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(57) Abstract: A two-dimensional representation of a document is leveraged to extract a hierarchical structure that facilitates
recognition of the document. The visual structure is grammatically parsed utilizing two-dimensional adaptations of statistical pars-
ing algorithms. This allows recognition of layout structures (e.g., columns, authors, titles, footnotes, etc.) and the like such that
structural components of the document can be accurately interpreted. Additional techniques can also be employed to facilitate doc-
ument layout recognition. For example, grammatical parsing techniques that utilize machine learning, parse scoring based on image
representations, boosting techniques, and/or "fast features" and the like can be employed to facilitate in document recognition.
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[0003] Although text was “recognized” by the computing system, important
additional information was lost by the process. This information included such things
as formatting of the text, spacing of the text, orientation of the text, and general page
layout and the like. Thus, if a page was double-columned with a picture in the upper

right corner, an OCR scanned page would become a grouping of text in a word

processor without the double columns and picture. Or, if the picture was included, it
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like such that structural components of the document can be accurately interpreted.
Additional techniques can also be employed to facilitate document layout recognition.
For example, grammatical parsing techniques that utilize machine learning, parse
‘scoring based on image representations, boosting techniques, and/or “fast features”
and the like can be employed to facilitate in document recognition. This provides for
efficient document recognition with substantially improved accuracy.

[0006] To the accomplishment of the foregoing and related ends, certain
illustrative aspects of embodiments are described herein in connection with the
following description and the annexed drawings. These aspects are indicative,

however, of but a few of the various ways in which the principles of the subject
2
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FIG. 9 illustrates an example operating environment in which an embodiment
can function.
FIG. 10 illustrates another example operating environment in which an

embodiment can function.

DETAILED DESCRIPTION
[0008] The subject matter is now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of the subject matter. It may be

evident, however, that subject matter embodiments may be practiced without these
3
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[0011] Grammatical parsing is utilized for processing computer languages and
natural languages. In the case of computer languages, the grammar is unambiguous
and given the input there is one and only one valid parse. In the case of natural
languages, the grammar is ambiguous and given the input sequence there are a very
large number of potential parses. The desire in statistical natural language parsing is
to employ machine learning to yield a scoring function which assigns the highest

score to the correct parse. In the systems and methods provided herein, the visual
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framework for the document layout. The grammar component 210 parses the visual
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receives a visual structure input 304 and provides an

opti mal parse tree 306. .The docu str ure
ﬁgﬂtlyg ipuE 89%8%%%1%998{11@&&2&“% f?ﬂf%f& shes this via

Qﬁl?im@ﬁ bEabrhDHSticaPharding %Fdé@?s’sﬁhat ﬁéts‘éb' ﬁ{e wday QttrdtU‘tﬁe ofa
'ayout for “parsing. The document "visual structure

doaimesi. sThéomnthOH@OQent 21@ employs a dyedmig pregremulingprocess to

é%g;ﬁ?mg?e th %ﬁ?’ﬁ SR mgl1 1M L {) n‘p? rgib%[f% thg %gtlmgpﬁarse tree 206

GOMNHIE Béing Ealandd docdldy, lyliﬂdhhg nﬁplrouedl globalkeretulact i on
component 314. The_parsing nent, 312 is q%og& I sed
{ﬂmé] vi sudlrdeg il &, it d ?r lagram Qi ent visual

il QTR L I0kic 68 BUD ] ARG vl i MLRLEALE anSHIBURIHER is

|nc s,, tor exanple, a visual layout of a
dedetadnThe doreumeni eisualesu*ectwer?glabfslspwstentEv 0908ccvrepmed@§ a
the vi sual ructure. i nput it 304
st YRHg SHBRGeT B e PR OO o R st B et
fdmesorn prwldei at BRthAGREsY 138 306 0TROBEHM 30 BisGatrieure
i'ncluded in the parsing conponent 312, allow ng the

pralpiinepmpanepohttilzesa discdminative grapweasicpbmesiel of i slggwment
St r ]&rldct%r 9(%‘[ f§10 armi( eacﬁdc‘clu nt 91?\}2% Qgﬁ%ﬁaﬁly@@ rc%fﬁ?)onent

docunent? visu ure
SOI scdodipeised oLid recaﬁﬁlghﬁﬁgﬂndzml.%ﬂf& ahdl ¥ gemmanécngainent 310. The
structure | ayout gr ammar, g FO@ The parsi n%n gggpone t
e CORRONSTLALORS PHEPIASE Bivk RESDEEGEPAREN ¢ ARd fidgprment
COIRABE R ractith Joﬁlp%ﬁaﬁ@flhc ght iéarsfn@‘ébfn'p%ﬁ&ﬁ 30D is comprlsed ofa

extracti ng visual” structure Information fromt
v1sgalasltrusm1rmg11amnmrmmd¢t 3 Bi)mth a [g00 B jtichh eosd é@mﬁenﬁ 18. The visual

structure onent 31 e
it iy O SRR pE STRRE it phlabbin s Ehe R RLPEe. Ihe
@&Hﬂ@[geé&nﬁ’olém F08PRESVe3Ghd iSual KirGdiale 1ﬁ1§1itl3©t4 tan@ rélayaut 304 to
304. It 314 can utilize various optional mechanisns to

