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1 IMPROVEMENTS IN ELECTRONIC DOCUMENT ANALYSIS The
present invention relates to improvements in electronic document

anazlxsis.7M00re particularly, embodiments of the invention provide
%’paé’é’f&é’%r and a method of 5 determining a characteristid 5F 3 8RR 00423
segment in the electronic document. Alternative embodiments relate to

determining whether first and second block segments within the electronic
document are arranged in a recognisadble pattern. Embodiments of the
invention provide apparatus for and methods of analysing document

wPRS vRMEXESINGINCTRINIE PO SIESIER' dRcUegEs. 10 With

recent vast advances in computer and Internet technologies, a very large
volume of information is created and exchanged electronically in the form
Oheipesmeinteainsh ildsteWo tdproeassingregplicationBosttham MG safte

cre_a; dina varle'ty'o sty es an rmats ecC ents
S ETHETIA et Rmnist Sérisdin bl epkricemedt i thy Intirenfeviclonmt ey édernative
SHESSIARS QEANRLR IR U RS RGAH SANBANIE 6 SIS AR, the

%iz?$§éi§ ocument and its component parts (for example, the heading)

GRS AT 858 PradesnestPlsatatisrr Emardiacsietdbeas to
iiftetentiate tieatitie-dtonfdhendabthbddyfahteydiin hedasnsptidama

heng %i&ﬁ%%ﬁq%%&?&j@ﬁgé into electronic 20 documents with

headers in either vertical or horizontal orientation, table cells can be
merged to insert spanning labels and all of this can be completed with just

Wiweckioksaof dbruoey e ohuRE . arYing-PIRSRRIBERE IDIAIE3E8 ASRe of

) ssib!e. For exarcpgl , afield Igb | and, its.value can be differentiated b
it S seted o X ghineet lecFamSRY 5, Be ol S ARBARRIARA Bes.
Worsrpradtissiog rtbléicstions sexh asibficratioh WandpendSipresénieeinacriety
oSty es ingl | ifferentiate
e R
TP At BRSHIE AR PRERT Jatitsd thdSnseetcrtad HARa L My dont
typpoKtysashewspapentse POt aie. LRehndnbichipinalyconsishOfizc of a

ext with a_ heading above. Text c e presented either jn
%ngie%%@u%ﬁtl% dolum a%fggf} AaRIET g%}%@&lgt}ncé% 875?%%8 anged to
heprestsied trtwidanhediprgpbimivie rs infdiffartitintistprdierfroch Wit figcdbody

dabelsomonssieand isdield waluesoniis aiher inihecass fidanles.
sented either at the top or side (or both), with the WO -

%%@%%%%ﬁ%g%?§&ﬁg%m% or horizontal orientation, 2able cells can be

merged to insert spanning labels and all of this can be completed with just a few clicks
of the mouse of a PC. Varying presentation formats are also possible. For example, a
field label and its value can be differentiated by presenting 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 docﬁment, 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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2 corresponding values displayed in rows or columns. Each value in a
table cell constitutes a text block, and several field values may share the
m 4 Considerable efforts have been made in the art of document
T/SG2005/000423
ayou? analysis in attempts to analyse the layout direction anc composition
of the document including analysing, for example, the number of columns
of text, the correct reading order of the document, the logical order of text
blocks within the document, correct Iotation of a table within the document

etc. The same or similar analysis can be performed on document images
a&m&%&:@n@ﬁrﬂwﬁ@[ﬁﬁeddﬁwﬂ@mg sekinpro tackddiyanpedyiecetsing

ations, |n 10this anal Sis ctr n|c doc menis are o broken
S s e TS T RS e,

oW into text DIOCRS, m%%pen a specific
function. For example, a text block Wlth a font size significantly larger than

&&Jﬁ%@f&@ﬁ&%ﬁ@ﬂé&%@ﬁé@%& hatapiialinasiassdinetan.f thedisbts

gz ge of a document, may very well have the function of a document title.

teRbBT Rk BT S HRSHRR AL ROFHIOSHERE ShibR I REER T diRS el Ene
Ripekainptticikmuabae Siylarnhsedting teconesiendiaty tedeasditg document,
{ pltto: rﬁ%%f“df@e%‘& ttO“}ém“Iﬁ & Wenl” be.afield label With e vin
eing I S asSOocCla e fle ext S Can nave many

ﬁ;m@mm@m ctodiihg mwasnéé@reanab@té pas be isHipIERding, %Pé}ﬁépﬁag@s
E@We phelnfigld.velke c&ﬂﬁ!ﬁéﬂ?@ﬁiﬁf phableelly %@&E&%E&% éﬂﬁﬁﬁﬂ&%t In

and ayout of electronic text document nb hlgh vari oqu

b PP ER G DA WONEAMER PO B2t POSHT GuCHethint
B;rdutd%gﬂmyal afaexiethta, speigfitificoemaaFoh papgis, @(bm’dbécbeknmﬁsa font
PAGREINER D DHBAR, AT RXeB MG LIRS Qﬁ%@%ﬁﬁ% iRRame

ut a ayout can also vary great ﬁ even for the same

typelshebutinsenes aircupeRinTenYY eavel dines: the ORedsreofa o stpnsritige:

meibsro@& glBWsHusRd B tHRL M@&rﬂf@ nesﬁmaﬂqm giytearsed M@ﬁw
n aﬂyle ort bIe TQ\? inven qn of ;[na%%otols h%og ma
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30 3the present invention are related inter alia to two aspects of
bibelmddvateaile brsdsmiatagsbustanalysis and document information

extraction.

Further, the format and layout of electronic text documents can be highly varied.
Documents can range from short text in electronic mail, bulletin board postings, news
articles, legal documents, scientific research papers, complete news magazines or
journals, and even whole books or encyclopaedias to name but a few. The document
layout can also vary greatly, even for the same type of documents. The documents can
differ in font size, font style, the number of columns 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 héterogeneous. Embodiments of
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Document layout analysis is concerned primarily with image processing
and 5consequently is applied primarily but not exclusively to image data.
wiarmatanextraction is concerned primarily with natural laRgyag8,0s/000423
processing and machine learning and deals mainly with the character
codes used to represent electronic text. The techniques disclosed herein
may be employed equally on documgnts created and processed
electronically or paper "hard" copies scanned to, for example, PDF
(Portable 10 Document Format) or TIFF (Tagged Image File Format) and

tistinsee éntiyimoaesskded cuterdifig to tihe depiviqideaiscutsealybisiow. A

BB SR AR SR ERAIRGIRLR AeRig: i Afall merican Standard
Code tor Information Interchange) but the techniques disclosed herein
apply equally well to any 15standard character encoding of text. In

mmf' 'm@;&ﬁd ? aﬁ&%g@e&%tamy@pgﬁﬁm RiCiAes l_s}jﬁbeer@ﬂ@eﬂfiona"yf
confined. to. the Ir; € pracessin omain are a led ot nalysis O
Bl 8 D e SR e P ags dBa AR
esttettias invagepixkhiiegioly gutimidetid teaguer mggesyationdbasddnen a
1§&£§8E‘%@&%ﬁﬂ%&®%ﬂﬂ%%%&@ JHResGROEEPT of-avy: Iocalised Rixehrne

region being processed 20 autonomously from the other pixels of an
torhaisaes Jirsiorerbberein TN ge Protesd g atberdecHmsts Hersdand o
pelesitenig-desrinagnts: smpTisiag @Rasinaierunk eamieit, FDE (Byitable

content can exjst within.each document as an image Qr in any, native text
T LT ok e Bt SR oA s S PR
adowding itshyedogesindibppwssiddrelaw the case of the former, a

pre-processing step involving 250ptical Character Recognition (OCR) is
performed on the image text (e.g..in the TIEF fonnat or other pure jimage

ARSI B SeTace e dh A BNLY B R SRl Lty
e pessh e bedhbetenilthdsoligind dei upsiyteirotwhithdhey
S{mades %ﬁ%%agt%px&%al%%ttftg,%% diﬁsgg&s %ﬂﬁ@g&%&ﬁ%@%&%

INvolving conversion e native format document (it. TIFF, efc.)’into a

- tedmiavss RSO Muhtenels coriErd 10 p BrRanTEeCasingtRosEB gTqtaRplied to

tEXpefied trat.anydentAndirye wWoatbaesthalumayRxishibctig ol igihalques
sgglsgsrqugtgeiaspgcﬁ;rae?gggg c&ggg}paec{o\xllvggd%le aAggr%é!atTi%)r(ltbased on a surrounding
neighbourhood of pixels. The concept of any localised pixel region being processed
autonomously from the other pixels of an image is well known in image processing.
Text documents here refer to electronic documents, comprising primarily of textual
content. The text content can exist within each document as an image or in any native
text document format (including as a plain ASCII document) in which the documents
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 fofmats such as bitmap, JPEG, GIF and PNG) to recreate as
accurately as possible the ASCI 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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: ay then be performed .aon the ASCII equivalent of
'ltn (1:%& SUC; Stems I‘OVI%C ftor%én%lr% ea)%%gl%%% ERGS(}E

A known algorithm for segmentation of an electronic document into block
segments is disclosed in "Table Structure Recognition Based on Robust

Rlpsksegpentation” by TB. Kieninger, Proceedings of SPIE, Val. 3305,
Document Recognition V, pp. 22-32, 1998. Application of th'?s o@b 100423

equivalent segmentation algorithms to, for example, 5 document extracts
10 and 14 of the material data sheets of Figure la and Ib typically results in
the block segments 12 and 16 respeétively. However, by parsing the
document extracts 10, 14 in this fashion, it can be seen that it may not be

Aorssinetgopérioftr sipmemetividayantceratysis doqiaeadsttisdhcupnenits is
nicall rmine r ading order or tq extract

e T S R T

oe Aoeaissriglistirasdivgs ehSdEi&n/tid 88 aRy aeets feasaigen Furs. 136618

1808, ValpRS:{RJof BhY SICRLIAIN RPfhekiftid A ESRaRiVE)ibrAGarprIon
roblem arises in the art of-analysis of documents containing domain
SRS AR U SRR AR R 8 T B Ay, Jeealy

resafietis, thatisckengheniyliealy S usip @yisteinHHorowide bomtmaingite document

ifi | the imj i i
el Pl LRE sl M0 g AR

d9semame FEoY snel pon o B sesg thedoginsrs vistber slestutiesly to determine
tm@eﬁauvéﬁﬁagfr@frgxgwﬁﬂwm ??@ﬁﬁﬁféh‘fﬁ%ﬁgt@é ageééaegﬂ%@y@yt
P S to be nale N example o asyste:m Qr. domain gependent
BT R T TGS e R AR SR S Bt
atidbumatelnagesae steg. ZRandgd Bopnicessds dhieihratpsttipedd) to

prepare the document 22 to an internal structure suitable for the algorithm,
perhaps in the ASCII text-coordinate format as is known in the art. An

‘esepRY Brobisre dtistrst Prepahigalisit st datemeritrentving dsgtitm
depentRatcigynarrinblehliemhods iR e fiodls AberAibaly $s0hiuisgacusaemts
1%h(tair teﬁtlcon etnt,. d
anied’by any associate Y ?na ES aﬁffﬁ‘eld Wi?hai?\
thaishpbatesnting etaomibm swséilsawathw Hvent Wisaraditie aridgisiagtant further
FORLRP ds AMIRRIES h1goADS LigxtaNd s asRRaidedsstying. iaeal.ke

approximations of their true values on account of any limitations in OCR
demppnighetts R tash datnhdorinrrt frrpudanet iadtdrdidequivalent

ASCII representation via OCR software, while native text documents have

Cil e _ tve text documents have
A B SN R oo

Figinnd-inRsraTacrsn Hhidksadecemsrdinaess witiam Hrcandigierarensetantem at
step 24 to prepare the document 22 to an internal structure suitable for the algorithm,

perhaps in the ASCII text-coordinate format as is known in the art. An example of a
product for preparing the document is the PDW program commercially available from
PDF Tools AG. Analysis 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 OCthechniques.
Image text documents are 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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A block segmentation algorithm 26 such as that of Kieninger mentioned
above 5 decomposes the elements of a page of the document into blocks
ﬁf()eig(mg%l'(ﬁUSubsequently, a block differentiation step 30 taﬁ%@w%m 3
ocuments andlor domain specific templates 28 to assist in the analysis o0
the document Finally, a block-attributevalue labelling step 32 associates
the attributes with the values found in the blocks of elements. 10
Considerable effort in the field has been spent in the area of analysis of
documents of a homogeneous layout; i.e. those documents which conform
denSinie-anionnailing Bueelnenamhyhage dayditte hthanpsadgiaibly
cE;redict d. Heterogeneous layout documents are those whose layout is not
SHHEY or restricted to a pre-defined 15 formatting rule. Examples of
homogeneous layout documents include technical journals and business

}éeﬁﬁ%& sLeshnicaliokrpals. Ak cRusidersdoratativelernitatiilayattve

ocuments since they are typically either one, or two-column style, have a

drrempassh SrL e i RISRAE S DsosimErbFYHRIse s g LR Waragraph
tantedalamed by dhaiboaiuiibrsiral 30 fakmeaiiingnStodatynsyigraithain
SEAag fules Audle businase ARICUGE MEUNG. HISIPI0BNP QR Ja Qe
SRUhEnts E&h Consist of a ybrid-of information presenta i
‘comparding ssachlasshorze thaletaBlatesveitichp tebhes fonnhén Burblpaksief
g%eﬁscgadings and lists, all within the same page and varying in an
unpredictable fashion. A corpus of 25 such documents can contain similar
information but in varying layouts. One such example is the worldwide
colleasnblotonumbntickhbavban Mate iatbeSate iy Baty ShebisciMSDS)f a
MSDS are documents.containing. i i ) @%8 th f -
%Or%lﬁé? |803u§%% %‘ﬁélr'r(;’fc% ,Sgéégg%%é@é%%ﬁgganu actarae%rt ofgt%?g%%%al.

