | DGahdSin
docjignfs ﬁ@ai%%?ﬁi &R P%ﬁ%énpaggg'eé%&egé;% ausgaéld%gictg’?%&v%rp? the ©
datd GtRIcRRE Y QBRtefating B sefies dfsécuirsive ediBpasitivins bif iflrntatives

to represent alnpst all docunents as a |l ogi caLl tree of ¢
wherehyothesinghnirunoofitheses branches gHtmiqunetrEngly spial g banshig ©
- SEY i [epk ¥the
1nfog%%%‘%r§ :;I:h:é g%féhg?tﬁﬁrfe %I%ﬁ%nt% I on (Ahwé?lgeb}%%tﬁdﬁgﬁ%ﬁeg{qgﬁiér unk
congfosition of ak éts mardiatessubtiranahes I tlor esmsixih gf losledgneantation on

docﬁ%&gﬁ%& g fOEf-‘:f (g)l:?or rg{)‘a]it/l':’)ﬂ}ogg%a-g’ee ‘If(\?lfgﬁ rg%?ttfileg rﬂi(?fr ity 1en ox%gation

trecCRMRRL b br@fichdl tephdsentindBYB4Y, B Lsebtibhsyt alﬁ&&tﬁ:&meht\%dgaﬁand :

context of block segnentation on_docunents, the whole
subeboquant htahphegaeprasentiag sdnsscientuntilcyentpelhisipgle pyogds/characters

i nformmtion free. owi n_brane -
T Y PP S0
we Bafé-t €hRe Bivo Rbanehispey Spmesieibutenmddtsbrabeqbi vaiseshrivith

eventual | y single_ words/ cha{ act er
recursion, the value can itself have a sub-value (or sub-values), whereupon the former

-

becomes the attribute to the latter's value. Within the context of attribute-value block
pairs, some possible logical paths represented by these generic logical templates would
include: reading strictly from lefi-to-right; reading top-to-bottom for each pair but left-
to-right between pairs; reading top-to-multiple bottoms (i.e. one-dimensional tables);
and, reading both top-to-multiple bottoms and left-to-multiple rights (i.e. two-
dimensional tablés). Examples of attribute-value pairs include the literal association of a

field label with its value, as well as the abstract association of: a section with a section
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represent the smallest units of information at the
term nating branches of the tree.) Here, we refer to
W0 b@se7tom abstract types as an attribute and PCEHSGHI05/@00423
(or values). Wth recursion, the value can itself ‘have
a sub-val ue (or sub-val ues), whereupon the fornmer
beconmes the attribute to the latter's value. Wthin
the context of attribute-valldle bl ock pairs, sone
possible | ogi cal paths represented by these generic

it . 50 gt DUIRR KRR (EgRE I TbETR Yo (B BAK gegtiomse: o
hof R Wi ind A APA o F AT fodOfod OTIBHL R e

nenS|ona tabl e ‘and, reading

| rednotig tespblodk atihe bpiten bbivsimgen dlthegh text bridcks meelsed

i ght di | tabl
exlgpy it i e CEpsPPSH: AL RIBGESE R 15t BF Aoy rage e, for
ex@thpld afvaBleth1bab&in vM ainhnﬂagébl\é@lk B8d thRSs¥idtindJatidlBlock is a text

abstract association of” a section with a sectiontit]|e
captiog abont the imags. Bersverptheaolcs gatt of qoupsetteareyesgidoml that it is the
e i,an tit r
im %egbzlrg%l? \ﬁ/BlC 18 Hﬁ?@oegéﬁ ﬁl%q‘.% t c? t&c;n x%yﬁlchzi ﬁllgglglgl ﬂe tlgmggﬁ%y is

to p@ahe 6b3‘6btt\h1t1i Bfeatce Qatidtiongad 1y tvamleo&ka afantisd t@@tcmmanalred
Al t hough text bl ocks are_ used extenS| vely

wi{f]'_ﬁ? ‘ilﬂ’éalé’g'gwf&@s%ﬁq GoidgRprepent apY BReBS &S Ware natwal a5 Iaéﬂdfalue
peit 0 (B I6nE ot e LB Pl el Aatfchl O AR o

paltagmph@lﬁteadhout t he i mage. Hovvever the rol es can of
course be reversed so that it is the inage bl ock which
is the | abel and the text caption which is the val ue.

Fighh€6 kBaelen sdledtontoT shéimatib %x&ﬁbl@@ bf et RrighGRtie brimitive
variations as the value. So standard text caption-

chagagterestiofinensth agrignaddy the Bﬂqyng@swr@ Ratraction stepr Bpil &g Biack
Fe?f é}&lea%ﬁoﬁ 3 eggg@ e{g%tfﬂ'gtadlo ch%rzic % 1c§ %&?ié)gg%r I’t% é’}ﬁ'rét?ext

he sane Wou case for a
bldek Inethe fThistchted embpaifraet, dgput pﬁrah&kdrs toAihg bicek @hadaolesistic

sel ection of schema%l c exierrpl es of the variations in

extgacign {1lg areH BIOREHY Pt e ifEstHockigemenand auapeiy ¢lferesion of the
ele@ﬂr&lﬁg a6&ahaH: &n &r’ﬁ}crh‘%ﬁé HRDLRER Beghtfent E‘%GQE&’ %aﬁ‘gﬁ’%stgf?he

traction step applies a firs char a stic
prc@)etty af thedirstrhlbek clmra;;tdnstls arettha( fortb stzc lof taxh wtithén the block

r at ed, enbodi ut para rs.tg.the, b
seanf JoPEY FgptEe aice pLcie et SHEEE § paing Bl fiffative
of funkGdn bfm@ bl SR BRBNEbR TS pres@it OREI ThE bpéty €0the fegddn dftBe
el ectroni ¢ docunent in which the flrst bl ock segnent

dogugneng émwhish the firsp blosk seemans C@rlé peithgdignede aseeend block

seafp @ [ AMATHEIR i fufl Bethlo MU HroPAEicBlnd il Yot or o
a pagoedyel or aﬂt&iah,efs of the @ntdnfgofndeoond biodk sepinhén@ within the region.

In embodiments of the process, the two inputs to the first block characteristic extraction

rule comprise a relative comparison of the properties; e.g. comparison of font size of
two block segments in the region. As such, it will be seen that, in embodiments of the
process of Figure 4, execution of the first block characteristic returns a result of
differences in the first block’s own representation, and/or a neighbouring (second)
block’s representation, or even the representation of the intervening space between the
two blocks. In Figure 6, the process of Figure 4 determines a characteristic of the first
block segment (e.g. block segment 80a, 80b, 80c etc) by setting a “L-likelihood”
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of function of the block as a label) is present, etc.
The property of the region of the docunent in which
wo b@707ese bl ock segment coul d be the di st anceP€DS&2005/000423
second bl ock segnment (i.e. a nmeasure of a distance
between the first and second bl ock segnents) or to a
page edge, or an analysis 9 the contents of a second
bl ock segnent within the region. In enbodi nents of the
process the two inputs to the first block
t oM@nt
e Lts s f ' GARHARY: RSO ISR N cpen
conffahz& field tbely Ithmﬁarmagﬂee 11V dikielihadd& refery tonhe deansittive i t

likelhopd tBaihe S blpCk SREBER o RapH re e e prgnle SRR .
illudtfated hOW the E&%éﬂcte o?h 1£Pgélf LR Patife béﬂwesh tIkH kil

own representation, and/or a nei ghbouring (second)
secdniddtickssegmpnis $6a and Bchauefrs the pipceysef Fagra 4a inpreass therL-

iR B SR PR B RS G 4B PABRE o s

blokNREREAISE, ga%b ¢ -BkeliHded b blotk B2 e&elste@immbngléexgtmmbﬁhk
segnent 8

5 80b, 80c etc ttin .
chmwnstn@dthmbdﬁrebb@%wwe |°§ﬁ’erf§§fe‘? 1ok gpepeats that i, the L-
11ke§§ pa&%ﬁétx Eot BSIF% egg{%ﬁt ﬂhﬁg rddd€ed. ' §ﬁ1b9!ilﬁ%t§cﬁgﬁ@ﬁbcess

PriEESTy 1 par anet er It kelih
followingrdsteimiriation cheabidck aegment ISDk il likebotd hdvallabclf(élefh« hbﬂlhood
bl ock _segnent i a field value. The ex I Ne Fi
is insgeased), fA€ pERCESS tg?, t 38 ORSequence o bl ik W6 Block

I érhétsf £ihe d block
segﬂggxgtgﬁfg %F&]ﬁ B EI! %@é@%é’ﬁ 1WRERoddsur ofthd second bloc

nents 80a and 82a calses the process
segmENtFH2g s wistdtas 1t| inBkelagke terend blpglesaemsatiSais drigdusy nokigure

|
o, 0B SO ARy AL i
to tﬁt?—%oc@fs bEFigupkd REr&Lngiia &faablookl’sdf hkéh-’ﬂooﬂl aramotetarivath ©
L-11i kel i hood {;ararreter of the r st

consagmémg ingrgage ip ghe H&eLh?qée%lﬁ%E?alSB%P ?FE?%(F Ll&f"jé et =3
InH %g?%gtthg Elg)cl%ss 1581%5'5%§ the 11 ﬁ%%g ggfagﬁe‘fer(lff ﬁrﬁ%l&l@s@gﬁémt 80c

termnatlont egnment Oa is
as itsitéotliy bbld beFiguteaak it i€ tlie@rd:semd«d]al trrolhinz ¢alon (Ld cleargeier)in the

th det e
texta b oo on ) G Re eeian tus Thp &€ B R en e 1 rSbs
Valééj(ﬁ‘%ﬁéjblokf@ Sith-d ddeRkshbrmsh ipafeadsah Elie thHehﬁo@cBQzﬂﬁéioﬁilO@k&d

segnent 82a is raised as it is Ilkeg%/ t he secgnd bl 1?hck
In Rigge®atit Mhe plssenceef ajbrgerﬁhanrrg@dléns icglisppging Retween the two

tex ‘tﬁg ?ﬁ §6t tﬁ?rlh %%s%shﬁse ]t_,(if;fttelﬂil ﬁ'et loWe?B#% 'E_?(gg@fgdug&bhl

eads ess 0 igure

FighR@reiass thg rdplesehtation bOte texs o£blolck GDf incoldrgeattizzmemedian font
wWth a correspondlg(g increase_in the V-likelihood

sizethat cssesithe Lildkelhoadeidhe uppes Olockdg ReRPOKSDL. | n Fi gure

6c, the process increases the L-Ilikelihood paraneter
of first block segnent 80c
The block features are recognised and extracted using known techniques familiar to

those skilled in the art. Discrete pieces of text extracted from the original document (&,g,
into the PDW data format) contain information that indicates if the fragment of text is
bold/underlined/italicised, the font style/size it uses and the character components that

make up the fragment.
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as its text in bold. In Figure 6d, it is the presence
of atrailing colon (:) character in the text of first
whbeck7®egnment 80d that | eads to the process tBCT/SG2005/000423

increase the L-1ikelihood value of the block with a
corresponding increase in the V-1ikelihood val ue of

bl ock 82d. hi Figure 6e, it is the absence of a

| ar ger -t han- medi an verti cal 18paci ng between the two

text bl ocks 84e, 86e that causes the L-1ikelihood of

the I ower bl ock tq be reduced. In Figyre 6 it is th
Varigpy etheriBlack B?ﬁl‘fgqeoﬁ?ﬁ@cp%&ful@mby be Rncggfx? erI the selection of rules

i ) . . _ ,
RISl b SR, D e
chdigesin frivaitive elracteristiectrgngth edmbitd éx tletauhimd thisovegall L-

. 0 t Magues. familiar, to those skilled in the art.

gl R abd S iediE0 e p ARl T o T ot e P g,

of REVIBEIN L W8 8b clbdHi ah{éheRIMicdah ehef 21 1HBE the R IRKHR increment or
information that indicates if the fragnent of text is

dedsernatin dearpiterésdicistrangthireessnmensled oy i ffereyt dpel characteristic
uses_and ract C t U e .