y
udglimsotmbosadanarhrenhe BRREF BAtITavedicteh MRt aIosrsarsdairsts
fmRlameyagheNRE thy 30 itie cambe-donetaicaattolatpr:laymuidand

format of these docymenis. The Globall rmonized. System for.the. .
TG SN B e RS S R peiea ourmals
ootboittess Wwithin Fretdiigbid iadlo s epradaads ¢hé valysinBorm layout
somprehensive e Al BIPYAING AL URES AW RRAANAND YRR, 3n

MSDS should contain."However, the standard's objective is to achieve
EiFRTe REEL HitH CoFPEEIHBEbH RS PAABH ARt APPIFSD BLIRBEHPY the
BehievenntnRImty iRy Sxatityfhatiniomddinmisig ftepmidsntedingiis

{C%?ans. ti}?t while the number of MSDS sections and their titles maybe
ORstant dcross all MSDS, the style of presentation will vary greatly from
one MSDS to another. In fact, the reality is that even those parts of an
MaDs thathavs.hash thsitRaming.canvsntions:atandasdised stildisplay
significant variance across producers. To %i(e lify further, the layout of

BHEPUSTS TSR AHRAIARTIS EehiSist B FRLHABIES HO T SrRATEIBR foF masnes

SeVESa), sRtidiis, thidiienanathenmayytonsistofdpybiidatle éishath vectigais of
and horizontal tables.in the sections, and ¥t & tirdmay sansisiobanly

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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vertical tables. The layout of MSDS information is thus free-formed, and

no international standard or style guide exists for presenting such
'Wf(%%%'%ldn order to automate the extraction of such doc %)g@ZO%S/ 00423
system must be able to handle the analysis of diverse layout documents.
15 US 6,336,124 to Alam el al discloses a computer implemented method
of converting a document in an input format to a document in a different
output format. This document disclosés locating data in the input
document, grouping into one or more intermediate format blocks in an
Rigprediate fasmat Aocsmant andisanvertinghainiermediate ANarmal
document to the output format dogument u i_ng the intermediate format
SABENS HRSTFET A SEHen s IEH Bt B U EP S ARG s
pf hdersasstedphired d6ED/) entstobittaterogehenits 1ayout exaddodhaents of
unanticipat omaj iS | 'S syst attempt
B e s

to

Beietdlogerdssnaipst tdesuriYBhfetie fiddsdprsomatiow wilihaegeatly
ﬁlﬁ%ﬁ&ﬁmdth | (%i@ﬁ&iﬁl&%fﬁﬁi%%‘?@ f_ma%%éﬁ gla@sigﬁptgtﬁmmb ¥ that
age wi ] COUIA result In assocClate alrs | ex OCKS NO Ionger being

L B e i TR o, A Bt R D B A B acs actos
hadhoegentoastayditfdastembatagait sfrate 480 thdeigunend ndyemideass

%S\!ﬁ%gﬂ%H%H&Qfﬁa%%m&%%%%a%&%@%599&5@8}’& YRR RN hybrids

-processes t e

pre . em at step 42 in a fashion'as described above In relation
o miurerticaimng Besiseriplasbigid e pectiiss. spdivet eothirdraryrgusistolipnly
{hisi sy sie. NeweysT: SAe1YNS 280AMHE0L ARG T Go0R 0043 7 user

must specify a text file at step 48 containing a.list of fields of which th

L RRL SR g o U e TS 1o G R

sepBd teesiratiiisoponch dompandstlae istorknseyreeaitls dmbaxdirabtsatiabysis

felavant informationdeform at step 52. $ Hitherto, there have been no

systems whiich can provide for the required analysis of heterogeneous

documents and/or domain-independent algorithms for determining

wsteIErH by et erreiclilayaut arcterpxteadhpddeisanid fethod i dreniting a
Ao ?n“a%’%{‘gtéférﬁ%éea% n2Risct of gmbediments of the-eset nt
invention to overcome 10 the drawbacks of known systems.

discloses locating data in the input document, grouping into one or more intermediate

format blocks in an intermediate format document and converting the intermediate
format document to the output format document using the intermediate format blocks.
However, the system disclosed by this document is unable to process as required
documents of heterogeneous layout or documents of unanticipated domains. This is
because Alam’s system 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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The invention is defined in the independent claims. Some preferred

features of the invention are defined in the dependent claims.

%%Ez%%%iénents of the invention allow analysis of documentl§ctolst%;e2005/0O 3
omain independent. By establishing a characteristic of a blbek segmen{)

with reference to its surrounding region or neighbourhood in the

document, the overall layout of the document is irrelevant and analysis of

the block segment can be performed7with respect to a localised region

around the block segment and without the provision of learning 20
uimplaiesoakRingi RD@mples Amatichgthisalgditinoionpesformisg #hshes

disclosed techniques is domai e t and does. no, uire.learning
A BT G eD B OE b L O oA STl B
poiticsumenthoblckeregeess asd aybatttcise gerfotindernpiiosdo form at step
sgmbodiments of the invention introduce the concept of 25detectin'g.

recognisable patterns in the layout of the block segments or detecting one

or more regions with block segments in a uniform or substantially uniform

Hayeus, e hlseksagrienis-arewibassast itk o skewhjched rensbysioot in

. - arecognisable pattern can rocessed first ;[}her mainder,of t ,
ha%eé?ﬁﬁ%eouf. ocxgﬂﬁn fs1am(?7o l%i%x%am—m € en{gnt %rrﬁt § %r Setma%tr e e

ent (l.e. e unirorm region mas eq r eremain
aptowessilyathetbemebel apovbgnte nxdudine ey duirintrsetirshifon es

dRopgRisaRie Rt theAocumenimeas sher brinderakh tSovercome

Embodiments of the present invention will now be described, by way of

- thedinpheSRRE RF v ¥Rsrence to the accompanying drawings in which:

Figure 1 illustrates schematic examples Qf document segmentation results
OAESE DY IR DIGRK SRAeRlAlen Ao AEIOUE.EIS Brlow
“charti us%raflng a process employed by existing block differentiation
invensioreerappfirsbie the derendentdaBitaining domain-specific data; Figure

3 is a flow chart illustrating a process employed by existing block

differentiation schemes applicable to.docyments with.a homogengous, .
RS G TS0 SR R Qi R reb O et
Eaneelgdtsbinic addeuameristiOcferibiciy smeniticibatder eomai itssforeuados;
rEAH 6 IR RIS A TS HAIORAS e SReHMENTRTFIENER iR

subjected to the block se%mentation algorithm of the process of Figure 4;
irrelevant and analysis of the block segment can be performed with respect toa

localised region around the block segment and without the provision of learning
templates or training examples. As such, the algorithm for performing the disclosed

techniques is domain independent and does not require le!axjning or training examples.

Other embodiments of 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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Figure 6 demonstrates a selection of schematic examples of variations in
primitive characteristic strength assigned by the process of Figure 4; 15
w9664 @ flowchart illustrating one implementation of the guteeblael o453
attribute-value association process of Figure 4; Figure 8 is a schematic
diagram illustrating implementation of the logical template casting process
within the auto-block attribute-value association process of Figure 4;

Figure 9 illustrates an example of a sgample document page input to the
system; 20 Figure 10 is an example of an output of the process of Figure
Ehbhimnanesatingpesdhssample witicammebs aédeighse, By iguseekimple only,
aéléjstr%t an exa Ie of a sayﬁleddocumentxgﬁ% .input to the system;

igure 1 |§%°r? examp &°oran Ut Of the process of Figure 4 when
m@emhuﬂgzmm@mmm @lmwhémf gpFiget saseen i eeddispmduced by

1 RIERT Qggﬁ%gﬁe process of Figure 4, whereby some
c

attributes of the sa ument of Figure 9 are specified via a template,
Figisré 4 4 %F&\ﬁf@ﬁ&%?ﬁ&@?ﬁ@%%@%&%&@%@%ﬁamgféi%ﬁwﬁc’n
salﬁﬁié@a@meﬂbai@ehetmﬁgm@&mmmﬂagm 15 is a flow
1;char'ééllust t|n %Rgﬁc%ﬁmn WhICh featupi? g‘llipeeg)c sko({ %Qre
1a%are used in conjun gure 6’s a equen ematc
sdiagx@mspﬂi@@xmmgomm@@@% 9{%@@@@9@5@9’9?@ 17 |IIustrates two

B‘?%ﬁ%'@'{% st datelie.atEbuR R RS0 6IRIN-6MRIRE Y Qocument
07/070010PCT/SG2005/000423 9 Figure 18 illustrates a segment of a

B A GG HRASE SOBEREPEYRIYYus layout and a problem arising
Higmre &m&ﬂtﬂieaﬁmneﬁmamo@d&s&)oﬁﬁi@m e Biputhé tehehsmbjveat iéifare

9.s n ting the result of applying
b ek e%yaﬁ af) 0 Qﬁgas o @(%E%Hﬁﬂ é{ﬁg%

e pr 5cess o |g re me’page segment of Figure

Fwars FipmenspassitseloripREseicagbe Griemle petersercsrsmaiibst
FaRRisHg-aLeapAr als dakl 6 eims arekiabigsangtn boundary lines; Flgure

1lis a second le of a docum nt Of heter neous ! cal
R AR LG o7 ROTIOLANG PG ot b e
association process of Figure 4;
Figure 8 is a schematic diagram illustrating implementation of the logical template
casting process within the auto-block attribute-value association process of Figure 4;

Figure 9 illustrates an example of a sample document page input to the system;

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

sample document of Figure 9;

Figure‘l 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 s'émple 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;
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Figure 22 is a third example of a document of heterogeneous layout
comprising three 10 columns, consisting of headings and paragraph text;

@@95977%3, A fourth example of a document of heterogeneo};ts#/gé%{)sm 0423

presente |n plain text with little formatting, consisting of table-forms an
tables without boundary lines; Figure 24 is a fifth example of a document
of heterogeneous layout presented with each section in separate boxes,
the section headings being to the right of the box instead of at 15the top;
Figure 25 is a sixth example of document of heterogeneous layout, the

pigrmatipnheing Rigsented With £86H SRLIAMNSHNVRISHRNAR But and

;%Ilsts to present information; _Figure 26 is an example of a

B &SRO R BR AR S PR RS O Fksre 6#261%@%?@%&

rRaddig lﬂr@. ealm@@&daﬂmﬁamagmﬁﬁmngmg@mm%e st iof
an emb ft e reaste) lg}mventlon Refe nrzg 1o Fl%rre 4a

0CESS.0 &} c. S¢ 'gllﬁi’:
B omaln-ln ende rocess aﬂ’}]e ana YSI an 25 electronic

Higoe rzﬁsistﬁmﬂ mwﬂde efosdeibednte bst@zg@n%la&eygrm flemsistibgol separate

t@g@%@&%ﬁg@g&ﬁg@@%@ye in relation to the prior art processes
of Figures 2 and 3 The E e-processing step 64 may comprise the step of

Fighhafidiyssromb of BarETRE BBEW%?WWAQQHW’EI%@@
t%ﬁ@ﬁﬁ&@;lﬂ&ﬁ%ﬁﬁ@ﬁ&ﬁgﬁiﬁg@mﬂtﬁa&maﬂ mte and font infoimation

hatl elate%i_ all th te onten Ouﬁsc non-PDF {Ler
aé Suc Gé gso or‘gn T‘—Eﬂil'clﬁli_k % &é tmay e col ver%gd
Q@IP@PE fonsistirfied. hmdmgfmdm@rﬁ%aéhtem converted into a text format

FFMEE S COMRISINGHfelerd anstheir sariesnending rosteinales:and plain
font-related infonuation. The, Cons rfd Block Se me atlo ste 6?, .
RS R R TR RS FRRSHELE ohip @s QERS BRSSP Y y lines

Higorezs ithafifthrepeatecofor dachcusd btervgliftodsi @srmﬂ Ilaresantﬂaélvu&echch
Jn.ing %é'%ggrg?f béz&'g&r thnddentifisd ARQve tl;m?e PIAGS Iy EBINIRg . of at

Constra Ségmentation step 68 involves systematically testing
teaitpand every block of text on a page (no particular order is required)

r&@@&%%miﬁjﬂgeiiakhgrbtqd@&am@ﬁi@ﬁﬂy@%gmwmyeﬁh%ﬁhﬁamaﬁon
nei hbourln cks %o |t§Ieﬁor rlgra%l it horiz (%)ntall 1) er s ar
tﬁ’gf R eosﬁ ng %focﬁ AR Sihnadiate ely /' Above or S it; and if

iitdisterce from a

Figure 26 is an example of a hardware system for implementation of embodiments of

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 deécribed.