xR ENEs GleGARe T Sha BRI RER A bRl RN Een B A e

oth@Byulxecat hevsle thealed iffhense Fee bk anplef the ptaxesd pytbcb gnibethat
applicable to any text block in a docunent nay have

thermesepoqiasealoniadhe Hash Slackisperpentpreyides chriieratsessmanf ef

e . l:
BRI RERLAT L SR SR Ut okl el o
blook segmenth stithalbat of anothef bleck seginenhdn etnbodiments ofithe inviestion the

clear to.anyone,skilled in the art .that. t he sjze of
proph Trenenismotel v bloc fetiene) S abuielS bR LB R 4 1
probe6iBRBEed rBiMtedivhdEbEREs 41d0 6Ksueh 2¢ha Gk Bicnsé the second block

extraction rules can be varied, so that sone rul es can

segmgnehes anttherrgelt of e firshleckpharacteristie exiragtion rulers pensequently
LR . FQr . I
sl SRS TP P Qe BAR e SREARIR088 bk spamens
bl ock segnent provides a better assessnment of whether
the bl ock segnent is a |abel, than a _conparison of .
By gnkying e ulesio fesalised gt of st PP @%@Gﬁ% Featira Fctraction
ste]lfa hats AbreRRO E@ﬁfca@ﬂe‘% K118 SRt 1ayodt ﬁg@@%&%ﬁﬁsces Qf dohtien-
nvention t process recognises that If two bl ock
indspepdemdesnod fend éh #td riginartf ar apart, then the
probability they are related may be | ess and, as such,
the influence the second bl ock segnment has on the

FighfSPiifus@ited HBodsibl&impleMeltati b b PGk Q& BlSckeXxtBetVaiue
rule is consequently less; that is the influence

Asspgiation stepdér BFpRRding arhige degiead irveplpietiniosvhiel hetsugeyt 90 from

Bl R T BB IR O O LU TR e el R b5l Woted
froinsthé betfof teat Bloakyplol teednlalysédartd 4t thie puiie ah atbityaytbléckixegment in

and realises a donpi ni.ndependenc )
the document can ge chosen.% logical tgmplate wi?l typically specify a minor axis and a

major axis that together describe the path to be followed through all blocks in a region,

. as well as a finite sequence of abstract block types which is to be concurrently cycled

through (steps 106 — 110, with the sequence of blocks following the aforementioned
path) as the path is traced out. Following the pattern encoded by the template, the next
block (i.e. first block of the next row of minor-axis blocks) in the input set can be
determined (step 96) and the process is repeated (steps 98 — 104) until all blocks have
been analysed. In casting any block into part of the logical template (step 112), a
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not found in the prior art. Figure 7 illustrates a

possi bl e i npl enmentati on of the Auto-Bl ock
waeaioete- Val ue Associ ation step 74. Dependi nBCDRGL008000423

| ogical tenplate into which the output 90 from Bl ock

Feature Extraction step 72 of Figure 4 is to be cast,

a starting block is selectg? fromthe set of text

bl ocks to be anal ysed and this point an arbitrary

bl ock segnent in the docunent can be chosen. A |ogica

t. L.at.e W, | 0J cal if m :
oo B Glael¥BheRll BRER Y B BLARY oFficRaaphs
chax}fa_@ﬁeh@meﬂ deter@iigh b%ﬁ klieblkdrt)@ﬁthe g‘llisfﬂct Bge mqu\czzx_sp ﬂ;}mﬂ_ib cvasengly

Inite sequence of abstract CK types Ich IS to.

alige@.ﬂqwuhmlﬁpsk-@év%%i%@&ﬁ%&ﬁ@é%%@age meORE L
. } O i -t i
BRSBTS
the first abcicbypt bthe epplate s repdating ssquebtoisia figld ibek Extending the

bl oc f the . next row g 1 nor-axis bl.ocks) in th
exappffutt Beecnh buesirer fh HEl i By SetiR s b adisld
valleS tHef RE2dB6nd Bb&PR tBS pagelbdild ebhtribugtlits Wilikekisoddarneue (in the

been anal ysed. In cas?l ng any bl ock into tﬁart of the

secdnuigiasaithroughystent 198 for sperminor axishde this waprthapyalipg of the page’s

characteristjc is u . Lt
e D BB G BBl PRI 27 18 Sy B o
prirﬁi_lt’i?ﬁ @?ﬁb&t%ﬁiﬁc&w&% cﬁ‘]fb@,clE‘nbek tx{’iﬂ)ﬁn ':h:li: pafgq&. rB!y'\rtdn?/paaing dimcefitness

W e OCK. O TOr X e, e 11rs C I n
of puge e EPOINS (ftﬁfﬁ%n{ﬁ@ i ﬂ&‘ﬁiaﬁgk Jefrihethe we.
logl; oiplhal RTRl:RiRo RSl it Ihid 0P b dBARert MR bF wRpine

back épeabisirag asseqiatomseeniceded Witkindh¢ kigedal templase (Hsmgpreseated by the
exa ift

repEpE Rt ao e ons B vl SoBhe o FrABRER °

tranRb5d dnB prétRicRBAEhYBEpdt TIBWH the Wiugo-Bleck Attritusd-Vahed
value (in _the second pass_ through step 108 for sane

Assatiation step 3% of Figurer, forpny, doch@es aywt;tmenﬁwgﬁ?fgée s
fit to the logical tenplate is represented
quantitatively via the summati on of the rel evant

It will beclehivi® afvadoackidlet $1 the arthante pfocessodf Rigure ¥ wiilltemicounter

h . i he. f f f
st Oy A A AP LIS R dogFd JuBaltes WfAsLy the path
canfiRl 1R Joﬁti%@éﬁ?&?@dﬁ?ig&l@ﬁné itk St GRpredadde dridataih Sexd BidRs

expresse I n the page of a doCument. Final lﬁ/m’t by
whihdp inocdrdiodn with esprstatinos/ regiremientsios e legiceldeaplate: Foh

the | ogi.cal, tenpl ate (,as. represent ed. r j .
e N S R S
paifd oPFIR] 16B&]s e ¥4l e stdrigiedniing apis Orlite@d Lias-virisping (iputvithout

118 of the Auto-Block Attribute-Value Associ %l on ste

confinugionRinguthe ngxt Miger Fry 2B (hemaior ayisliend gpe number of text
blo8%2¥ ?otu%ﬁ%%'the current minor axis. Then an inconsistency arises whereby the
final text block on the current minor axis is identified as a field label, but has no
corresponding field value text block following it. To put it another way, the type
sequence loop encoded by the logical template is not completed for the current minor
axis. Under circumstances such as these, a penalty (step 104) can be imposed on the
logical template’s overall fitness by way of some deduction (either derived through a
formula or heuristic) from thé accumulated primitive characteristic ratings of all blocks

traversed so far.
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It will be clear to a person skilled in the art that

the process of Figure 4 will encounter situations
wabiore7ton@ci ng out the path described by the |pgi/e62005/000423

tenpl ate, whereby the path cannot be continued w t hout

i gnoring the absence or presence of certain text

bl ocks which do not conformw th

expect ati ons/ requirenments of’ the | ogical tenplate. For

exanpl e, consider the case where a |ogical tenplate

specifies that bl ocks nmust occur in pairs of field

‘label s and val ues along its mnor axis, wthout

[ L Xt

Fis 6 BRR Bk o SRR S0y 6!
AsdoetatiobsepKd cdiFégured tittough thkepplicationtof mlq:ﬁ}tO-aghtdogIWéﬁnplate

o G AR S A
by BRRRIFeatdtd EJ@@&&:&BQ sfe? rpepiRpeRE hotis@odirydind@lidoeaths Wherekn

following it. it another way, the t pe sequence

altelrlaﬁfm’e @ppw@enw aﬂq@cal eglate thad epfoaess 4 toprietotemplBttedisht

lab Qc 1% Iﬁa% qrg% a{ﬂpﬂ%{l t@g%%g?éj%ign 8% g%?ﬂnﬁgglgs;hgqﬁ F%&ﬁg@a In
Flghﬂag |8§%hd BE,nthb qhResoftie fahl L amkEY gy hgpeaivelyfremesmt the L-

tkqhbapd §84 By 141604 HESBEIHANIE B plopkidemipted by fhe characters
XX? g%ﬂiﬂ ésQ Oﬁﬂl% 'té}ﬁ’ﬁla@fls Beh chcﬁ&lﬁecd #ERVEE &BFbsDP the L- and

ure ows a schematic diagramillustrating
V- ltkehhm paraineteis Beford drduetingdnyepeagkios fartinganoss wiberMh@page

cocs 5 B SR B O e P oty & fhiging

frof@8é &n%fwlﬁ&éthetlb%giﬂ tSBAIARR lepddi & fihdBldRYNINARE quﬂe of
by Bl ock Feature traction step 72. Figure 8b s

Figuesrt, iteanibsgeen tgk téaﬁ&ogmé ﬁe@nﬁﬁteawf Fagura Ba jaca bektsr | %tatﬂiwéﬁhe

ool B3y P B S AR RO s

scotdj evislanke feﬁgilam oPfigire 8b ilaposek &ighs pemmltiesgur the Hinesd score By

ures 8a and e val ues of .the form
apnh@g%ga Peigpherg i athe ORMERS BB 1 FHgUS LR the ootect sding
seqierdeltt af %9&%1 g?%ﬁﬁﬁ{ ot FFHthik Rgn E@ﬂ&teﬁﬁﬁi@&by ﬁfe‘}irbéés@gf Figure
y the ar act The overall -fitness of
4. tenplate is then cal cul at ed fromthe scores of the L-
and V-1ikelihood paraneters, before deducting any
penal ties for instances where the page does not fit

Fightd 10 $Hd6sla8 it hiBlERITiISe Qftpit7s &t itta utoshiptiasteitute €.
bl ocks 118 are mi ssi ng fromthe points where the
€

dlfﬁemglutlehqm endigbelling ster pé of Figyrd 4 mirepithscalgyritbphaspeocessed an
1np§f(<§c;r T npé en}.ﬂl*ﬁreg b§ éhe{t EIIL%% %il %?g%?ef' b h&% thﬁitﬁ)njltqgé ﬁt%kess uses

extf&ﬁ'@ﬂl &tchruqﬁesFat @w&s&ﬁeps%&nﬂ%ﬂmm mfthé:argmhe dBeument of

i mposes four Ities on the fitness
FigurnJJQ uses colons to gift%rentlate between attributes and values. Figure 11 shows

another document where bold-fonts and spacing are used to indicate attributes and
values. Figure 12 shows its output from Fine Grain Block Differentiation step 70 after

processing.

If the user does not want to see all the possible list of associations, a template of
selected attributes can be provided, and the system provides a simple match of the

selected attributes with the corresponding values from its list of generic associations.
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score, while the tenplate of figure 8b inposes eight

penalties on the fitness score. By applying the
wo ogioaiold enpl ates to the docunent, an i nter prRCEEGTNNG/000423

of the correct readi ng sequence or at |east an

approxi mation of this can be determ ned by the process

of Figure 4. Figure 10 shows an exanple of the output

78 fromthe Auto-block attriSbute differentiati on and

| abel ing step 74 of Figure 4 when the al gorithm has

processed an input docunent exenplified by that

illustrated in Figure 9. At this point the process

[an: [ g I

A A LR YRS ol BBy P ot
of temphiie fteibatesitatmmtdheteloeted afitibuieh ands simmde vizh o€ matdhing sekected

1 shows _anot h docunent ere bol d-fon and. .spaci
s O IO SR VIR clag Rk o LROLD ApgRRasign.
FigSfeOMSshbdys af ekithblelot &8 duitff wlediatebRekoDthfatand fedltd i

step 70 after processing. If the user does not want to
systegegisit art npubdessinsnelikg 9.associ ations, a tenplate
of selected attributes can be provided, and the system

provides a sinple match of the selected attributes

Withi referdnide n6 @16 e Ui ngproedss € ahtlgsinistasidciisientodf hgtenegeneous
associ ations. Alternati vgl y. (not shqwn i ? Figure 4
layestiwill b desayiked:<l hearpeess BRSIBHItE REISIon 8T p dactpent 0§ o

hetél% %érgms?% 1%%@@1% rfb%%?oée@ﬁﬁ%fgﬁ% p &GhRfaab _tﬂgelt lﬂls@c?if%ed above

e step mat chi ected attributes from
in rthtion erffigateet. Wht ktepabligmvemion thIASKI text peotdinate dorrmat and
provi de an oyt put. Fiqure 13 .sh an_examl e of the.
Bl Sgncaifa A BP0 e B0 SPHY RS oT SR s Flgure 4.
system gi ven an input docunent |like Figure 9. Wth
reference now to Figure 14, a process for analysing a

Usigp thermerrdippicriafasmetiom sl thedypsiotblogh segmentiobtaingddy step 124,
e, RLO . he . A .

e e e

similaNfoRt sisd, lﬁ)ﬂ#&tylé end hﬂ%loséqﬁmihﬁ)@cto aheusother intl @miposit¢ blocks

Figure 4. The steps conversiop to ASCII| text .

usiRgh2 ROYORAYR APBFIRsE: Whet inpisent @e@ﬂr@ﬁ% ﬁl@rﬁpfzzﬁc rid tph e

B B P B o ot clade

infdrhmatikn sbigined by tibpracess dt step $24 Bylcicting theyproedss this way; a

g e g
SutRBghently,Gch® R cBesQiskdm tap-dRviDaHredthttd deteti W Dregidip 08 sdggented

bl ocks using a "bottom up" approach, Wat is neant b){
textblogksttha demensteaip pomae regulas petkap i fieir relative positions in me hod

step 128 and records each region to a prioritised list sorted by e.g. size of region. Bigger
or regular regions are processed first as smaller regions have a greater likelihood of

appearing regular only by coincidence.

The step of uniform region detection 128 is effected by scanning the segmented blocks
on a page for a recognisable pattern. In its most elementary form, the process operates
on a document containing first and second block segments and scans the document to
determine whether the first and second block segments are arranged in a recognisable
pattern. In'doing so, method step 128 cross-checks the arrangement of the first and

second block segment diagrams with a set of logical templates. In its most elementary
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bl ock segnents are built up (recursively conposited)

fromthe basic text coordinate information obtained by
wo b@7prmeess at step 124. By effecting the proR€FSGriF/800423

way, a collection of segnented text blocks for each

page of a docunent is created. Subsequently, the

process uses a top-down approach to detect all regions

of segmented text blocks th¥t denonstrate some regul ar

pattern in their relative positions in nmethod step 128

and records each region to a priqritised |]jst Sﬁgfe

d ..
formgythe sef. ofdegieal ¢gmplaig spmprsesist a9 speagditerpplategias Hiuspigd in
. fi l; [ a greater
Fi |%?2%%§§g365@%§%p§%§?ﬁg1?%%% anggﬁ yégg'coincidence.
The step of uniformregion detection 128 is effected

In (5 BRRTABEAD D REER OG5 & RO OP EMBHEIp ALERmeRF
bloagsocﬁlﬁa;&a[%@ gtgnatﬂﬁaﬁéo&[&, Hutl PEHAR If deRBiR) MdGhahiifyshg patebrns of

seco segnents and scans the docunent to
regullatier withie suhetgiers affeéodkis osta page Bequeetshhlse kntepdyersrit ock

care. arr ed .i.n g. r.ecogni sabl e. pat.tern. | i ,
aifiizpiiairrapennetsde HbEEne R ER el d R ot
diffetenfihited Aski IR ddl 0w B IR @R ErikBdAGI BB Heigrboess 8186 adds a
| ogical tenplates. In its nost elenentaryform the set
feeditack gigp dhat gﬁ@%b]@@é segrappsationdsr blogk feagrg oxlgrciqy n the process
. I q L Elauyr, j
g
reg@hboobaredhion thetfengionaless-diglosition ofiblcks) twejrEscrifedipocesses are

b1 f Ry DO Hentainn (§ heBe PR syhqesions of blocks

on 8 PQ%&I firsY WAk Qdoh SR BrsP ul-RGHnAS il ockwhid fdufd Sabhasegi ons
0 | ocks on a page. The process al so introduces a

diffetentiftiati heastebioat thendiffirentitéondthrasheld sanyrmjbgrspb-regions that

uant.itatjvely .b en.well< and.. iff. j

oo B S M B B L0 ek
to tRE BIoRR Seghhcnutidd &% biockeesthrctratit suiptofahd grosess] Blokk

segnmentation (or block feature extraction in the .
segpieBtaion opblopk géqm!e exiyaqtignpethen prdpinsd iy ¢ theagiggted regions

[ . .

o e DN PSRt LB Dyt
thoskesegtonb it haeqessdshadefeaditiation thagshbld. Srethicway theyfeedback

bl.ock differentiation to the st regul ar sub-regi,ons
loop s EpeRIcuTH oL BaGE TYePGE SHETE B e TRa g opapreeibid 6P an
invgﬁlf%}%t 8PP eQbd BloBRKS rbahb®Utkréuidh t &no longer subjected to

erenti"ati on neasure above the differentiation

thetthregtsidiest, andrijein difterentiabion segilinaccepiad. are found to
fail the threshold have their differentiation outcone

rejected and fed back to the bl ock segnentation or

RetfbA8K td 188 bricesseofiFi gt i1 msta@phficdtiéiteribatissts oBtiderocess

scan a plurality of segmented blocks within the document to determine whether the

document contains successive rows of blocks that contain the same number of blocks
and/or that form a grid-like pattern by their relative positions. When and if no such rows
can be found, the process may apply less stringent criteria whereby, for example, any of
the following criteria may be allowed for in the search for uniform regions: the first or
last rows may be allowed to contain fewer blocks; columns of irregular blocks across
candidate rows may be excluded from either end of each row; two consecutive rows

with no vertically-overlapping blocks may be merged to produce a row that forms a
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segnentation or block feature extraction is then

perfornmed only on the rejected regions and has the
w@oaogtriozd to produce different output val ues BUESG05/000423

the m ssing influence of those regions that have

passed the differentiation threshold. In this way the

f eedback loop is repeated until all regions eventually

satisfy the differentiation2® hreshold or an invari ant

set of rejected blocks is reached, whereupon they are

. ho longer subjected to the threshold test and thejr
highlfyFrd foemtriegion wvithracthird rew aets 8 griddike pattermip APTT§IEER: e

r.ocess, .of. Fi gur 4 r LoLi Cate |
soafiRE BRoIBe eatthg, Bt pel ot PRy b b SR Ao TSRS
logitfal fehipldtbieidivausanit dewrided sbovierie relbgdhierthé precessof fegre 4, to
contains successive rows_of bJocks th tlgg%g.t@iln.t e
1 =

detyanies HhivbermaR s SRSt O thiReegt Fiadso
des@ﬁﬁi@ﬁ)ﬁhglyb adel Wh?r?ﬁtﬁi ff‘ﬁ‘%@%éés"s 'fods rer%&ﬁ rafRFoind 1Q8ut, scores
y

such rows can be tound, t process apply less$
wilbbe adigdns acandidaté segidnehedtnyscahoed i dzngoive  withiy 1t gfemoheirate

following criterja ..be .allowed for,jn t sear.ch .
unifmiisr s A PP ishel S Sectes® 4 e bR Pl ks in
whith!|a@WE6Lis Qrif@NERh Rof@WWehre Pefe kS alfplkd ﬂBﬁz&ﬁall?fWE]Q tdspéct to

bl ocks across candi date rows maybe excl uded from

theiilefh er rightcedgé, os Hsir hagiwontelvmid-paisécney besqosekhighlynCaaversely,

Jvertical lLy-overl appi ng bl d
wit S B BE PR Ry s Pfuele SFollR: bl RpteE
perlaltWis @kocigte@iitl-the decddiiatd @3 wisic b noefibr fidwell,rihe logical
scanni ng the bl ock segnents, the process %p lies an

template gppliods Pughersscoring ghablessy JueRiRtive @qnggrg q éﬁfpwg @mity of

i i : o of
cac BbALS Dol B B S ar thalfaf AR Sl o
tentpimted) st ovefdll Best Hir tetnplate egriendatetniihesickghis Way dyicslcalating the

descr.i bed. further belaw.. Wien and if t rocess. fi pd
SCORE e ST ALALGE PP B (BTG Sahry 1 P atia g ooy e any
otheAndt-datised @irifoPgidees. scanned if the rows within it
denonstrate uniformty. Areas of exceptional

uniformty, such as a grid-like pattern of blocks in

which al.l b Kk it hj | I |
ro TSR T LB BT o
usek igiter@tdein, e syshemn prdveedszo mdifiérentiale firi tattdlovky absiep 130 to

scored highly. Conversely,.wth any rel axat.ion of
sepafatg @Pib@eﬁa Hkelgo @@Fﬁ?ﬁ%%@bél@qla‘é%% é%{f hpgikeat represent
attfistfté @%\‘IE&U §ho gse?-%@ﬁigéd/ 1idtDFARTOGE RiRE tadthe pldgesaBsdabMered
r OWs Ich do not fit, or fit well, the I ogical
in 4 empykatiecnahppy bedistor®ddh mensuyof iy demitelupsn avhich the algorithm is

uantitative ranking of the uniform.t f h, r eqi

expieg; Dddrosss HERS B BontmSu b idican BinsR BRogkobrably
detb@nifedidBAllielytoWe 1bPIfah&SontéhteoPME bRIck sB@fént imhdtch, either

tenpl ate can ‘be deternmined in this vva)é by cal cul ati ng
wheWp or partially, an entry in the list of user-defined attribute labels. Block segment
pairs matching the template of, say, one of the templates of Figure 17, one of which is
known to be a label, can then be assumed to be a label-value pair. These pairs are then
masked from further processing of the document. The process then determines whether
further segmentation and uniform region detection is required at step 134 before
remitting the remainder of the document (less the masked regions) for re-segmentation

at step 126.
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scores and then determ ning which |ogical tenplate

score is the highest or satisfying any other
was@r/oawio ned criteria for fitness. For each cheSGz&000423

bl ock region, and with reference to the list of field

| abel s that the user is interested in, the system

proceeds to differentiate Pe' text blocks at step 130

to separate the blocks Iikély to represent attribute

| abels fromthose likely to represent attribute

al u ser dy 44l t t
To g fpttEBis QRIS prdtBy 1 el 1B b o R R P2
requited] £durhherlﬁmé§tym9§r bé hpplléd\/]? loame mmb\ndamse:smgh‘tm quantitative

algarithmi hen. st or [

fitngps R hp déﬁferpagﬁé)g\%%gfgnge q for pgq(p? Cagﬁ@e{g rg@gﬁém % scored in the
ﬁtn&?%ﬁ? %}i %éptéé)@oﬂq% aﬁrﬁt 86iné 8fRdréhitation BiRehOl TRE Block

egment ei ther wholly or
diffgrantidtmhlstep 180 assdciates qeprtam@tnengths tsf eagh dext dédok il matches

<ﬁﬂf‘2§y&a’a§i‘ Sy in e T SR kR sl Tap b BpbpIEaf how

this Y4 B%fdo\ﬁe '1§fﬂ)r ife ;{frﬁéﬁéﬁ‘ td shibéach ehithof thedan 18 h@ithacore. This
assuned ab val ue pair. These pairs are then

scongasfkests arrwsrsmenmfrwlp%@leessatwgs amopg thedabelsrisapost gppmonly
usecga%gseff‘ Ofc%]?ern (s Aeher SorVWﬁEH Slhel Ul B le Op%?&{fﬁpél% Jcootﬂat‘,ch

P &g on ection is required at ste
textdf barsute oBlub blddls hﬂftbsd aendinabarelidfle tridqacamrs ufrebloc(c b@gg an

t he masked regions) for.re at ste 1 To
atrbgoha. 1RECHE] BRORTgh e E CBE FP ARG RO ed 1 e
labé'l%ngﬁ&@%gﬁ}t Pt e @5@@{.126 is required, a nurrber of

tes maybe app |eé

These incl ude assessing t he
quantitative fltness of the differentiation perforned

for each_can and .as. s [ 3
The RPFRE 6! EEORCY? SR RS SRR b Sl L Fiies 162 o L6m
thatté FRHLHIIRERM &W@Sﬁé@ﬂﬁl@ugﬂlﬁe M@Cdf sthipk flee cigi 850,462, 154
step 130 associates certain stren t%gﬁash tex

andibiagicto 149afl hqatqs:n@sasvglaﬁ tihy seqre &mm abgl}
hkeé Eoodjﬁ;agrgmgt% FReRb L 'te%(:t %(%ﬁﬁ?}n%tcﬁ%?{actﬁna eraRs 2k IBQVYn

one 1's € process to pair each entry
embfdirh&es bf gk pi&%ssgnthdwscaresfooﬂm colild be sat do &1°t. @he puoicssseassigns

the St Loy BB LR B S Iel B AL g tiigod Bt r

'thog@%mbéa@ Shat Qﬁiéﬁrhi’a@choﬁaﬁéltm@lﬁe Bt 9861 hdBdcehe dfaxl,, (g. “0”

att ut e val ue bl'ocks and so are not as reliable o
as thevdliocla semnsent fs wnlikelyd bbeilahpl,dnut assign peaoee PR (.4 “17) to the

score fromth t

v-iielioa (Y b £ ahfP g var Bosble oo B Bipdifratch

anyQh®Kin 8 BstIrS6CERS i9fo skl dH lethbbdira@is bfibe @rcﬁ:@ssr dffRigure 14, all
range in the exanples of Figures 16a to 16

labels in the list 156 are assigned the same score, and text blocks that exactly match a
single label in the list 156 are highly likely to be field labels, text blocks that only
partially match a single label are moderately likely to be field labels, and text blocks
that do not match any labels are highly unlikely to be field labels and thus highly likely

to represent field values.