Steps 62 to 66 are similar to the 'corresponriing 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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10 neighbouring block is within threshold vertical and horizontal distances
(determined statistically by step 68 via an initial scan of all blocks); and if it
{a@szga%m set of primitive attributes as its neighbour (Wltli;étﬁ,g&@()s 1000423
exception cases, one example of which is given in the following

paragraph). If any current block and its neighbouring block satisfy the
above criteria, the block(s) arc taggeghas being part of the same

composite 15 block. Where either of the pair has already been tagged for
merger with another block, the same tag value is used. Otherwise, a new
wniguedayos gahrmetistuiare alithiuiskesiaveticad thetechuripgybog co-

Juithinthe Page-Mtdlecks shasinahesame g Ef&ﬂ@é&%@d{a‘&n step 68

composite blocks. The Constrained Block Segmentation step 68

ifgpiifissiatedtid sHRctanfs Qetgase ﬁéﬁké@ﬁ%@i’@ﬁ’é@ﬁﬂﬁ&%ﬂ@@sﬁfm is
ré@aﬁmmﬁeﬁ&l\bimesbmhﬁhﬁl&iam cosianth mﬁh@@yﬁlﬁlﬁwﬁg&%@ﬁkm

block Th .Canst d BI
R S e e R R B A e B on R 8 tne
invrhise sotaoiticalls estomesbsaod levanshlodt et tsxstenistivg e (mfopdrticular
FharRGiekislies ARdtReRRE- R8s UG MEKQINg Ok SHAACIGR, Wakds 204

lines into text blocks of interest in a page. The Constrained Block
SighhouHBRRIACKEp %%1%\%|8ﬁé’@%@ééégﬁ%ﬁa%ﬁyéﬁéﬁ%ﬁﬁﬁ%ltﬁ‘@%lb?&}aﬁées
Hoolereifiagientedisehafiiety hiasksod Beldd thandhbae psesde ey prior
orith ch |on above nd as ill tated|
B L N A B R Gia
steistinghipperpfhvitcekisdighseratdoi blaske) pﬁﬁ]ﬁm;hwlmsmﬁat of
pQM&FJ%E &ﬂ@a&@gﬁg@diq{?ﬁiﬁefgéﬁgeﬁtw@e@%ﬁ @;@t@ﬁgﬁtaﬁ&t ﬁdﬂ@&%ample ?fsvéhlch
consideration. of font style, fQnt size and capitaljsation, the ocesso
RS TS o RS AR BT Rhott A AR FETRR e o i
samgfsdiﬁeabmmﬁﬂm dlsedrigiisitare mtpbildebeisgglumsftnt stylespofomisite
b%?c% Higrs &E%?éﬂﬂ%%%%aﬂ@ﬁﬁ’ﬂ@éﬁ%@%&%' é&%%%‘ﬁx‘éﬂ@d@iﬁ% ﬁ?ﬁ%‘
s the result of t

A typical result is illustrated in igure 5'Which s oW
tesoiastedimer ptde RS dittaiie P AR HHaY o8 eeaarRicEn Yher allocks
1Rt Bes REdocHmens WMﬁ&qu)é@el: LB ks AaSIAQ WH, smﬁer&ﬁgJé&% H&oed

. more fra h@ kno in.the art o>.For exay f wi
e N ST e e S

m‘@vblndtrmbé}@a@mg Ib%gh@emag bhekyio m@r@mmmtm@mwegmﬁ@ dnd
%%%&M%ﬁ%@%ﬂﬁ?rﬁr gsance Shids cYRshaaGisld - enbe onsdlithe

Physical Form" ests a change in function type from label to

RS agmmeRRSEeh fgttrRegper P Yiftnaegeitg e Daitwnhe
o@m@lﬁ&h@m@@s wbEigmse d@ﬂlﬁﬂfﬁsﬁhﬁsﬁﬁﬁmmﬁlﬁchérdﬁt&isﬁtﬁ Memﬁes
S.segmen nted as a arate Qlc‘;&:()kr ecayse it |§Os£et i %text

pa Jacen and below is hot. The process o??‘—slgure ¥y caﬂaﬁo(\)/vé?/gesinaude

msﬁél‘hee&@mmftmm@m@wym Exarmpks: etsauesrivtpagdgorithm

hrzontalSPacRGREMERA HuQ PO SRS NP6 RESY BNIGTIRT QIS INb:

text blocks of small jont are allowed to merge with preceding larger font

SEPTIsEE 8 ared AP th & Lisaieddp S Fothet
1§Qd|§@ylaﬂﬁir353qfrﬁxam p@nm&go&xe@wﬂmmﬁmmgm@ﬁm@@tm

S ted.as a comm an ckW|hthe ection titl YSICAL
SR DE PR T R o i et loenels afasison e

A Pbngeémmelmgnsr&ﬁsat@b@cﬁémfabémepﬂ@hnda)ggjltslmpphndhhat@esq of

4 I630eS WG DR MR Y Iagfg JUExad i ARRADSHE G string

t an as a standalone block. Even with

- 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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20 such exception conditions, the result will still be a segmentation
algorithm which will produce, on average, a significantly more fragmented
S8 afotesbilpcks than prior art algorithms. The increased fragmeniation iz
text blocks produced by the Constrained Block Segmentation algorithm 68
is desirable for the Block Feature Extraction step 70 to prevent text blocks
of differing primitive characteristics (?§ will be explained further 25 below)
from being merged together, where important information would be lost.
Next the process applies the Block Feature Extraction Step 72 and
Fimite-Bioidkhtivivs theDéffeltaritiht Chmtdibab Bl Feetenict parfgmitsians
AUt : ) L . he 1
B e e P e e s, 70
refiiy ssneae fagrenrsioas hnss reveadn sk and classifies theni into
potential blocks of attributes or value blocks. This step also WO
007/070010PCT/SG2005/000423 12 performs.an association of the
AP HBLRE M S OF BIBCRS 2R Eter A B areeean e
spaiics: hidaoks 2t epacitggibatd cFih el Blotkweedtueack kira dtistil IstegmiéRterdsaoa
ABARIESE AL ARIRINSHS i aassin b vadous A L= islere

characteristics'to candidate text block segments. Each characteristic

Rfaic AT S anes Hehes i dvnralrasny Ebré &2 Milapy itim BBy S Frarant

rRbsitactMackdypasutrabaiimatareades aomid assasiafenwidueliferan
arts af a document..The step of Auto-Blqck Attribute-Value Association . .

R T RS S e e N s

boklaridle dst¢cthedipiatt arebslomidraatoTheprdestorfiEatendrtaneb ot vl

iRe AR EHRERRIMR SRIAHON tonEioby el <EachoBICAL BRI  orizontal

represents a distinctive logical path that traces out the proper readin
SBREHIG RERREP IR O 9% DI SR AR T R TR 6T R Wq&afﬂﬁt
LOWREWRANS Hhapearith abstedtidlagatipe iorkpietenting Viayehding, and
sequence. The process can i ini ipation

R P S e D e nea
gkl B édsotithfogmeanten apa aeamen WeskTatl Bpreiprogea g dita
ANDCHIreNar IePIeeStRITE Sesies dldeauisive sampRsHpnRs Rl Biprrealiamn

. whereby the ﬁingle trunk of the tree brani%%s out into increasingly smaller

e AR E RIS RTEHR R AR FSRETRAEHA SR Fggte?‘]’ﬂél?ﬁ’i}oat%t SHEDIaHER®
meiihegBrjvivledtathapbehefiositiorudgthits msediatersubldsiafolesyit
dhe context of Rlask -SegmRRIALIoN AN 20 I0LUMENS e MRS, which will

document/page may be considered the trunk of the information tree, with

IR YeRiRTSRETe’ YepiBeunting osafraamenisd sehal dxhdorde thae REIpaSS,
DS SeaientNanehes (epfRER R BlRkspetonsdIBlikey cotdalined

ingle words/characters represent the smallest, units of infarmation at th
et e e e S
typeseastaxt btk dfferits valmétiierohatads)isivit e 5/ barsiohinhé fusthe
A 3 SHRYAIIGHAY SR AR W AREEHRROL IR (R st
beco}m‘ctﬁelgt.%(%gttrib%%g t?é%he Iét?glr% value. Within the context of :
attribute-value block pairs, some possible logical paths represented by

N@Qﬁ@l@_ﬁﬂ%@ék@ &99_1’15@&1@@@3&%&\{@;@ Qi&@%ﬂﬁﬁ{s&%@dm fgxﬁtmﬂy-ﬁpﬂk Attribute
eft-to-rignt; re -to-bot or eac Ir pug leftto-right en
it N e TR e e R
Bmdioresxdirit) ixodbstoibdd reloltiplecbottorrly kmase fistheduwpleaigBlodi.e.
e AR e RS S

Jassifigatiamdptapotasiish hlogkaodasirtes or value blocks. This step also
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13 title and all text blocks following it (in the logical sense) up to the next
section title; a header with the recurring text block at the top of most
RRORSY &;O&Ofooter with the recurring text bIo_ck at .the bottomngg @(923(}05{000423
pages. Although text blocks are used extensively in the above description,
the process can also be used with image blocks, for 5 example a value
block can be an image block and the aSsociating label block is a text
caption about the image. However, e roles can of course be reversed so
that it is the image block which is the label and the text caption which is

pihe¥AlUE-Thei iaRde Rtk iR 4R Rk IRE eiest iR Ohe BIeNAIAANSE BS 1B Al
value. So a standard text caption galred with a digital photograph that

altaRIE FeRIPE 8P QY Eh &PiCHRBE hatural as a label-value 10 pair, while
the same would be the case for a standard graphical bullet marking a
aragr ftext. Figure 6 shows a s ' f schemati
B L S e e
vaémeir&&tva@méwsteﬁmmq@mﬁwwm@a%ﬁé Exthetlorr sy aphids a
HisRogk-GhABHe I SicRXUaRHan E@k%dﬁa@tﬁ iRt IGKnimbRe dhustiated

embodiment, input parameters to the block characteristic extractior% rule

e B R ER B2 BB A 8 TR of the

dedesteaniTidatsod i Bhich Alheifiust-Mack segmietibis7btatedhExadidks
of the propert st bl h st f '

S BB e TR B SRR

sonsetHesieal Himmiates enviHdie davaibedetais Angrladon ki s %St Jgsical
1 BReNteRiGediRa BIReY: 06 dhal rrgiomafithedosumanbirwhich thediigice

block t could be the dist t bl t(i.e.
A 1 e DO NG ML SUROR B R Soghibr e

abspag ledygperiarcpratysisdfstre ding teqtsnica Becpodeioek wugwranively
IR NG EHaR N SBPRUIRRNB LIS BIRASHS: Ihe-hRNRMIR Lo de first

block characteristic extraction rule comprise a relative comparison of the
dprapertiess elogicanisansBHBPAINS (7L TIHG BRRIEEIRT TR RetHR™ NS
deegianciife Suchpibvdlling seefdhateturinbodimpesitiont dienfynesimof
ngl%gge ’ees)1(ne ?%&melonkoéé%% {:lr,resetbtz):la%% e%hoq{tau%g ri'rsxyr%e{sengu iy %lxé[)agghﬁs of

frerénces iy the first bIock's own representation, andfor a neighbouring

infwoutid) S0hblodkes: et prasprstgitsd, bor anvemeHuaegbr wdlb heaamsiveienido the
HHERLENNG SPALE iRRIWESR (he tadaacks 1B Eigide & HRBKNQERSRMn on

Figure 4 determines a characteristic of the fli{ést?%lgggﬁ%gm%ﬂt (efg. bltock
BRRaR BB B BB £ Tt & the niommation
26 0¥ AN HAR(HFARB20RDIROUAS say, the sections of the document/page, and -
sub-sequent branches representing sub-sections until eventually single words/characters
represent the smallest units of information at the terminating branches of the tree.) Here,
we refer to these two abstract types as an attribute and its value (or values). With
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 lefi-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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14 parameter which refers to the quantitative likelihood that the first block
segment comprises a field label; the parameter "V-likelihood" refers to the
%ntltatlve likelihood that the first block segment is a field value. The
exampnie in Elgure Ga illustrates how the presence of a Iarge'?%@ﬁzr‘f?éﬂpﬂﬁm
spacing between the first and 5 second block segments 80a and 82a
causes the process of Figure 4 to increase the L-likelihood parameter of
block 80a, while determining a charadferistic of the second block segment,
e.g. the L-likelihood of block 82a, after taking consideration of the

eheractanstic theilsikelbogd: ﬁm@ﬁ@@a%t@f Estiplack. spament Hﬁ%‘

is, the I.-likelihood parameter parameter of block ségment 82ais reduced.