Figure 16a shows a sample segment of text 170 from a page of an MSDS document. A
human reader may be able to determine the correct reading sequence for data in the

sample text segment 170 can be segmented lo gically into label-value pairs 172a,b,
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that are used to illustrate a few cycles through the
| oop of steps 146, 148, 150, 152, 154 and back to 146.
wab@7prmeess assi gns the score Lnigh (likely tBCBGZ005/000423

| abel) to the Llikelihood paraneter for those text

bl ocks that match exactly a label in the list 156. In
enbodi nents of the process, the score for this could

be set to "1". The process Zssigns the score LMedi um
(e.g. 0.5 as this maybe a label) to the L-Likelihood

araneter for those text blocks that partially, match §
174adisé¢. of hlacksegments a5 showiyig Figwe dpb. with the asgpciatiogs fropr field

t [ j t H L

oG 0 Bl ARG b ol i Rt GREblocRt e
ach(dvie kied santeqrefiftt ¢f tHahu@pn padenitegirofass of Rigaee 14eontecttkoibles

that do not match any labels_in the |ist 156. That is
seqpence g% stepyylugisaias Hehisurekoctp gl%‘lr%éé"é‘s of Figure 14,

all labels in the list 156 are assigned the sane

score, and text blocks that exactly match a single
In thefiest pass thdoegh ittt thegBocaseexwcytes jo piokessianakyspthefi¢xssegment,

the iSSP iigB sBPary Prk e ber s L e B ARLE
16d, @hbreRhOIcRlivilad] vited mteglréaérﬁéu &Y dvab phifitavecteXt lbULky1 80, 182,
unlikely to be field | abels and thus highly likely to

184 afp ras saprultrafdheitentrpersdinateaginciatipg stephidits Based avyhis mput, the

f : :
o AR b 128 AP 0R 0 GRS AR s cen
neigihadiing pasdtiserisiocksdn adaffartito deteenina sakisti¢ablytthsmgden for intra-

N I
axeg.: %ﬂfﬂ%ﬁh&ﬁﬁdiaﬂdﬁﬁaﬁc@?f&%ﬁ@&iaﬁ& %rﬁ%bl%&l@aisfdn@és%évalasérﬁ to

attributes illustrated by the arrows 178 between
deteraiines], tfe HiddclegmeTtatian hlgevithnm h26 detasmines whetherf primigive text

uman r.eader. the process of Fi.qure. 14 ecut.
blogane PE ol et TR B RIS BB R plBfher e
spadi@Bbetwreh Beockk [$54boRa 86 bélbwahdiespdvtive hitdidaraadesisthat basis,
executes to process/anal yse the text segnent, the

detemiess veheghes foetnagingds apinfrasor iatesiblesk PACIPA Y Siups fhgrblocks
accé\@ring?tLo%%ﬂ{ Ck %gn%dérg 16 %@0&&% detMifilrRs %@,%ﬁ@ﬂ%g%%&ﬂ , there

s represented as its owmn primtive tex
are 18O valh8l V118 €2 chat acprasentetheivariatfontih eettienlt spaciog dindh tiree

i i t 124. d this. i t, th |
oSSR Ahact R gp et e on U Fapet e B
repieRéidts %lopgﬂ@ﬁﬂélﬂraﬁgé YEAspa6ing @@Eﬁdaﬂﬂr RfdabdrtthateI D). A Kigere

In an effort to determne statistically the nedian for
areiontyrtaol vabues Spracsirtiepl Hiter- whd inta-Hlockespabingdk thepHustraged2

el BRBAROA 58RO R PG 5Pt LR e
canRVR1AREHA as being between V1 and V2. In the case of the horizontal spacing,
certain assumptions must be made by the illustrated process. If it is assumed that H2 is
double the length of H1 and H3 is at least four times the length of H1, then the process
of locating the mid-point of a density plot of horizontal values may take the form of an
approximate equation of the form: half of density plot = (29 x H1 +3 H2+ 10 H3) /2=
(29xH1+3x2HI+10x4x H1)/2=37.5 x H1 (where, for example, 29 x H1
denotes that the process counts there are 29 gaps of size H1 in the sample text segment
170). Since 37.5 x H1 is greater than (29 x H1 + 3 x H2) but less than (29 x H1 +3 x
H2 + 10 H3), the process determines that the threshold between horizontal intra-block
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determ ned, the bl ock segnentation algorithm 126
determ nes whether primtive text blocks should be
w@e@apa@1d oget her. The process does this by dePE€r/aGHIONE00423

whet her the spaci ng between bl ocks is above or bel ow

the respective nedian and, on that basis, determ nes

whet her the spacing is an intra- or inter-block

spaci ng and groups the bl ocks accordingly. Looking at
Figure 16¢c, the process determ nes that, roughly

speaking, there are two values, VI and V2 that
and bqsizesiGhiniar O KPrReinE s beweeh Hogar T dbriis tabey 6RY ce

| a _ AR, B
ol BB 8, A S 0o AERIERRCInd 5 1R OREL OB, e
thag?lﬁgﬁ)iﬁfbeai/éenﬁﬁlamdﬁ3 38 glniniérd?ditﬂd gapgTina, lpﬁ;rﬁﬂi]@eﬂtekﬂ)lgcks
there ar n . wo ues r vertical Inter-
senawﬁdgamp&sw?@%@e%ﬂm@' ‘i?mmm %Sttrl%&ke%fg@%dhﬂ)ﬁeﬁh? repyeof
theldXcalich PEMURRRSIOR tidefls foPlérfiedlloAE hoRRhIHLL GBLd be the

inter- spaci ng can be cal cul ated as bei ng between
seguientatidn VPthe lprintitive teaxs blogks ofigigimerlioz byitlad BphSeggentation step

126538 1R8I oSt bnskirE s Mt ies yrittRh B spmine
thaPAll e fRNIabéls bSFBurd BobSire 'patfect'i IR ke tHeoMedtbh Rbelklin list

then the process of |ocating the md-point of a
134etsily)ythspsecess thes cplelatesfa soere gasignragnt e e sepamenisd plasks as

: : h ; .
thaf RGBS 6o GREH b Upflue 06re! B b LY bIJBE W), Tn
embﬂ)dimeﬂ.t? oRthé proddsy, the ﬁroﬁes@ Tdkex tHd fuftidresssymtion thutaaiipthejces
9 x H enotes that t rocess counis there are 29
of ésagtt%ﬂp ogas_f%clﬁvoqs chwendaifbigd vake %QEWﬁHl T o hefigenyal-
left3t3=r§gh¥axﬂ véﬁcﬂ-ﬁ@%?@ﬁottt&ﬁ Eh;fggz% ¥ 1ik thbsS sPovidin BBhrel 1983nd
tham (29 x H + X H2 + 1 , the process
Figdest Bibrrespestivelyain embodimenthef the procossethedotied bounalary between
i ntra-bl ockand .hari zont.al i.nter-bl ock, spacing l.ie )
cach Bpl S PSP g L T and S b Pt A RE hY Berioritigns e o
sheef ofSjoggdta@ps, titerabLalldWing tH @6 kess &Pmartfdvidiidter outline of

hhorizont al %_?p of greater than the point between H2
unifgien teig blecks that mayrhegrwenedduphe Hiniform Fegian Petectiongtep 128.

L0653 AL LASSEGE RO A, e
result frometh¢ Dnifein Regiondostagiohstepvitdf dalr wiibrhaeginonasdhown
oot D BN U e kB B T L35

t i . j .
oy BT L B POIGOASI o e OB

| abel s of Figure 16b are "perfect” |abels (i.e. they
match l.abels in list.132 exactly), the process then
s BB a8 Eximble, pRBAGERB R e G B e ygen
blodiés ihftadd siByedian s dudcBibd®abdvener e the defaul t score
for the unlabelled blocks is Vigh) - i

Determining that an invariant state has not yet been reached (i.e. a number of block
segments 194 in Figure 16f remain un-associated), the decision step 134 directs the
process flow to follow the feedback loop 138 back to the Block Segmentation step 126.
Effectively, the regions 192 are now "masked" from further processing of the text
segment 172 by the process of Figure 14 and, thus, are shown as being "greyed" out in
Figure 16g as regions whose differentiation results have been finalised and are excluded

from consideration in any additional cycles through the feedback loop 138. The Block



10

15

20

25

30

enbodi nents of the process, the process nakes the

further assunption that all choices of the pattern of
w@g®oor@ie ons bet ween | abel and val ue bl ocks aP€&r/SG2005/000423

limted to horizontalleft- to-right and

vertical -top-to-bottom mappi ngs |i ke those shown in

Figure 17a and Figure 17b rgspectively. In enbodi nents

of the process, the dotted boundary between each pair

of associations in Figures 17a and b to be equival ent

4b@RSrel i blocks 196
Seénﬁen‘ieﬁ@y%%c{r@%ﬁ%%@{fire' %Pﬂe@ﬂﬁﬁé r&fucBP s BOPrimitARRExt blocks

ere ocess to match whatever outline
of RifunericEandthechtesidlds ket webrmintiaehloheanddntgr-hlogk spacipgare

ni f orm Reqi Det.ecti on ste 28. - Thu ) :
recéﬂglélmgﬂtt%ﬂe nO%rJdé%’{ﬂd{l%thnrfnléﬁ% 31&1 ng 8f plilrﬁjiﬁvsi%g%%g.sﬁgﬁs%ratlon
of thik BeiBackdob S ke Sfafion RSMtérmiihOe tnkig-pdititof Eie Ragityplot of
Det ection step 128 of four uniform regl ons_as _shown

hor{zattah spacittgdalersdhetormoxclal f obdensity plogg (KO 1 6F1 + JiH2+ prd3) / 2

¥ ey : _
- G ¥ b T 0P P RFRATN T 0 BB
H1pR gaddi@rthat (16& MK les a6 kiEht § xcHR); ahdtas stdip thegamceess

of the distance between bl ocks jnstead of .the i an
deteranigesshp tb%ﬂﬂ%@@éetwnéﬂﬂzwﬁ%bmﬁfﬁ%ﬁog&nﬂﬁ\?&‘?? Ffinfek-block

spagﬁlg%%vhl?ecs :E%%QGYIQ}H ARED I BAS R in tBe bR YeESInt AonRIudsilt

egment s 4 1n gure 1lof remain un-associated), the
togelher withthesdteibue3todig ecshownhe Figuwe é6ls Thesocand ass thsetigh

f dback |. 1 t o the Block i :
Onkhn KSR TR i s b Bt 7 By PERRAIA o i
FigufBsdi&hd dulPirdeuidifoth rBgieae 538 Mmgtchlithdtahé Borizoned e Mértical

172 by the process of Figure 14 and, thus, ar aﬂo
labelsvabes asgociggranytemplagagtofiFagure §irla th%@u&%at?‘igfaﬁ@@ %gdback

i £ f ti ation_ result i naki
ol B B e R VAP FSER (6 kSt ton
ﬁnatllfﬂﬂ!l)ylgﬁfh&éiﬁiggeéstﬂna@ﬁ@ig@638&.re}ﬁ|2edmaéxrpeﬁ'§grﬁ?traﬂﬁwith.
orirtnm IS re-a 1.ed.l o ere S .
Figgmglrﬁ% it deragustrgfeg died they oo @ﬁﬁ&wf&%‘*‘:’iﬁh’&a&hﬁéﬁ&e same
blobR BRARRG!: ﬁo:ll? SRR &Y & BetBloREieoRB 14008 tekl REkcaNAS b M@man

are recalculated 1n view of the réduction in the input
readetwaild paveieeh eapdstasciegeachnOpee theiprasess datarmanestthat all the

feedback | qop,..the equatign tqg { ]
blogfs i &b RGBT brIFs ShbEe s Eicdht it there
arei R & sechdhis 0 thediREmbNt 0t @bsotibledas Iphrt bf 3 1dti]-valbe pay) the

[ 2=(16 xH +3x2H +5x4xH)/ 2=21X
attniute habels ardthen extracteddp afREm &y stepildh- (21 x H) is

greater than (16 x H) but less than (16 x H + 3 x

H2), and, as such, the process determines that the
Thiid) fitasih Gle dedicthethe prooeisatentriliedireturm-aoturete resudts without

hori zontal inter-bl ?lfgili spaci ow |lies be{v\ﬁte 'Hlt %nd
depgndenggion thepigrast PRIEASOLPIGY HEESEPOR'S L}geﬁls ca

focuses on identifying uniform regions and differentiating block regions, the system is

able to analyse documents with drastically different layout within a corpus.