B IFrbRISK 2 B iRRARE R esash afiohTeriar Tékithe
segrmeptaAalisclike |§h£(b@(ﬁ)ﬁ1 l@ihﬁbﬁﬁ\ﬁggd I lﬁﬁﬂk&% @ﬁﬂ@f&%@%@é dhe

ENSIvVe

segments are s ?éll%nﬁ‘i'/m 3§)éll’y s eI FPEIS% VB Ahste g%flfﬁ’efor
seuopld dbicdreddgelieann dpandmasddagh inid ﬂnk@sdwmmwlmmk is a text
saameRteARmYRlURL I FOMIe BR-IL HredsaaReiation of e ien i

first block se ment 80b in uppercase that leads 15 to the process 0
ERGER S R CTRRLIFRLH B! BROCRS E5HREM M sharbssialp B tendency is
mpmﬂm@tqmmmwwm@wnhkelmew@aaaatMﬁ@f&e@%tmﬂm&d

m re 6¢c, t rocess increases the L-likelihood
pat%arr;aé%1 OEI firsth %c%&é&?ﬁ@n%%rﬁéegsa?g fext i borde fﬁk&]’gu?é Bl galue
e prate Heesahy waﬂlﬁ@q:@l@me)fehmmmwm biffiestiskdilg 2
sagmant 80ddhat leads to the process to increase the L-likelihood 20
value of the block with a corresponding increase in the V-likelihood value
of block 82d. In Figure 6e, it is the absence of a larger-than-median
Viguied Spercingdeti@eot Hobawaitextbipicko Bde, x&ﬁetidn&tmqm&ﬁsmbe
ttsclnRd QLRI QNSERIPE 4R BEGINGE. EXEIS Sloll 18 W, pioa

representation of the text of block 80t in a larger-t an median font size

firaieabsaacien SR aRRBER SEthR AP BeR YecE ot Tt text

tﬂm« e ety EasARdaaBNisatha b exaciedrs BIHE BRINA RERAIUES

|I| rto hose skilled in the a crete eces f text extracted from
eorlgln S USCUERTES gPlglF ﬁt[%& (éfgnf ﬁ%‘@?@ﬁ?#ﬁ%‘?ﬁ’lﬁ%%m@

thestrivdivdeewniktidnfrag shghe Gfstehiv ok begdremidetliveaditElicispls tfatont
gx&@z&&e%@a @[&ﬁf&%&%ﬁ%@f@ﬁ@m@%mm%%m&

ragment. 15 Various other Block Feature Extraction rules may

msabdon & Pt crs P DRSS SeRu a8 bR Pish adpTiitg aﬁy%ésadwéke
of ﬁm«mmmbmmmmwheﬁy P qﬁsmmla&(ﬂccmﬁa gespipImMidRgion of the

r ned to det ne th veraILllkell nd
%]ﬁ%% éﬁn a%ra‘%rgél or: arac%n}lgtgllc ?){rg;)ny%%)t e strac %ﬁ?gn(%% ?j{i

segment (i.e. a measure of a d1.stance between the first and second block segments) or to

‘ cess det m| est as.ac uence of and two bl
IR g fh

a page edge, or an analysis of the contents of a second block segment 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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50f that block. It will be clear to anyone skilled in the art that the size of the
increment or decrement in characteristic strength recommended by

Qig%@%m%k characteristic extraction rules can be varied, §%m2%8é§§0 23

rules can have a stronger influence while other rules can have a wea
influence. For example, the process may recognise that the presence of a
colon in the first block segment provides a better assessment of
10whether the block segment is a label, than a comparison of font sizes of
text in the first block segment with that of another block segment. In

pesaheietiviichsofets doi e iy phisebkeoftibel His dsaHae skiiteprstk
c%ﬂﬂ@@&%@f@lﬁ%@ﬁiﬁ%ﬁﬁ%*@?&@lﬂi&ﬁ”@@@@@ﬁ%ﬁ%ﬁt&ﬁwed may
be less and, as such, the |nfluence(g1igtseionﬂ,géoc}< segme thaséon the
likstibrodithab i Bl SRk R ERTEHS AC B R A |87*i§‘k9§ﬁ§% i
iihBless; toattis thednitarfed agrethaccedingtading tistarnehbdivween the
block,segments. By, ing.t A alised.reqi S,
R B e ol
ligdihnodpatrayean of hdeck Saundedctonmnipiaisbrpuadeitcel Hist foond in
bm&c@é?ﬁé}ftt,-e?&_ ot eititust JtasRIPess e mpleMentMiaaRhbehe
Auto-Block Attribute-Value Association. st 745@Dﬁejz$endlng£%%the lo Lcal
R ST HE LRGSO 1 GEK PLoSt A dh Aol 72 of
likigitioe dipisdmdier od S oakstegtirgt I8iicls rsdsekel fecefrbmithensed Ofhtepdocess,

DIgsks tae?e%%%%%ﬁ%&%%@é tisdRpinan MRiAYHRIock seamantinArife

ocunient c osen. A logical template will typically specify a minor

inidawnelh Frpsreerisiniartisthel Heseredrenpheh ttaddididao block
stareuah.aAllofackain *IfReipBrasiMal FslRdilite Seauente of leskasid block

block types which is ta he concurrentl cled thro steps 106.- 110
SO R R B R b S R A 16 e
Gpaithis shr aceesenittivolldtindetidnfastdriodreaden iiPbha vonaase A ekt

B RgRk e finhhlosefdenpexinnwshiminanarisBloskaldadhaimaut
set ¢can be determined (step_96) and the process is repe(&t)gd (steps 98-

conEPaRGIRgIMsKsaRs R4 Baknlhnan PG Mg s bR FRE R 1P
e dogiea) terpplates(diapatdhe -likelihood parameter of first block segment 80c

as its text in bold. In Figure 64, it is the presence of a trailing colon () character in the
text of first block segment 80d that leads to the process to increase the L-likelihood
value of the block with a corresponding increase in the V-likelihood value of block 82d.
In Figure 6e, it is the absence of a larger-than-median vertical spacing between the two
text blocks 84e, 86¢ that causes the L-likelihood of the lower block to be reduced. In’
Figure 6f, it is the representation of the text of block 80f in a larger-than-median font
size that causes the L-likelihood of the upper block to be boosted.

The block features are recognised and extracted using known techniques familiar to
those skilled in the art. Discrete pieces of text extracted ‘ﬁrom the original document (e,g,
into the PDW data format) contain information that indicates if the fragment of text is
boldmnderlined/italicised, the font style/size it uses and the character components that

make up the fragment.
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WO 2007/070010PCT/5G2005/000423 16 specific primitive characteristic
is used to quantise the quality of the cast. This characteristic is

y the part of the abstract type sequence that i
allg%gé?j&vﬁ%ghe block. So for example, the first block in a p?g?eF /%%%5/000423
contribute its L-likelihood rating to the logical template cast (in the flrst
pass through step 108) because 5the first abstract type of the template's
repeating sequence is a field label. EXtending the example, if the second
abstract type of the template's repeating sequence is a field value, then

%&m& blesk Paatﬂee FagR MOk I RaRHD u&ﬂ&&ﬁ@@@@d&@d&&(ﬂe hes
ec assthrou ste@ (%%o}&sam minor axis swag the
ff? t@‘? ?ﬁ?@lﬁﬁ‘&& RO FRETOGTcE frRpTEE %‘é S aERedively
ofianties m;mmatre nfmf&btenﬁiew&mﬂhmﬂaﬁd&ra&@mrﬁnwaﬁéach
eﬁkfl gi‘ﬂ?ﬂpe%ﬁso@gafeﬁmgy aéﬁgeé%pzx@%%% t&& gl
templates (s glcaf

tep 114) the process is thus able to d ermmet e tru

Hfdhstthlecks %éiﬁbbeﬁbﬁes@eﬂew itkiHedia dee artdhabiaiepn o thedmgrasyent or
ABaRRIAg ﬂ%&%@@@ﬁ@%@ﬁﬁ%@ﬂﬁ@ﬁ@ﬁ%ﬂﬁ@f&%&hlm&hﬁ dogig@bristic

t lat te tin

ORI EME U ke L ET £ LB L B YevtaeAbmr e
qﬂlmduda:lcazshm ewtpaitet iFlotthe Emt@@mdk AitribotesValaerdssmdiation
t%%eﬁg 408 QWA 1P ARRIMD ?&%:%XPH;%%EQS s Lgégﬁrﬂéx‘ﬁ’ ijsbe

clearto a %erson skilled in the art that the process of Figure 4 will

wheberits Yatkatremeniine Waeidlown ereprirruesfmetr e ohisnbydag first
Eejmbageaeﬂhembyamg pash2Qsasneidaeeoniiueddmibioubigheing:ttien the
absence or presenc ofc n text blocks which.da. not conform, with
rgc%sétlécu%ﬁrg reqﬁulre?nents oai%hegf’[1 aléséﬁe r\é\iale ely oy é’xatghrwﬁﬁ rr%g:lonslder

mr@@abe'\bbhe paecrdbipdanserhpiase %pbeﬁe@hh@p bllmcmﬂm sseond qsdirs

QLA ipbelsROdyaeeRlang tia e @%%ﬁ’sﬂg IRautineuEaR Qﬂ?ﬁeﬂ&nﬂy
Wlthout continuation onto the next minor axis along the major axis), and an

BiibiBs BERSACS T BIGLRECAPETE RS LAY ELOFERETAIRE PLB0K SHHRF N

|nconS|stency arises whereby the final text block on the current minor axis

1'%/ %p%@gﬂ?%%%ﬁeg %%@B%ecf% B EHERRY Wﬂ!{‘ﬁ beldkyalye fg‘?fé{)a@ %%k

t. To put it another way, the type sequence oop encod

s&g.zauﬁéhqfﬂ% P@M@ﬁab&ﬁ@%{é@wm& BYRTERRTiARt fﬁisseeﬁdemam-

jalcpunStances siekl asttRestradgenalty (step 104) can be imposed on the |
30logical template's overall fitness by way of some deduction (either

derived through a formula or heuristic) from the accumulated primitive
Kigaratalistieteatimgssiflaibipbrkentative rstiti s difmrBlbgk Attribute-Value

Association step 74. Depending on the logical template into which the output 90 from
Block Feature Extraction step 72 of Figure 4 is to be cast, a starting block is selected
from the set of text blocks to be analysed and at this point an arbitrary block segment in
the document can be chosen. A logical template will 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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Figure 8a shows a schematic diagram illustrating the Auto-Block
Attribute-Value Association step 74 of Figure 4 through the application of
-to-right logical template of attribute label/value pairs to_a region of
%ﬁ%’ﬁ%@%@gmens that has been produced 5 by Block Feaﬁﬁgé}mwsmo‘m :
Extraction step 72. Figure Sb shows contrasting diagrams where an
alternative application of a logical template that enforces a top-to-bottom,
left-to-right label-to-value mapping, is applied to the same region of text
blocks-as in Figure 8a. In Figures Sa and Sh, the values of the form Lrc
speidfiyprirespeclivelytatpiesanttio fuikelhdooaniivefikelibamodhis
RARTEIRe ke R Blok Kenifiad v R HAAEIBB IS, Hhinn
overall fitness of the fe plate i1s then calculated from the scores of the Z

afigey with thobladsabarfrsriampledhe HeHblrinapIseriestitnaindeas
u(g/aﬁ{gfw%ﬁ@g%lw floesnol _@Mgi&é?&f@g&%@wh s?rf]ﬁhla@ gg@'l Iteg?@ai@se
l.€ OCKS are missing rrom the points wnere,ine, | e ates
s et T B WP R GRS 1t B e Lo R e
clogindd, tifihplsteond Highre Badfithettenptite thepditing Sctpepiate ofidlijure
aRaltsmalals et biaueRa eerea o neRRiies andindincanofa e
while the temp igur

ate o e 8b imposes eight penalties on the fitness )
seeone PEY HopgingemtOfofiicsamsrpnaedds the thisctandhe arliahiaansns
ofthaCouRet €eaMing SRAHABER D RiNEREY &) ARFKeXINAIRMbA LIS caBsast

determingd by th f Fi 4.20 Fj 1Q.show le of
R B TSN R R L T e R e i s
flepagd i Bifferenttanipbrict{stepgdrithtie pascproisabse dblaiorinierdose the frue .
155emRlies hysthat dusrated inkigyre %3%%@%9&1&%%&{%% %ﬁ@mg

extraction techniques at process steps d 78 known in the art. The

sk the ehttsroangision seeded BHEL rdesstranarfeLr Bl dy the

| rapetvaiuese figuied kishawsatoiheetoeumsnblvtierenhoidgonia band

shacna e sed loindicaie albulesANINABR KU IR SRS IS
output from Fine Grain Block Differentiation step 70 after processing. 30If
Aleocistipnigies Toeiimred s Ay ecpossidiy tigttpasawtrigons, a
template of selected attributes can be provided, and the system provides

a simple match of the selected attributes with the cofresponding values

(7 5H e HEBo LR BB T HEETRt) (BPa o £
dmmmmmumﬁyd[g ﬁamﬂbt&a&aﬂ%ﬁ@f&ﬂd@g&@twﬁp&rﬁpﬁadwmw
et saleiad ARy Las AlA. J0ple e R el Al i AR et e

tributes from the template with values text block is performed to provide
i Sudpamosoridone wilshpwdatiowtsAprersmis e ohelas M demp ke SRite of
airbuesoinied 4@ thesyisien Wyral asnippu eeunenbdike dkigteecur in

pairs of field labels and values along its minor axis, without line-wrapping (i.e. without

continuation onto the next minor axis along the major axis), and an odd number of text
blocks are found on 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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With reference now to Figure 14, a process for analysing a document of
heterogeneous layout will be described. The process begins with provision
%%a document of 10 heterogeneous layout 120 for pm-processing in a
manner siflar to that described above in relation to Figure LS @P@@QO“”
of conversion to ASCII text co-ordinate format and Block Segmentation
124 and 126 are also similar to the corresponding steps in Figure 4. Using
the co-ordinate information about thelbasic block segments obtained in
step 124, 15 the block segmentation algorithm 126 connects ASCII
primitive block text words with similar font size, font style and in close
Pproximity to one another into composite blocks using a_"bottom up”
APPFHCOTA Rt dRemalin tisgram pORTAIaS Db 9@{@%&%&8’&
AR Bie DUt B dresursovely thonyplisittel) foamdhedagic kextal template
ogrdinate information obtained by the process at step.124. By effectin
R R R e I e i e s

hyddjedbf Reatwsintnetiot stemt@d. Seirsatprbntip, abieineptivs skegrmes avhere an
daprdavinannieach.io deteet albregionsisaasenisddertiacksithationt

demonstrate some regular pattern in their relative pgsitions in method step

lqbeg-torvp s B raR ag R TRRHH o e SABITIERIPHSE Lt dlonts ayiodigusssa. In
FegiensBiggeb ohtegilas s€giotaarkpratessad-disictivdmatiestapinns-
have a greater, likelihood of 25a ing.r lar anly. oincidence. The
e e T T

258 ghterirectadbl ishesonf thp seyenietedsrtesgalsalstedoiear e prigshadsie L- and

PIRRARBILIRIR.HE PERGEIRAREFRIES R ARRE YHReNk SRS ditshard
second block segments and s¢ans the document to 3§P%§terﬁgine whether

Ao AR EL AR Bteg BTERR e ghiRhieesr Yediif DYHI TR TE
mﬂ@{a phinttoivigrsaheriehad tstagdaiﬁee&p@sist@ ﬁngﬂctﬁahﬂﬁhg erasmiodf

Bl it 5&‘@91%%%‘89919&9%%8@%%@%@5 %?ﬁ(%ﬂ'&!‘ & 365 BLIQOIGRY 1o the
templates. fn'its most elementary 2007/G70010PCT/S62005/000423
tem ot HizEEss Beieamiin hie ot irpeschSivangrekisng tenipnsss
sesrdlustinied tenpigise A are wikhedutharneeiined dn telationdedigUrs
10 Smeariment 16 RIOSSSRISIen.OR & SANReR Sletpressesg
sequence or at least an approximation of this can be é‘{etevrminediby the process of Figure
4.