Referring to Figure 15, a second approach to performing layout analysis and extraction
on heterogeneous documents is described. This approach is based on a combination of
the fine-grained information extraction and heterogeneous layout analysis components
described above with reference to Figures 4 and 14 respectively. As can be seen, the

process of Figure 15 employs steps common to both of the processes of Figures 4 and
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together wwth the attribute scoring as shown in Figure

16h. The second pass through Uni form Regi on Detection
wGe@p/01®8 t hen | ocates four new candi dat e regi PCESGR05/000423

shown in Figure 16i, and only three uniformregions

198 match either the horizontal or vertica

| abel -val ue association tenplates of Figure 17. In the

illustrated exanple, the feedback cycle is repeated

one nore tine as shown in Figures 16j to Figure 161,

14: I%H&Qﬁl% i felé&ﬁbmt: b !:Mnéﬂtf(fﬁl)eéﬁdv@fsﬁﬂl S¥tthd odwiment to

reache nparin ure 1é6mw th
ASGIIgw;sfomﬁﬁyla and|cs om@mgom@oﬁh eranéiationflsbpilingARds
ccessful ed t A {15t
oG QaPEh TR dPOREh BNl © Pafd ™ol o SR 1R ieyre 15

res@éu@eliﬂ UARH eﬁ@&g@ﬂ i stobeky ef pgare wmecﬂﬁdnémod ﬁqcsmf
the process deternines that all the bl cks a
condrarm@mﬁ@k mmtamoa, loek feptvreextractian gad pyod 0°é< a’”tf{kzls}te

diffie gﬁe??o%& c?fth@@x‘ocm 1@Ir84”€mpt&e{fa %%Hts 9f146,

ocumsn asso ate art e - val
143p@id 2 ol @i giré M,knmﬂehé mbthlod sﬁape)fmhﬁnrmxdzglmdﬁ@btton @heckmg

form by step 136. T us, |t ca e :
wheshedere aplalpeksuil tp O Bi-premedt O B3Rk 1@y Meock
segﬁ%eﬁﬁﬁgﬁﬁ{éﬁmﬁfbtéﬂﬂ @nc%daﬂﬁm@ bty BEAIRRE 18f o PN/ Bhag to be

arni ng exanple I nstead focuses on identif
extrantef wmbeeguaenmtmdost@psﬂﬁ@; Bt i1 56 pady 16 ctke meghadmd, i‘lglﬁé 14.

systemis able to anal yse docunents with drastically
different layout within a corpus. Referring to Figure

Ond SignificERRITE AR HREN the finelgtaned ingorhayion taxiaznﬁ:loy pracess
%méxtractlon on heterogeneougggocunents

deseralandrang e privy st BEWHeSwoR 2nal yHa s CHFRCHOR ShBeHhstProgeRsouS
laycﬁR Aobld&d {r%hﬁ b 15%{?]%? Ao SRS, %d:@ﬂ R’nLk presence of the

et erogeneous ayout a IS conponents descri bed
addethevbBlck FeninfeFrtrantion stepil ¢8 méschingmduced theesopeerttiof glujtiple

As. can be seen,_the rocess Fi 5.eml o e
PGBt T S b roied Ceer bbb ff b Mibined
Blokk %e%ﬁ&?t@ﬁ@d ﬁ Pl %e%i:r F 8PEdch %8 thdrddstic of each text

conversion of the docunment to AS text, font style

blogini deperaledt mattoalsf en thaiblodklitself, but also on the characteristics of all its
i,fferenti on/l abel |
B8 4E ThetnERGe of Q% B BT 8: Ll is ten
to Hé' ifvrSel prdj f@&ﬂﬁﬁl fowkeéiy proAlaity enthle djeit ih question bpcamsets
of Figure 15 are: the ng& od st eps Offigquﬁﬁgﬁed based
farth Wr@@gﬁ@m@@q&gnthe ks bkely dbgy are tehe relate Qfe, based on a
texf'iﬁ% KBk usIu@h gl fofn?g k& 08, BBG, gﬁ{q&lnl §g38ia0f
process of

gure 4, éred as’ net d steps ‘146,
purbAfhtiandicls? el d§lthB©f ité, nelgh‘domneeadetebm‘ulogk @Fass;fgned a

o e s B SRR Aoah B oo
fieli R, 0Ck

The process of Figure 15 is demonstrated with reference to Figure 19 operating on the
text segment of Figure 18a. Because this sample text region 270 only contains the
abstract text block types of field Iabel and field value, the process similarly restricts its
demonstration sequence of Figures 19a to 19¢ to the use of only two fitness measures,
«] -likelihood” and “V-likelihood”, that refer to the quantitative likelihood that an

associated text is a field label or a field value respectively. However, it will be
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segnent ati on nmet hod step, and scanning a user-defined

list of fields/labels to be extracted nunbered as
woreaohowmose eps 150, 154, 156 and 160 in the metPCS61005/000423

Figure 14. One significant difference between the

fine-grained information extraction process described

and the prior art nmethods for analysis and extraction

of non-het er ogeneous | ayout 26locuments nentioned in the

first approach of Figure 4, is the presence of the

addj tional Bl ock Feature Extraction st 148 whi ch
appreeintsd (gt $he prancipge elbihe procsis @n P@XB%I} f¢ grabrace a higher
Bt A e e IR0 384 BBl o Al vl to
thél B (THeveaaitd)emdt Visgafvakes respectinelyi th:et vodra usat ierths exampdé of

Figitsol e To R By e B eheipath e B ad gl ifide

he&%ggﬂaﬁg 8yoRd aﬂﬁ_l/shs W%H@utlﬂﬁ@%gﬁﬁs@nﬂémﬁ%h cRehaivaownd ng
I's not equal but is taken to be inversely

dlifﬁergpmm thehthie Lt-bkelihwiod apd Uxhknhﬂayod valvesearp jablsito irqrﬂect a much
iSRG 0 HAIED P TRimBE) P PR Ssh 0

@i @ﬁhoajuhtemlgm obkedsurh© Bt “T.dwW rdmtth@ﬂ cSuitérpass dOhe apxbmhcex of
font si ze, casi n%@ﬁ atter n SpeCI al punct uation etc

Figuge (b Thigts bepgise tast lirelihopd v pessue detiveddrom dha myfiiplcrimgitive
chﬁ%&%ﬁ%fég ?s ﬁr’cg Eﬁ%&ﬁé@o?@ﬁ?ﬂ gcg{s’lrrgl‘;i}‘é? ?3?(};015 §e@neln dfmon step
146,aetsejppos‘eded> thevsahgle )ist oflseorpd abelssised infthgeramils of Figure 14.
denonstrated with reference to Figure 19 operating on
the text segment of Figure 18a. Because this sanple
W&ﬁﬁtthé &Gﬂoqﬂoaz Qctr‘?dﬂté’ dﬁﬁ%nﬁhﬁkﬁl dl¥ElaBdIEAE b 74 DF theYro6dss of
types of field | abel and field val ue, the process
Flglrmu taxt] mo¢l@w¢ paﬁt otp pse @rermrﬁgenmq losicsbigmplates. Each logical

ter. g%&?pz sle%f‘ﬁ_a IVﬁgo gﬁh% 38%% tﬁ%\@o%{ppg{%gﬁng sequence

forf fe@lontod tdx Bld]:lt@.rl& nbA vl tbmisﬁtd typiedlly bater@more than one
associated text is a field |label or a field val ye

absft@@b@etﬂf D@ryD ranseeRiang 1ty reading Fe%‘éﬁ?fp Fbe PERCSEF candmplageent a
c&]ng abn Bfﬁooéﬁgfrg&%l&ﬁq es ?veﬁi ex'é?fe@&ﬁ affnost

1|g er 0 tness neas
allaioduﬁdeﬂts ksesh lotgtead treabﬂmsﬁormatiom d[drv,athmttwo abstnaset Lypieg) hre

e A RS it Dl M
ha{fé b MV A Er 58 vARREO FEBre@bonTthe Withel He@imésRE affEMItE ROthe
het er ogeneous | ayout anal ysis w thout fine-grained

lattenis valnet Withinetke catexiof attitbete diefue dil egkquins ssompaapossiple logical
pa{h&x? 65{38%37 Ctﬁ& néﬁckl% cgﬁggpfégqs%&léq&hﬂ% %a‘ihglgfsmcﬂy

ues e r om
fron fe@i-tb-right; 1’6@([1ﬁg&ﬁi-ﬁ>—1§1ftto&1 for efdh gaiidtan ,lef’o‘-tlfri‘igﬂt&)e@w&n pairs;

reading top-to-multiple bottoms (i.e. one-dimensional tables); and, reading both top-to-

)—l-

m I

‘multiple bottoms and left-to-multiple rights (i.e. two-dimensional tables).
Heterogeneous layout analysis adopts the same concept of casting groups of blocks into
candidate templates and this has been demonstrated previously during the détailed
descn'ptioﬁ of the approach of Figure 14. The difference between the logical templates
of the heterogeneous layout analysis component and those of the fine-grained
information extraction component is that the templates in the former method are not

restricted to being cast a whole page at a time but can be applied to groups of blocks so
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(i.e. not just "H gh", "Medium or "Low') than their

counterparts of the approach of Figure 14. This is
whewans®ia he |i kel i hood val ues are derived froP€T/B€2005/000423

multiple primtive characteristics assigned to the

text blocks in the Constrai ned Bl ock Segnentation step

146, as opposed to the si ngjﬂe list of scored | abels

used in the exanple of Figute 14. Wthin the

Aut o- bl ock attribute differentiation and | abelling

thaiégﬁni gé difdG Rl ¢ %gssgf 1 ou@ ?orﬂ‘! é(f&ﬁéel p;{t%ﬁfé? ciH e

ne or re ge er| og| é ates. Each
detécog. Ghis differeh & leasbepn darodssratedgirstiousty dwéng thgidemilepat h
that traces out the proper readi ng sequence for a
desprRHs Pt @ﬂg{r@){# bl ocks. A non-trivial tenplate
typically covers nore than one abstract block type in
representing its readi ng sequence. The process can

Withopt thnecmtcept ofiapplying 'ﬂbcﬂ@glc@lmmplawﬁ ta vogicals of bh)@ks isistsad of a

pes re i vel resent nost _ al

whifl Bagr o B gregated PemBHoR SR dioh aineone of Fisure 4

will R DR ableQo pRkisAchetérvpaseons feoxt &ipaichelkd aBshodh in Flgure 18a.
attrlbute and its value (or values). Wth recursi.on,