Figure 10 shows an example of the output 78 from the Auto-block attribute
differentiation and labelling step 74 of Figure 4 when the algorithm has processed an
input document exemplified by that illustrated in Figure 9. At this point the process uses '
extraction techniques at process steps 76 and 78 known in the art. The document of
Figure 9 uses colons to differentiate 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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5 blocks on a page simultaneously, but instead, of detecting and
quantifying patterns of regularity within sub-regions of blocks on a page.
‘;8%%%%%& also introduces a block differ.entiatiqn threshplq)épr/g@hra%%gm
guantitatively between well- and poorly- differentiated regions on a page,
as will be described below. The process also adds a feedback step that
allows block segmentation (or block feature extraction in the process 100f
Figure 15) to be revisited on selecteéregions on a page. By detecting
patterns of regularity based on the functional pre-disposition of blocks, the
described processes are able to apply selectively blocic differentiation to
the most regular sub-regions of blocks on a page first, Whereupon the first
APASON BYBENE 1 RIS (AT R O T S P AV fre
oiidertntaticbdizcashaldcasycotiibatsitmee ginhs shaplkStape fonmchingfasidtied

hold haye their, diff tigtion O | K
et LN b i A

Fggmentheionaoresrrok] teaftthecsnrariisn iteranatpforiibyienis ok thie
sielesieddedions.aad has e Roteatiabto produce different output values
due to the missing influence of those regions that have passed the
differentiation threshold. In this way the feedback 20 loop is repeated until
Wwith egfioasexentuailizaatisly dpeociffeferttatiingh redioidart abhriuagendous
set of rejected blocks s re bjected
T ming 10
heterqaenseys layamiy L8 f prsore SsHRscaeemsbailnchh ardereibrecosye
2 R5EeA @ plukadity ohsegmeanteshiacks twiksuthe-dogusmrenttorseiermine

whether the document ¢cantains successive rows of blocks that contain the
Rtk S CEPETENGT DK SR P (R TEPES o o RN BB B (-
positions. When and if no such rows can be found, the process may apply

UeEs fid @&%‘Eﬁiﬁg@fﬁo‘ﬂﬁ%%%aﬂ{ SxanRe yeEhe folowing alitesa 24,

may be allowed for in the search for uniform regions; the first or 30 last
%@é%agg@é%ﬁ%m&%ﬂém% feRRselsI OGS T aBTIHINS Biarkeigti R Bts e
sanlRsoaasdidaIe: YIS mainkiexpludedtiranveithesteadb eanhddiy bads

consegutive rows with n eafly-overlappi locks m e. to
i o YRR bR AR R R e SEiRe
hpidt-Hikgmsattars heivor dealrestl el eeapeiiteiHEonIdhr beipieroordinate
HAEESR APRsR @B YRR cllnessescoreHoeREho gica lR@mp atewaimilar
to that described above jn r Ia%gnt the process of Figure 4’tt determine
RIFERCRA SPEROR S E B Baghie AR BIBERSS TS also
Siﬂgapréhﬁyl fhiethercks| awes Mpmamaﬁpmmoqumﬁm;mggmsf ebgmented
ORI A eRteR L B BldRs o a.RNAIdAIE RO 0RING AGAAGH

e rows within it demonstrate unifoinlity. Areas of excéeptional unifounity,
spcH8 g grtaTiREsAEERPBI Lo sHhiEhsanteldoke svitimod argioso Rigser
Ahe ReHessRlian e bao iRl s Witk e SeERnILNRIR gt Ak Tt Rslge fOr
their horizo talﬂ%iirdi)points ay be scored highly. Conversely, 10 with any
AR Tritera Tor Ahy Cafitlidate sequence of rows, a corresponding’

penalty is associated with the candidate rows which do not fit, or fit well,

e Jogi BRRlIEGy 3.Seprng enables @ opantialive Fkng
{cgetﬁtggugni'orrﬁlty%%%é%a%h ?8%%#%%@0%3 If thé}%rtiﬁé%ls%ggansé%ae ;
adorpaee T aceepaimepblea plaraliy it moas Sigraentens Srardhoesees erpisiste
SLendedetarmingdii this way By slOAaiag MR 1s 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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15scores and then determining which logical template score is the highest
or satisfying any other user-defined criteria for fithness. For each candidate
‘k))vlo%léoge(%i%% and with reference to the list of field labels that the user is
hiETested In, the system proceeds to differentiate the text bl%%y§ﬁ%0é’t<é‘ﬁ’°423
130 to 20separate the blocks likely to represent attribute labels from those
likely to represent attribute values. The user-defined list of attribute labels
that the process scans is entered in &conventional way and stored in
memory of the device upon which the algorithm is executed. The process

fg?ﬁptﬁgoge%%g‘fgggggmmp%%&w&%@ﬁ@ alhlock segments determinesdi i

0
e likely to b els if the contents of the block segment match, either 25

Rigveny brspaitianfuaheefiriainsh éursidiondefimmndd. attribute labels. Block
segment pairs matching the template of, say, one of the templates of

Fi 7, one of which is known to be a label, can then.b dtgb
T DB S &1L e RSReAP OB pHEBSEIFG of

%@@mmsmtmm ﬁ@emde@mﬁrdeewmm c{aaﬂﬁéyisggat@baw n
rﬁ%faﬁ‘?@rf %@iﬁ%ﬁﬂk&%&%&&c&%ﬁ%@? ﬂ@%r@é‘s?&fs%)r%@@dﬁ%%@'ﬁgck

he remainder of the document (less the masked regions) for
didlsegindondisshaldie fiaimuithorenbirtiveboasipesr/sebond rsoniy23 21
dlSesspRed thesiecispagt RIORESS StRpcliBdiwHBh ETHE pRegnaNatiansat

t 6 is requjred, a.nymber of tests b lied. These incjude
R R A SR PR i ert R Chertnen s dere
ofdiiglidats redione(asitdsstireddnegionitne spagniBy detdctingphierns of
r@é\!ﬂ?ﬂms@g %&Pﬁle%ﬁ&%&iﬁ%ﬁéﬁh@ﬁ&ﬁ&@ﬁ%@%@k&[ A% BlRtKbed processes are

5differentiation step 130 associates certain strengths to each text block

afpls o rRRIR Ll qetiNG B Plpskidir ciiptiemrp ithemeesidsmdanrbar rern? piRipsks
oh3¥pB Mar}ﬁm&@fpbmhémﬁsmy-b@ﬁmﬁ dokeks fdfoprdofsshia pair each
a?ffﬁé%?‘%f EE,% list,132 with & 5&8{1‘% IEI!N%&&?Eﬁrésih%ﬁ}sana”o%%a?‘é‘éﬁ%gmn%fthat
wnichn alternatives among the a%e SIS most commorﬁy used across

ao it S8 fthedbeetinid hevevhrinddbaratiivs tcpoisirsted soddas hack
1d Chienobn atiuianclve hilekeand senareiftias iablgdodicatassiof a

block being a?) attripute label, Itn add}i}&i}gn,‘ tl?_'g scorepirom tge rr.math;Lillr_lﬁggi
SAIREY Y é%‘ii‘c%&“i’ff?h"é‘tféﬁ AP i EB SO BT SPNTAXT FHSER iBions
garbiceshofdregtinktd srapphiedi Hesedringprangbien dthete Xarmplemglifiganes of
#E8 }ggmmat have passed the differentiation threshold. In this way the feedback
loop is repeated until all regions eventually satisfy the differentiation threshold or an
invariant set of rejected blocks is reached, whereupon they are no longer subjected to

the threshold test and their differentiation results accepted. .

Returning to the process of Figure 14, more sophisticated embodiments of this process
scan 2 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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15that are used to illustrate a few cycles through the loop of steps 146,

148, 150, 152, 154 and back to 146. The process assigns the score Llijgh
(& X0790't/)0%1% label) to the I.,- likelihood parameter for those text blocks 0042
tharmacen exactly a label in the list 156. In embodiments of fﬁgﬁ%ggg 423
the score for this could be set to "1". The process assigns the score
Lb,immm (e.g. 0.5 as this may be a label) to the L-Likelihood parameter

for 20those text blocks that partially rB@&tch a label in the list 156, and a
score of L-me, (e.g. "0" as the block segment is unlikely to be a label, but

ﬁ@?%ﬁ%}l fol LYHigh, (e b 1o dhe M dkelinond, dikely [y hea yalue)

dameter for those textbockst at do hot ma r;glabels In the list
1"

@wmaazqémlgm@wsmﬁsaa?hﬁé Prereal imegtlecome i peekls
16:th8 lishdial, %Emmaﬂd@@@rﬁmmrﬁ BREdEY bloskscthaberastly 4, to

tcha?2 le label in the | hly likely to b IdIItt
AR Ak el i e S
distotiladdetstian d dext. ockstiddf de pmmﬁhdamgiMManHWout scores
%8%%0 P%f'%'%@&%%e &@é{ﬁg&m}s&wﬁ%&%@p@ﬁﬁm's@n\ﬁw% ?éo

gure nt of text 170 from a page of an M

ows a Sam se
m&mﬁm&ewﬁa&mf&a@% hﬁ‘é%?%@fé(bfé% ageteridiles prtesr AL R pektHIRg
@ﬁ&ﬁ%ﬂ%&&dﬁ%&h@ &ﬂﬁﬁﬁﬁﬂ@é&ﬁ@&@%ﬂl@ﬂ&%@ﬂﬂoﬁ&ﬁﬁw RéEskt to

to.lab rs 17 2 174a b etc. of
B R e T N o L BB e SRR PR ety
wtthlan;eglﬂbwsimat@imfyr@héoamwn&ismmnmaiffmwmm@gndmg
;?&B&%y?sﬁggo%ﬁ'z@@mqﬂeqﬁmdamsr%ﬁﬁr@%m%?%ﬁ Qb eoftal

executes the sequence of steps illustrated in Figure i6c to Figure 16m. 5

Pl At A SO ST BRI 157 R HIA Y 1R I B P5 BRI R AL She

det FeamMenttrsBiDtk Segmeniationsippulhy eeetdas: an dntulabim dar

tot depicted i 16¢C here h individu Wordl e '
S R A T R

smen@dlwatéemgwmwhl@zépgl@ .tmé@ eAvLhis Mgmeé or satisfying any

other user-defined criteria for fitness.

For each candidate block region, and with reference to the list of field labels that the
user is interested in, the system proceeds to differentiate the text blocks at step 130 to
separate the blocks likely to represent attribute labels from those likely to represent
attribute values. The user-defined list of attribute labels that the process scans is entered
in a conventional way and stored in memory of the device upon which the algorithm is
executed. The process then stores in memory of the device a list of block segments
determined to be likely to be labels if the contents of the block segment match, either
wholly 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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10 blocic segmentation algorithm 126 measures the horizontal and vertical
spacing between neighbouring primitive blocks in an effort to determine
%%H%t 1t e median for intrablock spacing H1, V1 and |nter block 5
sp acmg 2 for both vertical and horizontal axes. After the medtal 00423
distances for infra- and inter-block distances have been determined, the
block segmentation algorithm 126 dzel}Termines whether primitive text 15
blocks should be grouped together. The process does this by determining
whether the-spacing between blocks is above or below the respective
Toegipaahedenstihabbasisssleter i edwihethesdfmapaiinglisten i2dra- or
inter lock S n biagks i re
?L%‘c the %?glcess? stermi %ggﬁg{t}%ioughlé glgeﬁg gllr%gét%ezf ge%%/%%\tlgaﬁ%ges

fiypsred Yo difroainéornetensdriaristeicondiiair spaiemuches ssrsedin the
ﬁ‘(fﬁt%}%kes?cok%alﬁ%ﬁ @%‘E%%@&%@rwd %&nﬁ'ﬁﬂ%ﬂﬁ%ﬁtf&[%@lé?ﬁ@%ﬁﬂo&
where H represents tne open-enae eo n NnItic
LA Heb i R e B e
(fansaobmmmememm e stratdefimmblidiofésttethisthrss katdiptofieny
t blogk
S esticualess A yses] ook sparng dan b Al

S@@ﬁaﬁﬂ%m@ﬁ@%‘ﬁe% asyivee amesedhsd Prdeissnop ragmonly
RESHEPRE &B%é&slﬁﬂwm@medewmgawmﬁﬁd @&%&@esam HRaRS

the, Ien th of Hj, t ocess o loc the mi t nsity plot
O s ORRE VAL TS Bt L A B G FURED BOITRE GRLEH T
doibutdiababfldedditiop| dtiss@ee bt thamaching ibel 3pdsbe I(@C)Gd-llf thed x
lévo% CQ)\),(er a'f”))f(t%e:te%Zéo%ﬂﬂl (where, for example, 29 x H1

tes tha the process counts there are 29 gaps of size H1 in the
sample text segment 170). Since 37.5 x HI is greater than (29 x HI + 3 x

Tﬁa);hiébéess thare(2Papdlidsla bBring b dd 3) tHRepioptssodigtraines thabm
he thresg ﬁ) E\r/v @9%&8 ?_%Ln? %ocik 23 nd h%lézol%al |95e5§30%4
e

spa fig Ties between orliontdl gaios of

egikbalt tor 140, At infreetslotsicyaps meahygmaﬂ%mal@e?d@@r@a@ khan
HRgiPQiatRee s 2800 HBuR AR inte hﬁ{@ele%ayth RRifRiYER 185! In

blocks séparated by intra-block gaps shoul be group s block

SR A e S SR

tf@rsveféicade@dgd&g)r@zbmahﬁm@Mal lidHed) thehsdginidatation pdrthesterifnitive
2% PerR Al HaNE 486 Rlte BlBc R RATENAN ISP LLIIONE 16~

into the composﬂ segments plcte by Figure 16d. Assumin

a5IthmblGielfaamans J@ﬂmlgw}é to et atebeherrb assigibe T fiayentetchl Ak ke
m&&ﬂﬁ%@% iy)cott‘@apmﬁeﬁﬁam&@téﬁfﬁﬂlﬁé@ét@:&%@@%wElmﬁﬁ'frﬁgtéhe

%Pé%ted ?Cksgz%(:r thatshown in %ure here the %gtault cor
6]

et it i8S gy SEAREBHO
Ipiﬁelseﬁshmhk%ﬂ”aeefm@mﬁﬁmpa etothgdrel It@ttdxheksﬁm expetftermizh 2

S%log:llg%%gp %‘ &?ebﬁ%%}g %gigl ?ol%l ﬁléfd%ge '@%Egtg $Rcks that only

zontalleft- to r| tandv p-to- ottom mappings like those

nsvidA TRakdly aringirdabsbiars guadenerr dkpldmhaficld Ebtibdradestirdhe
tREPEE Dt me&m& darRpund aryeiveen 1o eR R ASRDGIR B ikely
Figures 1£ to be equivalent to the perforations in a sheet of
thSEREEE St e ¥ikreby allowing the process to match whatever outline
of uniform text blocks that may be returned by the Uniform Region
etection step 128. Thus, base Qn, mentatl St A
gt S e M S gl
memmd@t@pmmblfefmiwmﬁmegmtagaémﬁquence for data in the

sample text segment 170 can be segmented logically into label-value pairs 172a, b,
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20 (within the dashed boxes 192) in Figure 16f, with the lower two uniform
regions representing the better fits to the label-value mappings of Figures
17a and b. As an alternative example, embodiments calculate the mean of
e #eRAeDetween blocks instead of the median as describel $8Re00423
25 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 processflow to follow the feedback loop 138
back to the Block Segmentation step 126. Effectively, the regions 192 are
pavBesked. fom er ppsseao e o B0 gegment T2 by ey
proéess |gure us are shown as belng greyed‘ utin gure
Libdsde ﬁe@eﬁeﬁn@ﬁ@%@@ﬁ’éﬁ@hﬁ@%Iig&hv@beenaﬁwsatféé@bbﬁa’ere

Sxduded fram considerationdmanmsaddiionslsudesihrauah.the feegback
loop 138. The Block 24 Segmentation algorithm 126 is re-applied to the

SYRELEeRT PRt fo BTk 184 PR JGre- 16g and the thresholds

between |ntra block and inter-block spacing are recalculated in view of the

g g%&sn g gytha?tt?f rimitive Dlgcks; 'tlotp'gs ey gg{fﬁef e o sopms

bac oop equatiol etermine t p0|n enS|

i5e ﬁ&%&mg@a@mgstmé@&ﬁ@ow s inalf ml@ﬁéqgm@tcﬁepxcnes s Biguee3

e R %A&%ﬁ&%@&&%ﬁ&%&ﬂe&é@@ KA Gl pdrmddetdit W $0€182,
is greater than (16.x H1) but less than (16

{g&ult of thee é’%&g éﬁZlX ]ﬁZ
7% 352 Fy R LR %3*6%88%?"6%1&?%%% -(RATthen e S the
etiveembantontdgontiabl Aokmadie tzohtalznted- bdclesparipgchpbdiesen

REMBEAH %M’&'@bﬂ;@@ [ESH LR EQ%&Q&%&%E&@H&%@%%%QMM% intra-

together with the attribute SCOI’II’]g as shown in Figure 1 € secon

HadssaicingH uNitomd REGBIPtreRacHMEte 4 B hodh Yetis $1d berraptal
Hrdidriaiegionsnod Shosnfit mighhd eAbid @ndystanees uaiforategions

(él 8 mat h[helglcexrﬂ;tgg hor| malf'h?gf‘ i cﬁéa&)el value a gggaék%%‘fgmxt

ateé of gure ed exam

bl@p@aib@bﬁ@ gr@r@tdﬁegaélgh dhein iy hess ﬂtﬁf hylﬁ@amlmﬁm whether the
%&&E@HQ@&&&H%&E@%‘ dovediffessntiated slateveft Figuie Lem isygached.

omparln Figure 16m with Figure 16b, it is demonstrated that the

B SRAtRE R AR RS TRG BiFRIRTb R atime-aRttigiaaRs the blocks
mm@gﬂma@e@ﬁ'eﬁqﬂlﬁ leicbenstdenstrsgeiat, ASghiyumARng, there
ag,gr %%)d\naa\é? > RES I%E%gtttﬂ q Oncet 10Brocess deée[ mlnes

at all’ t Jlocks are d| erentiated Into ait e-value p airs (re
e 55! deferndiABsteaptpreg the variation i m honzontal spacing (where H3

represents the open-ended range of all spacing significantly greater than H2). As there
are only two values for vertical inter- and intra-block spacing in the illustrated
embodiment, the threshold between vertical intra-block and vertical inter-block spacing
can be calculated as being between V1 and V2. Tn 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 = (29xH1+3H2+10H3)/2=
29xHI+3x2HI+10x4xHI)/2=37.5x 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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20are no block segments of the document not associated as part of a
label-value pair) the attribute labels are then extracted to a form by step

%62 w&% 'Bcan be seen that the process described returns accurate
resu?ts wi PIOUI dependence on the prior art methods of provF&ﬁG%&?Fﬁ??&m

~ examples, but instead 25focuses on identifying unifolin regions and

differentiating block regions, the system is able to analyse documents with
drastically different layout within a cotpus. Referring to Figure 15, a
second approach to perfoiming layout analysis and extraction on

Ntesagsneagus dacuments s daseribed, Ahis,aap5oagh is !%;%@9389 a

combination of 30the fine-grained information extraction an

eierygosnes a5 Sth &1¢ Evisnpinrkraape ead mpaduironealaty of greater
ﬁ@femﬁnf ef fgb&iﬁbkf@ﬂé am'ggﬁmﬁ%%x%@%cm&?ﬁm@%%m% .
(0] 1gu o e (0) sstep C mon to hot € processes o ljgures
B ST OL IR B OO h SRRSO 0s e P of
tbtebtioninadvolnfithet titdbh]depacnsidr sttheldocliment i ASES et fonhe
i ) i tigki in d extraction
sSeand sarardinate fompal hlogk 9&%@&@}&4@%@%@&210%%@3% Befter

to form, numbered as method steps 140,

- 126 pdSimenddintiahs empoiisdlnckhispresis dopirtelbydipmrgrifdnassuming

meﬂﬂ&ﬁeﬁeﬁ%&feﬁ af)ﬂsgtfmm bieeg?fsﬁgmwaﬁ @ib.?ifé«}bkrﬁﬁ«aw?els in list
tracti auto-block attribyte differentiation a elling of the
lea)é exact?}gf%:e g%roce S !gen ca&cuga%es a 8¢ r8 S§%6§Gf£ éo’ 2§e§%&t§£ l?}f)cks as

process re 4, numbered as me

thageirewvip ditghith & dn étivtesteplobulhiform fediorudbiedtidril ctiedkilgg). In

AptheEiRereuR BrBlock iRl iR he RISR IR RIeE, Qasu{%ﬁ, IopRiGidhe
block segmentation method step, and scannlng1 a user-defined list of

HelPrsEIS oA R hiheh ard yadusR Liptedsty, hosizopte:
lafrdodfighinthecietiochabFigtise Mappingsdigaificantiitiarereghetveend

i ' information extracti rocess described.and the prior art
L R R Ay oo
casenpeHtasTpeationtil Fighesitde apprordr eaWiplent 40 theherfretioncaof
she: b5 pediionahBlotlefesaiismdractinpcsien i Righdnuoduass she
co(sncep%t of mullégp e rlmlgve char% teristics that can be assigned to each
R LIS IR PHTRE BR SEFATREL B lf@égam’e%%ﬂﬂ%ﬁ‘@ﬁ“f&ét%&
‘Btresigtiedbetesqineitte8ochasalitaridtiguod 6 HthiextdolasloiTapententms a

Bk ARDE: RInGkILRN: BulAlRa ARfheLh &&t&%%‘&g %ggéhgtzs shown
neighbours as well. The influence of each neighbouring block is not equal
(W% takdgshed boxes 192) in Figure 16£, with the Iower two uniform regions

representing the better fits to the label-value mappings of Figures 17a and b.

As an alternative example, embodiments calculate the mean of the distance between

blocks instead of the median as described above.

Determining that an invariant state has not yet been reached (i.e. a number of block
segments 194 in Figure 16f remain un-asséciated}, 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
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20 to be inversely proportional to their proximity to the block in question
because the farther apart between blocks, the less likely they are to be
elstest dhgrgfore, based on a text block's font information sggtr /38%6@}000 423
style, font size, casing pattern, special punctuation etc., as well as those
of its neighbours, each text block-is assigned a quantitative measure of
each of its possible function types (e.g. section title, field label, 25field
value). The process of Figure 15 is demons. trated with reference to

Figure 19 operating on the text segment of Figure 18a. Because this
Searmpiéationt Asgihop Y25 dniy-epplisthto the redusedcetoimsimiing pad Blefkid 96
debelRnddielthvallierdielBEpeassaitiarhiJasing Hits B0 dlasmanstaion

sequence of Figures 193 to 19¢ tq the use of gnly two fithess measures, .

SR P U REAIS A SRR L OB R RGBSR AN Ao cion

dfmaaeasmmp,dnexqﬁmtmﬁ egboﬂla@ahine &t etmﬂqalme rE8peabingglyplot of

yg%%% s 'Qéé*{{t%ﬁﬁe%&e%%i&%%ﬁ %em?tygemt% iihe Rrasess gAY, o
e expande embrace a higher number of finless measures. The

1 (lifceihbod aRd N -tiketifaod Vdlkesare Bhuiraetherestié ofithig Rqetion (21 x
ﬂmﬁdﬁéﬁ%@mn}(ﬁ@ghm, ; Iy?lﬁﬂémgﬁ“{l(vslx Ihlatwgrazg,_smjmff@cfgmmpieceés
Iigures at m ustrat € approa (0] | re .
e A S B e RO oA s U ez dpr-block
ipfcinationiextretstion Hl e dHfrEhiseds ibantiie bidikeiiiguaiatidn output
walitinaticliasaicabic o aloal amuch wioneaae.al gﬂya&&gl

' rom O to 1 in increments of 0.1, or finer, such as 0.5 (i.e. not just
Upigm RagianRetastion sier) ahtndacaiss Rurparts Bididatapsioat asshown in
Higwea 44 adddslisthreauseihedikeinh ooglvaltiestasetbetivebiaviiertical

ultiple primitive 10characteristics assig ta.the text blocks in th
RS e e R A R MR RORR i Rt
Gobrasirkpoaisl vse dimd tize rashplenohHitpures 14 WittaareHd Antetsianga the

Altilus differentiationang iabelingaterAdnel theRFesRs T RLRIAE Hith
text blocks are cast into one or more generic logical templates éach
TR B ST e IS o RO S GRS AR S e
fteRer feadii ae quehctfosmarbgmmogeh toxtlblatksutAarosegriviatl, tenapiatesn

ypically qavers egfe%{ghéﬂeaqs %Qﬁr%ﬁ&fl%%xg%ﬁé%ﬁgﬁﬁgzﬁ?the

reading sequence. process can implement a minimum combination of

loskaisserdidfanotriegieis aitebrteviahangirtbifepresuresiffigumines that there

are no block segments of the document not associated as part of a label-value pair) the

attribute labels are then extracted to a form by step 136.

Thus, it can be seen that the process described returns accurate results without
dependence on the prior art methods of providing learning examples, but instead
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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all documents as a logical tree of information. Here, these two abstract
types are 20referred to as an attribute and its value (or values). With
rSi he value can itself have a sub-value (or sub-value?h)g

v@é&r@?&ﬁ 1t?(:e former becomes the attribute to the latter's vAfiES G0 0423
the context of attribute-value block pairs, some possible logical paths
represented by these generic Iogicalzgemplates would include: reading
strictly from left-to-right; reading top-to-bottom for each pair but left-to-right
between pairs; 25reading top-to-multiple bottoms (i.e. one-dimensional
Itikpessprensesingadiom sbestronsp deruprnticl ¢ Oboteans sigroietha dasimgpldo
Aehisile swasdimansignakishles)-Heteraaensensdavenh analysiardopts

the same concept of casting gro%ﬁs of blocks into candidate templates

SXHECHAL 4B SRFFI ST PFtsRb Ly Hirridg the detsibe? g 5esmpadn
redpe epraacienbiiget i 14is Phe diffef dhaedetwee ththadbgitakps of
templates, 300f the heterogensous layout analysis compansnt and those
G %Pe me-gralrﬁ'g%nl‘n ormation e;frac ion component is that ﬁqw(e tempFates
differentistiore pad dthelling efibe reetstedizwsiAgrashesed hbfecmgestapa 146,

(e, Rutean Peap Rl dhoes ok alRlg 902! AL NItNR R DRYEeKing
different types of layouts (e.g form, journal, or table) can be det%i;te.d. This

e et rg Bosks Bt S Farsspratituls Berhgiiendediaglook
sdgseniation mefhiglured 4nd ddihogtdlheccdatepd biapfigldgitbelidgical
templates to region insteag,o .
B oot PR e e
to process a heterogeneous text segment like that shown in Figure 18a.