Whetees {hgihumap aepdier mayetphieco sedigs- %quée% st of aprogiafions) |
berV/GE B BRI e AR 0 ARG BP Bl Rl 19 MW i i€ 150, the

findpadded mafoﬁﬁat1mMamd:d3h1mdemgwﬂhhot,dmrrWam@m essidesilg the

y these generlc | 0 ate I nc
opDP ANy SRR ekl 9t G P B P S Sy g FLEuTe 180, we see

thaf R l&g@calpgétgg"f? Qb LR BIRARE 1 o, 0wt 1<|: @fat 34 shd 310N BEAYRRBrrect
pairs top-to-mul tiple oms(l.

onecme oonscqnmtkyrsmwrﬂlatbele ia)bel-aﬁde a&seqdﬁlm insten Tofopyersely, if a

ft-1
vergifi R Rerh e Arony® e & B el S fdibecdifonic
wodd PRte o SBETWE MRS, AfF4d ast §08d @rievpandhcditeociogical path
into candidate tenplates and this has been

tracgd iysgh @ewd previ ously during the detail ed
description of the approach of Figure 14. The
di fference between the | ogical tenplates of the
Fighes ¢ pogeltedlisstiaty/ow tlenatyrpomtion npbetenigerands idyostamtysis into

the fi rai ned infaqrmation, raction on t. S
o Ry GG OB R SEHEHOR R IR st o Lo Wil
over&thd fhe ﬁﬁﬁtaﬁ@n FHE o8 tA Ber WOt E@g ehrdtiglethe BIBclPPéature

can b e applied to groups of blocks sothat within a

Extpantien s fl#8rtbeUnifppn Regfon laycmttog stap. PO widk dnterprong thgmost

o by B RSy P TSk SSRGS e

to-1@ietE Edrhilhie @R thik rédion ﬁﬁthé%ssoWatdfmeﬁ 13henabhes glepprooéss of Figure
appl ying the logical tenplates to regi ‘%ai of bl ocks
15 forsace aanysh betighisinessyaeasust commeesesto aRElialiap{e-apthem

torp Mt TBLE M §¥iHeAG iR R EUTRMIG Y in Ble BTOANTG F?'gure 18a giving
each field label an increased L-likelihood value The result of the first pass through steps
148 and 150 is illustrated in Figure 19a.

The feedback loop 160 to the constrained block segmentation step 146 will then return a
reduced set of primitive text blocks to the Block Feature Extraction step 148. The
confirmation of the logical path through blocks 4a-4d, 5a-5d removes them from

consideration and essentially creates a virtual boundary by virtue of the masking of
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will not be able to process a heterogeneous text

segnment |ike that shown in Figure 18a. Wereas the
wheovan7ceader may be able to deduce the correcPCEHEG2005/000423

associ ations between the field |abels and field val ues

of the exanple, as shown in Figure 18b, the

fine-grained informati on extraction conponent wl |

not. For exanple, consideri¥dg the application of a

horizontal left-to-right Iogical tenpl ate as shomn in

18 t hat I th 272 t
thes qgé}{%agﬁ%eﬁo\gleblg@% 3|a@?1d§ asg c?\%;ﬁ gpaglgg% ]ﬁb tcéplut 1{3 another
T
of 3eedridi3bab unterpe the-folo v rb@giill:aalbm dﬁ;(lthetIe-h\keln]@ddcpatféneter of

pplied (not illustra uld be t
blogf St It ks bV 6 gb—’ig ety -’dﬁsé{L %g&e&fﬂ‘a“%ogﬁ@m
recd %ﬁ&rs gt ts1n<:9 Elo‘é@ 3PRIBY 4r8 G thell kit 2ok B b eSp d‘_ﬂbﬁkbﬁkg $iot

9e illustrate how the incorporation o
matietigthey eres‘.huashkeéwmhe @iéwlyiss andse L. pchb g Mﬂ kedpwer that
nformati o xt racti,on f
Lo s - e L aned R B B RRGE AR B
]qu%heaythe first pass through the Bl ock Feature
traction step 148, the Uniform Regi on Detection step

150 will determ ne the nost uniformregi on of bl ocks
i 0 g Eblytbﬁl lafe onto th
Flgrhor zon{}a{a‘&‘(g ? %t r%ﬁ?toﬁﬂ?ﬂ the h%ﬁ gﬂgl o hi sgraeg(l)%(r)l |en

re1ﬁdihﬁngbhﬂk$ td-&c, 20 8p ahd Zbeﬁa»bh elmtttllrﬂeblpckscrbS@t &érnia yoiferm grid

andibpisbey BT ot A BTN B oro AR EOT R B T

hori£onfHl RahA1Ag vﬁH ln@&ﬁto(be)peh&h&ﬂ Fothe ekt gdfof b wW4/2 @nd 8and the two
gl ving each f abel an increased L-1ikelihood

valyableeksTérpested by thedﬁmpme inithe migsingsfoprh solgnst eps 148
and 150 is illustrated in Figure 19a. The feedback
| oop 160 to the constrained bl ock segnentation step

Fighf10d il llistidb& hnl @t Eﬂtoamapmeaeﬁh@etogwal mnipme oute thexdmaining
bl ocks to the Bl ock Feature tion 148.. _The

bloglsnta-Foraei Tpogibe As Wl%)gtfﬂe aAsopA e HOFFZ90 m& BorSt Figuig 19¢
theg{%rt?c% ﬁﬁ@ﬁg §lts5 Qﬁ?ﬂ%’ L dRrats geﬁoﬁﬂd]s eS8t H%Iv&}ei&er it

eates y virtue of the masking
is nn)fc lihisis ¢o bthlssmg&ﬂdcldqmlnaﬂ\by @hscimng‘dnahﬂld f@bi labels hﬁb\h’ckﬂ']l a-
ure, 19b.

h
1o QiR aiiE 2 spel hmbsT PG Tl Eipa g dtmauidagsbe
uné)ﬁ‘:%ctk:& kehihd@adL YRbME dRfahia ofﬂBH)cﬁ@ 14-0c biRdXeBPtotRehigher than

 ow ng reeval uations: L3a (the L-Iikelihood
thepaVélﬂre]modoﬁath oeliile3hy revesg ivBae fpré%\ockﬁ 3p(9and3y: Thpgthe

he process (of
plBR s BB GEGESL HAHE, LPRPRAT bt e
ho@ioﬂ@zll@éiﬁﬁlaﬁ%ap. This is to say, we will find that: Lia + Vo + Lip + V32 + Lic +
V’3,) — (1 X row-merge Penalty)) > (Lia+ Vip + Lie + Lpa + V’3, + L’3p) - row-merge
Penalty — (2 x Penalty). '

Therefore, the final composite logical path traced through the blocks of Figure 18a will
be one in which the top half of the blocks in the page segment follow a vertical, top-to-
bottom logical path, while the lower half of the blocks in the page segment follow a

horizontal, left-to-right logical path. This is as illustrated in Figure 19¢ and corresponds

exactly to the label-value associations that a human reader would be expected to deduce
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masked, they are thus likely to be field val ues, and
so L'3a and L'3b will be lower that L a and L3b

wo egpmTiivel y, while V' 3a and V' 3b will be hp@ie62005/000423
than V3a and V3b respectively. Figure 19c illustrates
an attenpt to map the horizontal |ogical tenplate onto
the remai ning blocks la-lc,,2a 3a and 3b. G ven that
the bl ocks do not forma uniformgrid and that they
coIIectiver trace out a three-columm region, the

Fi qg@g fitness of the horizontal tenplate will need

g4 € penalised for the nerger of rows 2 and 3 and the
t wo value blocks expected by the tenplate in the

s SR gt O s bR, e A o ot AR ABE AP doptieres
the §t§;57?$ BF g rﬁhqgfe?o tAedits errﬁﬁ)dnﬁélt@ﬁ %@ﬁiocé&S iWstrhtetl bg Figure 4,

se of the horizontal pi ng of Figure 19c the
and vempleteaset nﬁpﬁfm@bateé@l@kﬁ flé ﬂ@n@x;@feﬁ fo/a fosm ik an peFgEen
ﬁ$ rows 2 and 3. However, it is not liable to any
list 3% i ng- bl ock penalty. Observing that the field Iabels
of blocks la- | c also termnate with a speci al
character (:) as shown in Figure 18a, it woul d notg%
Thepresesessdeertitsd appite GaR&e impepated Setty ale RS Of £ i

maclhﬁTe Sucih$ d}aﬁc@%%c&ﬁp@& ﬂ@ﬁ%nﬁd?%ntﬂg%ﬂe&/m' pHgel, Whﬂfhdadapts

val ues, e reverse Is true bl ocks 2a,
1tse1€flpdrtﬁ>b1arﬂ]hwﬂl foln ap]pi[dabeltm reduiedi te lodkafor phtterns rlhe @acbcesses

na .a petter fitness c d t
desqrTREBP TS ISP b GrdRaR Alailg ng DR ER TR & e
find that: Lla + V2a + Lib+V 3a+ L10 + V' 3b) - (
1 x rownmerge Penalty)) > (LI a + Vp + L10_+ L2

+ V
Thedmterogenedis layoutslacymenierefearag @91ere e e;gem@lh%th% Fl gures 20 to

2 RGBS S S REELGy8) bEa thes o
a pr%Jﬂ%ﬁh&Dfdi*ﬂﬂaftu@mIehBobimﬁcanmohbnet mey‘tmdg]f&mwmaidmw

a vertical, top-tgbottom | ogical path :§ t he Iome
preseafafiop Lompendsts skeh asopiRantplIghles gt ta%% RS, paregtaph

tex hﬁ%ddfx%g a?h élS seafll itfa 'Eﬂe%gﬁ‘ne g% i, (Withﬁaé Srpdbie dScudfent or page

gure corresponds exactly to
cantcbﬁtahﬁbhjfbmhd)ﬂehmmal foringnone Ia@ttloa, hvertioel tetde gy anpther gnd a

i e PGS, SIS e e bl H 1383 Bom
ﬁrs{ h\%\ﬂ H%‘rb%&ébﬁs%mt ﬁﬁfoﬁh%d@d@cfmﬁéﬁ@s #08ksh %hﬁfmeneéwb*y the

mbodi ment of the process illustrated b Fi.gure 4, and
promsageme@ ebovst This teetmésal joarnals, Bugiars letfess. dmwices, financial

statgr)ﬁterrltaa%td%gan?e ﬁymﬂg MY ons1§&ec? XldsBkt of Bk 1|a$/(§ft té‘p'_%Greco gnised by

the described processes. It will be clear to anyone skilled in the art that none of the
existing prior art methods described earlier will be able to extract reliably the multiple
pieces of information contained within documents such as these. Considering prior art
which utilises learning methods, it is clear that such methods will fail to extract properly

the information contained in all six types of layouts if it has not been given training

eexamples of each. For example, the learning methods will not be able to properly extract

the information from document with a layout format like that shown in Figure 20, if

they have only been trained on documents with layouts like those of Figures 21 to 25.
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The processes descri bed above can be inplenented in

sof tware runni ng on suitable machi ne such as a desktop
w@ompat®ro The i nvention can be coded in PERL iI/862005/000423

adapts itself particularly well for applications

required to look for patterns. The processes descri bed

above could al so be coded in alternative |anguages

such as C++ or Java. The héPerogeneous | ayout

docunents referred to here are exenplified by Figures

20 to 25. The_ fjgures show that the |layouts of the
Theggeasen fesrived poNasp IR el B st Rdaopgegs of "
hetegé E%;lgﬁs' Qggt,fiﬁaﬁ&ﬁ@bﬁga fettrBeal RARKATRANS o ABICRARItFe oIf

i nfornation Fresentatlon conponent s, such
docamettarVagimgdbrnath bestyley of ddcuaient kypeiscanthghagdled automatically

ar agr aph tex eadi ngs .and _lists.all.-wW thin ’
by BaBRYAR i Flyse SR et s Tl e i D ek e B
fun& At thdBRui@nef a horizontal formin one section,
a vertical table in another and a list in a third
section, while a second docunent can differ totally in
e - . .
ot NP i R St AR EOHE BRTRA el ctgblishes
the tvEnqiioLEes6t ciake dohmebna vhile. thd botsorh eprappoaich jestabrlishesthe