Mbersasdhe gi%&&é%ﬁﬁﬁéemﬁﬁéd bhﬁleaglﬁddgidldﬁwgﬁl tthe &%ﬂ‘&@@&xﬁﬁ&fléﬁss
SSQCI tions, between the fie apels an | values of the example, as

e R e S e

leprpdoventenid meittiFmdendimflst epprsigdr vfd therapplichtipressnge of the

4&8{&%&1@1&%&&9@&!&&%&%@l@t@@ﬁémwadac@%%%e%mﬁﬁﬁip‘z@
that the logical path 272 traced for blocks la, Ib, Ic, 2a, 3a and 3b will be -

| ARG TR NE SRR EB G RtIeRS tninari oSk ericd dydBe ianpifaiRed

Bl Ebgoamnerselyp if 46 VEiticakdgp-66 acherinlngicahteroplattcwe sadothe
lied, (not jllustrated), then it.15 would.be the tarn of the lower. blogks,.
80 aipPade il ol SRR bramHeul Wi 18 Il e O e

rRighibeurd el Jbdlinguenes b wathaseihpbratiblves sarelregiahbuus taken

HRyoURARIYSIH I suling-Haineskinfaraatirn Rdrac tinneys teamiRtotbe
rocess of Figure 15 will 20gvercome the limitations highlighted. After the
fﬁ%ﬁ&@?ﬁh?&ﬁﬁ?ﬂ@%ﬁo@? S5 y they are to be related. Tgerefore, basedon a

text block’s font information such as font style, font size, casing pattern, special
punctuation etc., as well as those of its neighbours, each text block'is assigned-a
quantitative measure of each of its possible function types (e.g. section title, field label,
field value).

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 cbntains 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 measufes,
[ -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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Extraction step 148, the Uniform Region Detection step 150 will determine
the most uniform region of blocks to be that of blocks 4a-4d, 5a-5d.

i rizontal, leftto-right template on this region in t '
g%%b%gg@n%bles the process of Figure 15 to trace a much t})}eectt?e/g |t§§é§0423
measure compared to a vertical, top-to-bottom 25template, on account of
the terminating colons (:) in the blocks of Figure 18a giving each field label
an increased L-likelihood value The r&Sult of the first pass through steps
148 and 150 is illustrated in Figure 19a. The feedback loop 160 to the

ephstiainea Blnck sagipentine st 46 vildhen dedut ea 3R desucadset

f primiti xt block i .Th
O e A Gl g B Y e
ftorhee i deratiorran ¥ egsertied ppesditeby vt teratdheeddatidsxeinple af
e masking M WMQ: 2004/029010PCDSG2095/000423 étxg%%%tél Rlocks

ﬁgt below blocks 3a and 3b as shown in Figure 19b. Or )

t another
Srogsacars AR ARES BTGB rFg M drbommatiog etesticesTive

mﬁﬁ&h@fidi?@utem&mﬂﬂmbml m@m&h@m&msmmmmeﬁé
the L-likelihood parameter ock 3a) -).L'3,: V3,V :1.3b-.1:3h; a
VA RS St Blrertments pPOT o tier LTS
&ired 184 jast i ghé, [Adedivwnsioa Frou Sfabltuiscrottrmpskisof the pramedtiust
pglyetpoerfieldnalies NGt evaidslal duil be dowven thatiisg V@gﬂjﬁve

1,3b respectively, while V'3a and Wm will be higher than V3a and

roEpsEtRER 2 Eng e tsdam ipsks iodhetensiains Bl dh SarmmerHian step

D

- Ibgical dppoplate arisitht tendisiogdlaeks seltin2Saxamng]3bs Gives that

the blocks do not form a uniform grid and that they collectively trace out a
three-column region, the overall fitness of the horizontal template will need

Widdnpen Aised nkihdripieegb florrbain andd b dldaistenié vblerstoeisof

expeciedybibedtemnlaieindie.aissing Jaito rmNedaiguEa hdgical
|Ilusgates an attempt to map the %{ertlcgggﬁlcal template onto the .
FERRAHIAEPERSAS A4 RS AV S P it BEP A (i The t Asemspare Ao iayerce

foappiggrod RigutddBe thawettical m&ptaiﬁegy@isausw&emsarma diyn faiethe

. . -y . esing.
R S C L R
TS eRIRTRAERE SFe) et SRoR AT RS d SRersiyE L dorfepiseent almost
unaxpestad e finskibatiadikelitonshialues of Mlaeks/ Ralssase: liksdy e be
higher.than their \V-likelihood values, while the reverse, is true far blocks
S g e B B A R b e e
showwe subettbreflirend cehgoy stidsuben oy ifonted tecoplatdhmatpritiitig dsito
S W] HRf i Rle bniédd ki ute321kiCh lock pairs, some possible logical
paths represented by these generic logical templates would include: reading strictly
from left-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 tables).

. Heterogeneous layout analysis adopts the same concept of casting groups of blocks into

candidate templates and this has been demonstrated previously during the detailed
descriptidn 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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25 V'30 -(1 x row-merge Penalty)) > (Lis. + VIb L10 L2a +1P3a Um) -
row-merge Penalty - (2 x Penalty). Therefore, the final composite logical
B&'fqﬂtr%%d tohrough the blocks of Figure 18a will be one in which the to&H
Ralfof the biocks in the page segment follow a vertical, top-t‘o’gg/é%ﬂ% 0423
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 19e
and corresponds exactly to the label*/alue associations that a human
reader would be expected to deduce WO -
{REGHBFOD Y, CTHEERA0RIO 00133129 (Fig Hoard, SbuAsi Withatle) casdof the
irst a ach.the final step 158 of the process flaw duplicates the step 78
B S R e
desgighencymigleeldet of differentiated blocks, is then extracted to a form
via an extraction list 156. The processes described above can be
\iér}gtﬁlpsgented in software, running on suitable machine such as a desktop

{87 SPREHhOEARRRTRE B AOSIRL TP R fstonsRidprclirend of 2

wilauTecpdgelynMeliiiq tiapfiticaticinsd adtiteatite lootadabpatemsethe Figure 4
ibed ded.in alt tive |

el RE S A e e R,

Wapeeat e henmsliffed s prigis esle tpdegscerthe dgras seited asshaiatinas

Havruatstal e dacimgnts-a %@95@@&%&&%99@&%% ﬁg%re 18b, the
rule, Documents cor;%ist of a hilbrid of

re-defined formattin ca )
A P SRS G P B e Aok By Pl fees g he
a@ﬁiq&idn uhishpazregreaddefiextrigbtidigigsl mmpliasmgmmm mnth‘tgs&n?u Bcpagece
MY, 08, SR IBCHEBLAPAGA 30 AN AT 8181 corecs

horizontal form in one section, a vertical table in another and alistin a
apfrendeeneiiuamirea CHEBY Loelimdng tncHRRsBtaRPiAd eyl rdha

Wheical, top-to-bottom logical template were to be applied (not illustrated), then it

would be the turn of the lower blocks, 4a-4d and 5a-5d to have an incorrect logical path
traced through them.

Figures 19a to 19e illustrate how the incorporation of heterogeneous layoﬁt analysis into
a fine-grained information extraction system into the process of Figure 15 will
overcome the limitations highlighted. After the first pass through the Block Feature
Extraction step 148, the Uniform Region Detection step 150 will determine the most
uniform region of blocks to be that of blocks 4a-4d, 5a-5d. Applying a horizontal, left-
to-right template on this region in the associate step 152 enables the process of Figure
15 to trace a much better fitness measure compared to a vertical, top-to-bottom
template, on account of the terminating colons (:) in the blocks of Figure 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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20 first. Non-heterogeneous or uniform layout documents are also easily
analysed by the process described above. Thus technical journals,
business letters, invoices, financial statement and resume layouts are
EHEUE28 ubsets of the layout type recognised by the des%‘?igé 2005/000423
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 25 pieces of information4éontained within documents such as
these. Considering prior art which utilises learning methods, it is clear that

BHahmaihods il fajoiaexiract praReiiihed REQLMATRN 6P MREE dRoAlL:

six types of layouts If it has not been given training .examples of each. For
vERa e distheefsaehog HACHTOUE M P IRsthEb At A G iy dlelihqafgalues
df‘é%f}g%%@@h@of (%Hbfé@%lmnbwﬁlg _@éaumatigafmg {ike L@Eﬁﬂﬂ%ﬁ ]!iéll_rgxhgaée of
o they have qnly been fraine ocuments with layquts li ose
iR gates BrORES s 00 OTIBOPET Lo gD SO e
rpeogeisechadesuribbetiabineddh g@riemhalwm\@pyﬁ hestatgpddtlinsmstof
REELPIENPUSAUL ik RAMleChRGR) IoUAL SRk IABIGeIGH

type of documents. Varylnﬁ, formats or s%les of document layout can be

Inapideaatorabrrialy e N et dsae¥ibbeiaghes 1He Yocthfielts layout
reftdgvdifferentiate each text block's 5 function within the document. Both
top-down and bottom-up approaches are used. The top-down analysis
establishes the geometric layout of the document, while the bottom-up
Ripprothibstabtis be stthedotyicadndhe bpoiehtaldogiga dempiite ade tment is

Astisegraenied into bread Mok i9hidenif er SRt RAUN g & Ym grid

headlng;[,ytable location and reading order of the document, table or form.
PRt TRl P A A et eI B RCEn ST gt the
iepntifieri-Ghatacir sdhbicioemeaaliosd fanthewnetsethet-fovirR ansbhtarddbe two

are stitched together. The text blocks ¢ '}fﬁ‘lrt g&ﬁggmented into
"s"‘r‘r‘%g?FE’& $% %%i?fg?’et%ﬁggéiﬁo??ﬁg‘??é%c#c?n,osuc as to identify the field
label and value. At the end of the 15algorithm, the text blocks are

Fﬁjﬁﬂg fled andlabellediamsectionaadingcaacken Riiplieldiabele tiglhining
Eﬁ%lcl'ljcg ’1%6—1?(':?22965@ ad Enr& '%%b [gsv% eﬂxeetgése of the horizontal mapping of Figure 19¢
the vertical mapping also suffers a penalty for the merger of rows 2 and 3. However, it ‘
is not liable to any missing-block penalty. Observing that the field labels of blocks 1a-
1c also terminate with a special character (:) as shown in Figure 18a, it would not be
unexpected to find that L-likelihood values of blocks 1a-1c are likely to be higher than
their V-likelihood values, while the reverse is true for blocks 2a, 3a and 3b. Thus the
probability is that the veftical template map will show a better fitness compared to fhe
horizontal template map. This is to say, we will find that: Lja + Vaa + Lip + V32 + Lie +
V’3) — (1 x row-merge Penaity)) > (Lot Vip+ Lie + Lo + V'3 + L'3p) - row-merge
Penalty — (2 x Penalty). ‘

Therefore, the final compésite Iogical 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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Referring now to Figure 26, a hardware system 300 for implementing the
disclosed techniques will now be described. 20 The system 300

FRMNsRSR Central Processing Server/Database Server/Dqgyment States
302 comprising the server/store 304 itself, and administrator interface

devices, display 306 and keyboard 308. Connected to the server/store
304 is a local external storage devicg 309 and a local document scanner’
310 for scanning documents for analysis. The server 302 can optionally
be connected to a Remote Database Server/Remote Document Store 314
Figyes BBuitable network such as the internet or a WAN (Wide Area
Network) or LAN (Local Area Network) 316a. The Remote Database

Server/Remote Document Sté?érgx?; 4a<ia}‘|e f tioptﬁaither as an al Sr 1§t"é$
ASEBHRS SATRR TR AP aded St tothe Br

ver an eimentstsre ver
tH3Q4ep 38 dhbeseméire R85 ismisenbodautatidibe tredrseilhstiaed yUA e 4,

aiil &g&gg@%&?&% GHEnLRGs3IR mhichydn tummav.hane-clientaxiemaal,

stora evices 320 and client document scanners 322. 5Referring now to
ligigfre 27, software architecture 350 for implementing the disclosed 4
techniques will now be described. The User Interface 352 comprises: a
Client Graphical. User Interface 354: 10 N g Document Submission
e SRS T IR Ot STRE e g T A o bt
n3ekrehrModuteddgof herDaeufeninSeotoB62(dhiodehmPB& L which adapts
Inplemenias o, any.Phaliohils ReEEARALR IR SR SIRERES es

itdev_ ce 309, remote da{%%ase server/document store 314, client PCs 318
desceiined ehavarrrad @ra de edsiBL OB bR a8 SBRRER 65 Fotae for:

OriginAl Format Documents 364;
The heterogeneous layout documents referred to here are exemplified by Figures 20 to
25. The figures show that the layouts of the documents in the corpus are not confined to
a pre-deﬁned formatting rule. Documents can consist of a hybrid of information
presentation coi:nponents, such as horizontal tables, vertical tables, forms, paragraph
text, headings and lists all within the same page. Within a corpus, one document or page
can contain a hybrid of a horizontal form in one section, a vertical table in another and a
list in a third section, while a second document can differ totally in the layout from the
first. Non—heterogenéous or uniform layout documents are also easily analysed by the
process described above. Thus technical journals, business letters, invoices, financial
statement and resume layouts are considered subsets of the layout type recognised 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

.examples 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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Standard Viewing Foimat Documents 366; Text Context Format
Documents 368; 20Raw Text and Coordinate Information Format

G 70; and XiVIIL Format Documents 372. The Relationa
§§t%ﬁb52§2§ 74 comprise:  * an Extraction Field Labe|/patt1é§%%?§0§5/%?0423
25 an Extracted Meta Data Database 378; and a User Account Database
380. The architecture 350 also comprises: a Layout Analysis Module 382;
30 N a Document Format Converter’884; and a Server User Interface
386. WO 2007107001UPCT/SG2005/000423 32 The Client Graphical

Iﬂé&!o%%@éﬁi%&&fb@d&ggfg%m g@&%@rﬁa&eﬁf@%@@@%&ﬁmmble for

presenting the graphical user interface. to the (possi te) end yser

G AR G <SSR I BRETT RETER RS P A S H Chent

d&mﬁ&ﬂﬁalvldg@g ﬁh@nﬂatse)rr_quhsl ef3Btintentdepsiintn teeiidbed/otouatically

v BEARRRE380J0he Belatgnah Betehnsee MeHL {0 URIeH A BEL s
OCUTneNt submitter's access privileges to the system.

function within the document.