T T S
iderfé?ﬂ? ﬁlers%&‘?&pbcﬁEQm?{ ih.&{&lgqég%ﬁlreilg’&@ioﬁ 1208 eS8 ortlér ofthd be

ear to anyone In the art that none of the
doceniest; tablp qyrfoom. Ehretnumheh ofieolumss it the doermentetablgiand foyans are

ahl e. tract ldiably the | i ' .
s gt Eho S b o wvkd A ol Buf Bl are itched
togdIRRS TRk TBloBlt 26 tidntfumiraberténtbd RS sheBunitngnddiffaedtated

it is clear that such nethods will fail to. ext a%g
for theis fangtipn; sushiap toideatifydhe Helddahehand vafug At the )@n{ 9€ of

I U AL ol . o
ooy PR R bl pdcich % B RAGH HoEhS i Fo R e RRE R R it
fieldbibel, fieldprabye tdble koatlem tbld vedue, efcor mat i on fr om docunent

with a layout format |ike that shown in Figure 20, if

t hey have only been trained on docunents with |ayouts
Reflglr&g noOR Ef‘i%&re BisOrh&Bwarelsykem2f00HBLiRplefRAS@Sthe disclosed

esCri bed above can generically be applied to
techobdauesmill sowfbeltsseiledeneous | ayout, incl uding both
technical journal style or table-formtype of

docunents. Varying formats or styles of docunent
Thd sy¥ter 300addniiRisban dettlal Pub@Eihg SatveyDatabhdecS qrvaddsnarnt

t o anal yse the docunent's | a)i?ut and to differentiate
StoestOR comiprisinedb sever(siere B itiFle IR afminisetematrrlacedeces,

g
storapedeidea89nind albrdlelotiveetictimes 310 fpprandie dxuashisdhies
ana}ygies. Thé server 302 can optionally be connected to a Remote Database
Server/Remote Document Store 314 over a suitable network such as the internet or a
WAN (Wide Area Network) or LAN (Local Area Network) 316a. The Remote
Database Server/Remote Document Store 314 can function either as an alternative or .

complementary database server and/or document store to the server 304.
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| ogi cal |ayout of the docunent. The docunent is first

segnmented into broad blocks to identify the section
whownidany) headi ngs, table | ocation and readi NBCDSGHEI05/000423

of the docunent, table or form The nunber of col ums

in the docunent, table and forns are also identified.

Characters that forma word and words that forma

sentence are stitched togetﬁbr. The text bl ocks are

then further segnented into small units and

T KBS L6t DSl ARy Bl A e
PCRBOSGdAMN thRE nla§ HavB LG SxRAR bteRipkidbiees 30Warddaddiehd ed

as section heading, section text, . field |abel, field
dograpanéscapadss 82header, table value, etc. Referring now
to Figure 26, a hardware system 300 for inplenenting
the di sclosed techniques will now be described. The
Refeysiemow QOFigoD7, sebware GashiteetlirePyS0des Biplgmenting the disclosed
Server/ Dat abase Server/Docunment Store 302 conpri sing
techpiguesayilldiopshedescreptl- i t sel f, and admi ni strator
i nterface devices, display 306 and keyboard 308.
Connected to the server/store 304 is a | ocal external
The Userdgterfden3 Pec@@®ismsrd a | ocal docunent scanner 310
for.s ni, 0 c nt.s . analysis. The server 302
- &ﬁlwg?g%‘%}%g%%ﬁé?%d to a Renote Database
x SEHY&IJReSBHRIsEes WMEhlle $@re 314 over a suitable
network such as the internet or a WAN (Wde Area

" NePowiment YieweaRetnieyehModples3 SReeibr k) 316a. The Renote
. %a%%gﬂg&"?a{m%ﬁ%te Docunent Store 314 can function
el

er- as an alternative or conpl enentary dat abase
server and/or docunent store to the server 304. The

server 3Q2 i | sp. connect.ed. over the intepnet/WAN L
The Pepurpept tp P 6 ioh ) BeCEPleTas e 7Y o8 it aﬁhe_ ST a0
locHBMEerfdl sRIM oSl BRI, R @GRty b&?&/&%ﬁn@ﬁﬁst&ﬂeg At client .

docurment scanners 322. Referri ng now to Figure ,
PCs 318 veelinbextérnaletonage d@8eesf33P of higueer@en ¢omeprishestorage for:

. discl d techni ques,wi |l now be described. The User
?‘?R%P?az‘g’ém%‘%“ 535,631!3: a dient Graphical User -

| Sttt f BV R WA F o1t DT IR BAts BT Ssi on Modul e 356; a

Docunent Viewer/Retrieval Mdule 358; and a Results

Skext epntRrdiprmagBocuments 368;

» Raw Text and Coordinate Information Format Documents 370; and

XML Format Documents 372.

The Relational Databases 374 comprise:

= an Extraction Field Label/Pattern List 376;
»  an Extracted Meta Data Database 378; and
» a User Account Database 380.

The architecture 350 also comprises:
* aLayout Analysis Module 382;
» 3 Document Format Converter 384; and

= g Server User Interface 386.
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The Docunent Store 362 (which maybe inplenented in any

or all of the server 304, |ocal external storage
waelewro#00309, renote dat abase server/docunent sPCI/BGBL&P00423

client . PCs 318 or client external storage devices

320 of Figure 26) conprises storage for: Oiginal

Format Docunents 364; Standard Vi ew ng For mat

Docunents 366; Text Cont ext? For mat Document s 368;

Raw Text and Coordi nate Information Fornmat Docunents

31Q; d . .XM_. For na ne 372, b O :
The i i Bl raea oo ol PRt Do ey 457 responsive
for Bgéé@ﬂlt{fgaché gfaﬁhibhlﬁseﬁﬁférfacatb Bet(pasivtgrddaite) dadtser (not shown)
tabase 378; and a User Account Database 380. The
whe isciubmitting p dogseni|fedayeihspplysis:  a Layout Anal ysis
Modul e 382; a Docunent Format Converter 384; and a
Server User Interface 386. The Cient G aphical User

Thd Olieitf@eshicd 4/sephtdrérce mddube 3Heintdrfatey Wil ¢hedFRr iAscount
responsi bl e for presenting the graphi.cal user
Do A G o Sione RS aP Y mog s Te AlctratBe Thedpoument
) 2 MR i ) tel @ document for |ayout
Sub%ﬂﬁ%%?s. '#ﬁ@llgﬁgg%t (irg,gtghi cal User Interface nodul e
354 interfaces wth the User Account Database 380 in

the Rel atiponal . Dat abas nodul . 374 to.d [
TheiogHar SeOBAFP OO g seLgor Gl AE LS Efebdfoaute
3547 GerBRELNTRR the ToVNEent StordDeRHEu&A dotuinketsCuib@itted by the

G aphical User Interface nodule 354 interfaces with
doqumesnpebmitien fostayee @@eystso upl oad docunents submnitted

by the docunent submitter for |ayout analysis. The

Docunent Subm ssion Mdul e 356 upl oads the subnitted
Thél Dot SubmissdnDdcdute 856 Splords Bi6 Aulamited dewnmeltdito then

to the set of Oiginal. Fornat nents. 364, _The
Dogaetaovh e PRLET 9RO Wit o GBEH PRt BPFEpeats 364
Graphical User Interface nodule 354 interfaces with

the Docunment Store 362 to enable the retrjeval of '
Thé€Piogimert Viewer/Retrieval Module 358 in the Client Graphical User Interface

module 354 interfaces with the Document Store 362 to enable the retrieval of Original

Format Documents 364 or Standard Viewing Format Documents 366.

The Results Search Module 360 in the Client Graphical User Interface module 354
interfaces with: the Document Store 362 to enable the search and retrieval of Text
Content Format Documents 368 from the Document Store 362; and the Extracted Meta
Data Databases 378 in the Relational Databases module 374 to enable the search and ‘
retrieval of the document layout analysis results produced by the Layout Analysis 4
Module 382.

The Results Search Module 360 interfaces with the Document Viewer/Retrieval Module
358 to enable the search results of either the Text Content Format Documents 368 or the
Extracted Meta Data Database 378 — which do not contain the documents’ original
layout information — to be paired with the corresponding document in either the set of
Original Format Documents 364 or Standard Viewing Format Documents 366 — which

do contain the documents’ original layout information.
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Format Docunents 364 or Standard Vi ew ng For mat

Documents 366. The Results Search Module 360 in the
W@Riogtro0® aphi cal User Interface nodul e 354 i nPET/SQUOS000423

w th: the Docunent Store 362 to enable the search and

retrieval of Text Content Fornmat Documents 368 from

the Docunent Store 362; and the Extracted Meta Data

Dat abases 378 in the Rel atiPonal Dat abases nmodul e 374

to enable the search and retrieval of the document:

| ayout analysis results produced by the Layout

Anal ysi s Modul e 382. The Results Search Mdul e 360

Thel eACRS M tBndiRr PRAUNEIRY dnesty ORginkl Rytalat Dodithents 364
358 to enable the search results of elther the Text

intoCtandard ViiowingtFoDoat Peqwnengsipop A ekieontgatFgepalDagments 368;
and QRA TR0 CaPr R oSl PP AR o0 ihin g Dogument

Storéi3t70, t he correspondi ng docunent in either the set of
Oiginal Format Docunents 364 or Standard View ng
Format Docunents 366 - which do contain the docunents'
TeARO LARLHAMaTbR aQQE}Qﬁ%ﬂtthé:REWext and
The%bkig/{é{]‘%léarlilﬁylgfépu ?§4E}convertas Oigirnal For mat
Coobtinatednfbsm&foh Farnet DStwmetds 37 Vinethe Ry croentettoGodrand ceeates

XML EresbPORIRTE | RSPRTIISE Folar SabMeNRe S70° Rorhpse

StodeRg2Docunment Store 370. The Layout Anal ysis Mdul e 382
perfornms | ayout analysis on the Raw Text and
Coordi nate Information Format Docunents 370 in the

t

The 38Tl i PR Mo AL B8 s PSR R Rl Tt
and QoordiRite Iﬁbﬁﬁzﬁmﬁﬁ?ocuﬁhﬁtsl&ﬁ@dd ttheQEﬁkeycBadsMMathem&Base 378 in

al so stores the results of anal ysis on the .
the Relztton Decbarerrodtle 15 op RS BB e s FRCHRC Higging
1nfo§5ﬁ<grﬁo§ged\@ tl@ﬁﬁra@ﬁ%ﬁ‘ pa3& 1. 364/ Paftetn 8 stRBI6ah ki Rélational .

ases nD l'e optionally appendi ng

Dawhmnmrne@pe674|c tagglng i nformati on | oaded fromthe

Extraction Field Label/Pattern List 376 in the

Rel ati onal . Dat abases nodul e 374. The Server User

Thel S-@r T ACLIAREHEL 81038R 8% ik eHPOMEHIB 6y ﬁregenﬁng&mpmgﬂy)h e
possi bly) graphical user interface 352 to the

ysemnyterf 58)to thespessiblyrempte) systean administbs(Agt shA™)
who 1‘% &g%%ﬁé) ?I%o 9 aﬁ%ﬁlﬁ%{l 1 HUBL Qg SRGe P85 HIERELa b2 DaBhises

ses
374 and operating/configuring the Layout Analysis Module 382.