Both top-down and bottom-up approaches are used. The top-down analysis establishes
the geometric layout of the document, while the bottom-up approach establishes the
logical layout of the document. The document is first segmented into broad blocks fo
identify the section boundary, headings, table location and reading order of the
document, table or form. The number of columns in the document, table and forms are
also identified. Characters that form a word and words that form a sentence are stitched
together. The text blocks are then further segmented into small units and differentiated
for their function, such as to identify the field label and value. At the end of the
algorithm, the text blocks are identified and labelled as section heading, section text, .
field label, field value, table header, table value, etc.

Referring now to Figure 26, a hardware system 300 for implementing the disclosed

_ techniques will now be described.

The system 300 comprises a Central Processing Server/Database Server/Document
Store 302 comprising the server/store 304 itself, and administrator interface devices,
display 306 and keyboard 308. Connected to the server/store 304 is a local external
storage device 309 and a local docurnent scanner 310 for scanning documents for
analysis. The 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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The Document Submission Module 356 in the Client Graphical User
Interface module 10354 interfaces with the Domunent Store 362 to upload

documents submitted by the document submitter for layout ana%sis. T

he
DEhertelibmission Module 356 uploads the submitted dBEdREALRs00423

the Document Store 362 as a new addition to the set of Original Format
Documents 364. 15 The Document Viewer/Retrieval Module 358 in the
Client Graphical User Interface moduté 354 interfaces with the Document
Store 362 to enable the retrieval of Original Format Documents 364 or

@ﬁa@aa&f M@ii@/kl&)'i@ﬁﬁb’éh te{a@wmﬁmit&@%md@@ﬁesws ?mkpwgﬁﬁlﬁlﬁ
0 in the Client Graphical User Interfac odule, 354 interfaces. with: the
DR B G e SUSTeh SIS ey aph et Chfftant

fFommmanDooumre A2 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
BeSutiseawy heigEyaut AR TRty 389 foriamesgrinsdhsdisclosed
Maskie-300unterasesswitizdhe 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
UbeUlveemerbrigidtal @0rpaisast information - to be paired with the

90%%@&{9@&91&'&@%9&%{%&@%&@6 set of Original Format Documents

364 or Standard Viewing Format Documents 366 - which do contain the

GoctRRsten fyhraisrigpMedienration. wo
2O0Q/ O RLOR WY B200P40 0 RE: 338T krdiDocument Format Converter

mod e%? con]v$;:{ts riginal Format Documents 364 into: Standard
Vie\E/Lvmeé (S)Arsr%aé 088?(?1%?11?}?366; Text Content Format Documents 368;

and Raw Text and Coordinate Information Format Documents 370 within
e EQ&HH%%@L%‘%Q @Allch may be implemented in any or all of the server 304,

local external storage device 309, remote database server/document store 314, client .
PCs 318 or client external storage devices 320 of Figure 26) comprises storage for:

®  QOriginal Format Documents 364;

® Standard Viewing Format Documents 366;

= Text Context Format Documents 368;

s 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;
5 an BExtracted Meta Data Database 378; and
= a User Account Database 380.

The architecture 350 also comprises:
® a Layout Analysis Module 382;
® 3 Document Format Converter 384; and

& g Server User Interface 386.
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The Layout Analysis Module 382 performs layout analysis on the Raw
Text and Coordinate Information Format Documents 370 in the Document
Store 362 and creates XML Format Documents 372 representin{g the

ng&ﬂg”&? Wéﬂanalysis, in the Document 10Store 362. The La%a Eﬁ%?l?/g‘fg“s

Module 382 also stores the results of its analysis on the Raw Text and
Coordinate Information Documents 370 to the Extracted Meta Data
Database 378 in the Relational DataPases module 374, optionally
appending domain-specific tagging 15information loaded from the

Tractionhigidd ahel Ratteis Bist S0 therB elational-Batatzase sesponsible
module 374. The Server User |

erface module 386 is respansible for
BraCeGR e BELiTBIyar ARG JSaP ThpSr ARl SRS Rt st o)
whmite)sysies: ddeninistt dotayrot shalwsiy. 20 who is responsible for
maintaining the Document Store 362 and Relational Databases 374 and
operating/configuring the Layout Analysis Module 382. It will be

‘HiprdienitGrphise e hrikdeshenmetnbotifiai Braaih dmiBrce Acpant
somhineg withthedeature (shebarothenmenimadintrRi:mh e bduh 34

Claims. 1.A method of anal Si?ﬂqs an electronic document having a first

BIIORISE §ATEHE RS- RSthS R

&, .. . . '
prising determining a likelihood a first
block segment comprises a label block segment or a value block segment

e compe eg! "
’grgecug&ﬁﬂgﬁ%&@r&sﬁgﬁﬁpﬂ%w@ﬁ@ﬁt%?ﬂé@f‘ﬁk‘é@]ﬂRJHqu modul

ument, wherein input parameters of the first block characteristic
BiataEraunte i BRSERBI ORIty 0F e XPIAah ATEPAISLREREIREAY i a

Dapssht afiexieita Bgoanahblosk segment located in a region of the
electronic document in which the first block segment is located.

The Document Submission Module 356 uploads the submitted document to the

Document Store 362 as a new addition to the set of Original Format Documents 364.

Thée Document 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 Layoﬁt Analysis ‘
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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102.The method of claim 1, wherein the first block segment characteristic
as determined from a comparison of the first block segment property and

§ %%ltalock segment property. 3. The method of claim ein the
%?st%;?ock segment characteristic is 15determined from a me%%%ﬁ?zg}fj ga}&m‘23

distance between the first block segment and the second block segment.
4. The method of any preceding claim , wherein an influence the second
block segment has on a result of thetfirst block characteristic extraction
rule is dependent upon a distance between the first block segment and
the second block segment. 5. The method of any preceding claim, the

od further comprising determini C block.se t
TS B R A O RS S henments 364
imgteS ttind é Sheaibiook b Resterents 5@ At pietbkingaSsiaaeatioP bf

anP RS rsthlosle SeRmenticharagisk slicm £ Jhemelhadof ANy MIEoRdiRtent

claim, wherein the method comprises applying a plurality of block
S@?ﬁ?’j&eristic extraction rules and varying one of the first block segment
characteristic and the second block segment characteristic in dependence

f 30results returned.f lity of block isti '
o R R s
Coradingindnérammatione pre d2p furisals 0P pridind aeteniioge 302 and creates

XML Format Documents 372 representing the results of its analysis, in the Document
Store 362.

The Layout Analysis Module 382 also stores the results of its analysis on the Raw Text
and Coordinate Information Documents 370 to the Extracted Meta Data Database 378 in
the Relational Databases module 374, optionally appending domain-specific tagging
information loaded from the Extraction Fieldv Label/Pattern List 376 in the Relational.
Databases module 374. |

The Server User Interface module 386 is responsible for presenting the (possibly)
graphical user interface 352 to the (possibly remote) system administrator (not shown)
who is responsible for maintaining the Document Store 362 and Relational Databases

374 and operating/configuring the Layout Analysis Module 382.

It 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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an associative relationship between the first block segment and the

second block segment. 5 8.The method of any preceding claim, the MCSLLP

method further comprising applying a plurality of logical templates to the
first and second block segments for determination of a reading sequence
of the block segments. 9. The methot! of claim 8, the method further
comprising calculating a fitness score 10 for the application of each logical
ate to the first and second block segments to determine a best fit

1Iogicamgmmmmmy@@&ﬂ@m&uﬁm&@mbm&@ggmm@o&@séfgaﬁem the

thod of any preceding claim re rtoa lication of the first
R AT TR 0O B S R EBIR Qprises e Il

Hegmeniatianoh Wlﬂmﬁtﬁ@@ﬁdﬂ@ﬁﬂﬂﬁﬁﬁﬂ%ﬂmﬂfiﬁtwﬂ@f Block characteristic
mentation aI rithm WhICh isallows mer |ng of tex ith

CSATATR B SRS pA e Y ieg ORGP ORITT 16, Warehrif
dieritmant contites pmﬂmrttm;iﬁx& blpﬁi@emyteizt@a ordiratiestasioak asenent and a
the s mentatlo ft e electronic document 20comprises: )
BRI o8 01 Jane bEIRGa BTt BIARRIas it praieic
cﬁﬁtmmmngylﬁmm}lﬂaeﬁksgbmmk@n&gm hedwstn two primitive text blocks
satisfies a threshold criterion; and upon determination the threshold

criterion is satisfied, determining whether the 25 Two primitive text blocks
ZshouldIﬁmmmaHmch(df skgmdntwiERein hbenfethbbbc stamehd chdreceiristieis

GRS RO MGGt AGADASTHES WORIMING [EXLIIANS oo oo 1o

es a resaho rion comprises NI ng nor me
:ﬁ’gthmgamﬂntﬁ particular direction between the primitive block
30segments and if a candidate gap is less than the median or mean,
determining that the gap is an intra-block gap and segmenting the
Primitiéntexttiodks akzeordingheraimerdbciSheeit HegAMAt Tharacteristic is

determined from a measure of a distance between the first block segment and the second

block segment.

4, The method of any preceding claim , 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.

5. 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 segment characteristic.

6. 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
segment characteristic and the second block segment characteristic in dependence of

results returned from the plurality of block characteristic extraction rules.

Amended Sheet
IPEA/AU
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MCSLLP 36 13. The method of any preceding claim, the method further
comprising determining whether the first and second block segments are MCSLLP
arranged in a recognisable pattern. 14. Apparatus for analysing an

electronic document having a first block segment, the apparatus being
operable to determine a likelihood a firgt block segment comprises a label
block segment or a value blocic segment from application of a first block

haracteristic.extraction rule to the.document, wherein input parameters of . .

e fr o SR A ST PSS T S A e RO W o mining
aih esfissidtioe kedagpnenpardveegrdpe fiysoblecit regnsatond odesaghbdntk
Slgcaé%g in a region of the electronic document in which the first block

SEgent is located. Is.Apparatus operable to perfolLu the method of any

of cinims 1 to 13. 16. A computer program product having stored thereon

omputer progra lysi I i Vi .
et bld B B e oo o
pikediftyorf dofirsalloukistsy rocihe dosiprides eotabeldsh skeveentseior cletermination of
value blo, r ication of a first block characteristic
ae&%??&%o%%u‘%%gaﬁﬂi)%?ﬁ?#gr%% e?éin input parameters of the first block
characteristic extraction rule comprise a property text in of the first block

&egmeg@ef#é%gm@%mg%% i&a&&&ﬁﬂ&@%%%%g@am@%g% iness score

region ectronic document in which the fi sapient

ﬁmcﬁmdppiiwtionmﬁp@ﬁbrl_cpgbwgléﬁmpl@m@tthgﬁrﬁg O ragenarelogicerapemip to
SHRARR ﬁ%@tfﬁ{ ﬁ?ﬁ%%ﬂlﬂ?ﬁ%@glggﬁﬁé Qécﬂm (ilf iﬂelﬁl'ock segments,

10.  The method of any preceding claim, wherein, prior to application of the first
block characteristic extraction rule, the method further comprises segmentation of the
electronic document by application of a segmentation algorithm which disallows

merging of text blocks with different block properties.

11.  The method of claim 10, wherein the document comprises primitive text blocks
in text co-ordinate format and the step of segmentation of the electronic document
comprises:

compiling & 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, determining whether the

two primitive text blocks should form a block segment.

12, The method of claim 11, 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 gaps in a particular direction between the primitive block
segments and if a candidate gap is less than the median or mean, determining that the

gap is an intra-block gap and segmenting the primitive text blocks accordingly.

Amended Sheet
PEA/AT
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13. The method of any preceding claim, the method further comprising determining

whether the first and second block segments are arranged in a recognisable pattern.

14. Apparatus for analysing an electronic document having a first block segment,
the apparatus being operable to determine a likelihood a first block segment comprises a
label block segment or a value block segment 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 text in the first block segment
and a property of text in a second block segment located in a region of the electronic

document in which the first block segment is located.

15.  Apparatus operable to perform the method of any of claims 1 to 13.

16. A computer program product having stored thereon computer program code for
analysing an electronic document having a first block segment, the computer program
code being for determining a likelihood a first block segment comprises a label biock
segment or a value block segment 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 text in of the first block segment and a
property of text in a second block segment located in a region of the electronic

document in which the first block segment is located.

17. A computer program product having stored thereon computer program code for

executing the method of any of claims 1 to 13.