Tt will be appreciated that features of one embodiment of the invention can be combined

with the feature(s) of another embodiment.
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374 and operating/configuring the Layout Analysis

Modul e 382. It will be appreciated that features of
woeer@7entodi nent of the invention can be conbi nedI/862005/000423

the feature(s) of another enbodinent.Cains: 1. A

nmet hod of anal ysing an el ectronic docunent having a

first block segnent, the ne%hod conpri sing determ ning

a first bl ock segment char alteristic from application

of a first block characteristic extraction rule to the
Chq cunment, wherein input paranmeters of the first bl ock

CH e . :
daracteristic extraction rule conprise a property of

1. t heAmetbéd 6f Brlysaggmmhictranid dacpmenptetaingaf fiiat blegk smpneht, the
t he el ectroni ¢ docume tﬁhg whi ch Ehe first,g%ock T
methad pemprising deicapiving arstplack seamynt gharasteristic fromprlication of

a fitsPBloBE ER&EAENiRlc dxB8ctiRGtRo e Wbufddnt, %ef‘cifiﬁ ﬁfpupbﬁﬁﬂgeters of

segnent Is |ocated conprises a property of a secon
the ffir blockehmanteribie ettedtiomrulhreomengecrprogertyrtfigherfitsh btpcls f

claim?2, whereip the first .block segment. .
SeeRa A AATPEETCO] 1o DD e B CE B Gilp P h (it plock
seghlefiSik 18agelk segnment property and the second bl ock

segnent property. 4. The nethod of claim 3, wherein

the first bl ock segnent characteristic is determ ned

fr a asue f ] t I - Rl
2. geoMrPRY o Flatl TR b e fhe ol ol Ahich Rty
blodyegifentisdddmedcdnipribes sv@peity o sédohtl ook eegrhent dematuddn the
bl ock segnent has on a result of the first block
IC8®Rar acteri stic extraction rule is dependent upon a
di stance between the first block segnent and the
second bl ock segnment. 6. The nethod of any precedi ng
3. cl &Tlm methed wéthod 2f wherkisrthe fingd bl sk sggmientehaiaptierisficis

Aot FOBICROL AP L IO R PREEF T e block
segiRfEpdtypck characteristic extraction rule taking

consi deration of the first block segnent :
characteristic. 7. The nethod of any preceding claim

4. gfg@gé lgﬁalﬁﬁ oFElal10d. GROR itﬁggafﬁﬁspdo}eis@gng% L alelilye

aracteristic extraction rule varyl ng one
det@hifidiefréri rashedshircdfaatiimive betvageathefitss block asgindnhend the second
second bl ock segnent characteristic in dependence of
blogkasggmest.r et urned fromthe plurality of bl ock
characteristic extraction rules.

5. The method of any of claims 2 to 4, wherein an influence the second block
segment has on a result of the first block characteristic extraction rule is dependent upon

a distance between the first block segment and the second block segment.

6. The method of any preceding claim, the method further comprising determining
a second block segment characteristic from application of a second block characteristic
extraction rule, the second block characteristic extraction rule taking consideration of

the first block ségment characteristic.

7. The method of any preceding claim, wherein the method comprises applying a

plurality of block characteristic extraction rules and varying one of the first block



10

15

20

25

30

8. The nethod of any of clainms 2 to 7, the nethod
further conprising determ ning an associ ative
w0 edoabiemshi p bet ween the first bl ock segnment PESGH®5/000423
second bl ock segnment. 9. The nethod of any of clains 2
to 8, the nethod further conprising applying a
plurality of logical tenplates to the first and second
bl ock segnents for determ fation of a readi ng sequence
of the bl ock segnents. 10. The nethod of claim9, the

e B L L D0 B
resufltb F&Em@@ Hof e PRl S bﬁféﬁﬁiﬁ%ﬁteh@t@@ltﬁbﬁbm fules. best

fit logical tenplate for the readi ng sequence of the
bI ock segnents. 11. The met hod of any preceding claim

el&{l]%}il étoé(::nyeo)%t Tt |2((‘§fr5]“;7'f fﬂllg n%ﬂtl(#]e rihl ﬁécgn@"ls‘?ﬁ%determ1mng

an a@@%ﬁtﬂv& esdatiorghiprictvéarthefirst bbckisephennnd titowaoehblody
application of a segnentation al gorithm which

seg@f’fal | ows nmerging of text blocks with different block

properties. 12. The nethod of claim 11, wherein the
docunment conprises primtive text blocks in text
9. co- "Dfednesthcbcbofmyrrd’(clm 2tth 8, Bieapecthdd @e@nemrapmmg wrlying a

o EUARL RSHRERS ORISR IR e ol o

a reABh e 5EuBhRDf the BINCk Begrhéls. Whet her a gap between two
primtive text blocks satisfies a threshold criterion;

and upon determ nation the threshold criterion is
Sat t
10. | o e,[ od Sﬁéﬁ%r‘ﬂg@g} \M@ @gﬁﬁé%t Mﬁgoé'a'#ﬂléﬂ ;gea ﬁtﬁé‘sts score
for ﬁie&pgmébﬁonwh edahi 1bg1tchbtempmp:e mfthelﬁrse and mcngd hh:ek Iaaments to
ga et ween two {) tlve tex bl ocks sa le%ga ents
detﬁtrﬁliﬂ@s%‘éﬁsﬂﬁ'&]l"ig%cé} % %t‘é') ﬁ‘ﬁrth%réa? %F%@Wﬁ?ﬂ CrSaFRR
or mean of the gaps in a particular direction between
the primtive bl ocksegnents and if a candi date g
11.| eskhetthethod hfanyeplicesding clmnvheu@ne‘n‘mrrﬁ@ applidakien 9?1% e diay

SRR ISR T ot e

elec(ﬁloﬁicr&)cam%ﬁt ByBapplieetisesthoggentatien algofifhn Sihidh dlsallows

determ ning whether the first and second bl ock
mergingrmsiexs bigcks avithedifferenf Plogk popegishsabl e pattern. 15. A
nmet hod of anal ysing an el ectronic docunent havi ng
first and second bl ock
12.  The method of claim 11, wherein the document comprises primitive text blocks

in text co-ordinate format and the step of segmentation of the electronic document
cemprises: ‘
compiling a log of gaps between primitive text blocks in the document,
determining, from the log, whether a gap between two primitive text blocks
satisfies a threshold criterion; and
upon determination the threshold criterion is satisfied, determlmng whether the

two primitive text blocks should form a block segment.

13.  The method of claim 12, wherein the step of determining whether a gap between
two primitive text blocks satisfies a threshold criterion comprises determining the

median or mean of the gapsin a ﬁarticular direction between the primitive block
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segnents, the nmethod conprising determ ni ng whet her
the first and second bl ock segnents are arranged in a

WO e@ognios@bl e pattern. 16. The net hod of cl ai MPABSGLU0&000423
met hod further conprising determ ning whether contents
of at |east one of the first or second bl ock segnent
conprises an attribute Iabsé 17. The nmethod of claim-
16, wherein the step of determ ning whether contents
of at |east one of the first or second bl ock segnent

T R S

gap ¥ dnlIn@@BloRR gD @hd segidntiag thd fmimitive tee bicbks amddmgly
attribute labels for a match or partial match. 18. The
met hod of claim 16 or claim 17, the nmethod further
CompLi , [ t rRtdr@inin
D L S B e

whetiet ﬂferﬁrﬂmﬁdtshatndtﬁieclbdegnien's egharanged npa resegniggple pattern.
attribute label. 19. The nethod of any of clains 15 to
18, the nmethod further conprising applying a plurality

15.0f A &Q{h%alofgﬁﬂ?élﬁg 88 eleBirddie dbdunsdnt Bdng GeRnAdd bteal block

seghents to erm ne a readi ng sequence of the %
segmegsmlm methpd compesm@htseﬂnmﬂng:w ¢thertthe first endgeqend Lok

further co i sing det g a fltness score for
SCETREH A ATERE Lfrrgfg? Sa%%rﬂag%]%ﬁcal t enpl at es and

determining a best fit tenplate is fromthe scores
determ ned_ for each | ogi tenpl ate., 21.. The, net
16. of Theynashodofglain 1% thems odﬁq@%ﬁ?masma Aptrapining HRther

confe QIR 'egsg gﬁ B?g{@biﬂbﬂ% skl Hidtk s%%ﬁf%ﬁtr QRhSrise s BB ute label.

COnt A ns segnent no ound to be
arranged |n a recognlsable pattern maski ng the first

17. ta Rgl‘h%eng (?cbgt)# ilﬁ,ﬁﬁ gm?% ?f;({ g%é%l e a?x?& @cgnt&{ts of at

leas%&oc;f‘ hdk Br bd¥Bnd BIRK @é’gﬁeﬂﬁ totpaseslaackiibaicdalstd @bhmipnkes
excluding the masked first and second bl ock segnen

chetldng theseneaistof ahe of theeirsidaseend birckdsgnfvih Gohents of a
V\,h f Kol ock
R I e D

anal ysing an el ectroni c docunent having a first block
segnent, the apparatus pein ra 0 determ ne
15, B oftbek oL aaE hb OF HaFRL (bt BEIQI Ryt omprsing fesing a

characteristic value score to any of the first and second block segments if determined

that the block segment comprises an attribute label.

19.  The method of any of claims 15 to 18, the method further comprising applying a
plurality of logical templates to the first and second block segments to determine a

reading sequence of the block segments.
20.  The method of claim 19, the method further comprising determining a fitness

score for each of the plurality of logical templates and determining a best fit template is

from the scores determined for each logical template.

21.  The method of any of claims 15 to 20, the method further comprising:
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application of a first block characteristic extraction
rule to the docunent, wherein input paraneters of the

wo 2eog7dh@ock characteristic extraction rul e coP@F/BEEOH000423
property of the first block segnent and a property of
a region of the electronic docunent in which the first
bl ock segnent is | ocated. é?. Appar atus operable to
performthe nmethod of any claims 1 to 14. 24.
Appar atus for analysing an el ectroni c docunent having

first nd .s | : : j tnot

oper bR Eard it AR AP R fne bolfaBp RALA! B Kbt no

Muﬁ@%b@ﬁ&a@eﬂ@ﬂﬁ@&o@ﬁs@li paitum;Lsabl ehpat t ]Eer n. 25%

Appar at us operable to performthe netho any o

ol i nmasigng espst . segonddilprk seemsRts 05&5&32:@& BETCSHIRS %fghe
conput er program code configured to

gltﬁgr%(%g%aan e g’ct roni ¢ docurment having a first bl ock

segneaplyinpe segmpnition geogthantodbe eentrsidry of dret dhegtronic

configured .0 determn first ck se n

daracdt syt T Ermca s e Fand P REERp foggscgment the
\%ﬁ@d’iﬁd‘e}%fﬁtdo@uﬁéﬁﬁgﬁdi on rule to the docunent,

herel n | nput paraneters of the first block

char adetemiigingcwhetheraeyiob theraisesmentpd Piasksangaggagedyin 3¢
-the f.i rzt %%}ock segnment and a property of a region of
[4588%4paDIG PEHTY document in which the first block
segnent is |located.27. A conputer program product

havi ng stored thereon conputer program co nf.i gur ed
22.1 o Anmeatpeiorgaalysing @ cloriramy dB?‘E’B?Igi g 2 S.tib ockygemgat,

i inD 8\ B SdkeBhehi \@afRReristic from
o SRSl SELALBL LR IOIS A e
appHitativhrodnifirstddodnemaradteaistio grtfaction ralado Hmphipwherein input

segnentss, the c ut er _pr.ogram.code, bei ng. fur
eGP G i PP G B iR LAY R orBpiog S Bhy of e
ﬁrs%l@&l‘&gﬁ{eﬁt a8d APp@Perty Bf ArdpREOeMh6 alebigordadbarment 20whih the
comput €ér program product having stored thereon
ﬁrstbinplui@meptbdﬁmcgode configured to execute the nethod
of any of clains 15 to 21.

23.  Apparatus operable to perform the method of any of claims 1 to 14.

24,  Apparatus for analysing an electronic document having first and second block
segments, the apparatus being operable to determine whether the first and second blocks

are arranged in a recognisable pattern.
25.  Apparatus operable to perform the method of any of claims 15 to 21.

26. A computer program product having stored thereon computer program code
configured to analyse an electronic document having a first block segment, the
computer program code being further configured to determine a first block segment
characteristic from application of a first block characteristic extraction rule to the
document, wherein input parameters of the first block characteristic extraction rule
comprise a property of the first block segment and a property of a region of the

electronic document in which the first block segment is located.
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27. A computer program product having stored thereon computer program code

configured to execute the method of any of claims 1 to 14.

28. A computer program product having stored thereon computer program code
configured to analyse an electronic document having first and second block segments,
the computer program code being further configured to determine whether the first and

second blocks are arranged in a recognisable pattern.

29. A computer program product having stored thereon computer program code

configured to execute the method of any of claims 15 to 21.