W’@g cynpergnt 31 Jatoghes nstpees t}fﬁiﬂgﬁ}@aby affike receiving
%8‘1&@' o1 g&g?%ﬁﬁ%ﬁlg%égd ngtﬁéé gﬂgﬂg O}Plﬁz)n%]gzm ldll%ﬁéjthg Parsing
fcemporieds 3 B2, direvtlg @ec&mrthmgtsua’i Eﬁuctanedﬁput 3@t1h é“ lhe P3Birgnd

the like, Oher resents addit efficje
GTPGRENL 315 B ey De AP BriAsy Vi At e ake Tigel gl input

t i / fhg 338
SIS U A R TR B
8Xanptregts mithhihe do¢ument sm@ctw 2xgagiiopsomponéd Sd4 iy spepidically

SoSHIEDS SIS SHLLAELOREOMBNETL ) b o 304
[0015] The document structure extraction component 314 utilizes complex
local and/or global features to facilitate the parsing component 312 in parsing the
visual structure input 304. It 314 can utilize various optional mechanisms to augment
visual structure layout parsing by the parsing component 312 including, but not
limited to, machine learning 322, parse boosting 324, fast features 326, image scoring
328, and/or other 330 and the like. Other 330 represents additional efficiency and/or
visually oriented mechanisms that facilitate to expedite and/or enhance the parsing

component 312.



generate a chart. It 312 then converts the chart into
a subsequent set of |abeled exanples that are rel ayed

w0 200a/0ed9assi fi cati on process, The classifi catiBCI/US2006/026140
process utilizes the subsequent set of | abel ed
exanpl es along with the machine learning to train a
set of cl aSSI fiers. The, cl aSSI fication process then
dSE i nesFruermmisitrrphinslersaingidéd C%W\B@Nldﬁéﬁytth@éocumem
e R R AP ER 31136 el MR nP LORRHERES 12 in oder o
gemgrEe acbst. sItt3d>2 ¢1nﬁnrctmtvemt¢1é ohart im6oa swsequsat MQf labﬁhd
par si.n ent, 312 then utili

R P P REP R RIS St pBSE. TSR on grogpss

fBza4 tBdtlosSuebiCdet! 6 E1a BB BRIM IR dn g3 Ah tiee fﬁ@@ﬂlhé fetin®hng to
in scorlga sub- parses of the subsequent set of

tiaied s ol aiiees ., Tlnenclamfscaﬁ%n@pewtﬂh@ drigmanes identifying
f’d})te E'%étvs} 'éf(? gggltl¥§£1¥d %éé%hl/e 8&11%? sI 'ﬁll iR Z}%{lé é?o%e?’tpeg allow

oring pars
d)lmcﬁasmﬁérm fmhﬂam/mrasmgmhg papsecdstsde cosealotaiondénorrect parses.

017]. Sim |l arl par.se oostl n chani_.sm 324 ca
fafg\ mg&ealp%e%ﬁé%%‘&#ﬁas ST SHesEgs I ghe grammatical cost

ffﬁfchbh B8 6f 1he vhs@ar SHhREure gfa[ﬁﬁatr nReB $56 W Eilitate in scoring sub-
efficiently. fast feature nechani sm 326 can be

mmzsvs ofdhbe sttbsmmpnieé gﬁhwbsled ph?g@lss vinghig mmmatﬂmprogcfss
PR Elteral TRy Sl el G st BB 068 B (e qobigher

@ahaigqsarse e pasishingd 6f ho Rivencyst pdike tﬂeémag&)tﬁﬁ&r)l ng
nechani sm 328 _can _facilitate parsing by praovi

d0r7bs of pHPdEY. theapess BagstingraceiaBisiad 4c%@F1‘Q?d§PVlged to the
% %cgfh 3ot 315¢ ?acﬂﬁ&t@?ﬁ‘le%ﬂﬁ?ggg&ﬁgt?@ar%s ORIy, A fast
e g 0

uired arsin sua structure
ifmnu'e n&@hams{rﬁ) GZS]:arv\heproutdeﬂ it ccmgput@ p&tseirh@es mvscomﬁputatlon of

T Y T L S S e

@ﬁﬁ@b‘d&@&ﬁfaﬁée th@ %ﬂn% &fRRhcPf THR1aPR8®r{n@ Bechanism 328 can
char acter, /or line as_appropriate, etc.).

Rdlearieringy M@Vﬁ@@%‘@@?sw phised imAeng faihs gramanatical cost
%ﬂc‘ﬁoﬁ %8 C?ﬂs@%e%gﬁm 1ﬂs %25 §30 We$ tlgﬁ)ﬁgﬁ{l %} r%gmrecpﬁr geusmg of
ods a onput e

ystens 2ah arso Ut
|tli&\agraaktrudulragtqmt6f)4docurrent features as vveII For
| e, umsnt featureﬁ such_as | arge white space

Tups ngl es Whesriilizine cmstghatione &f | @ftegﬁ dwag?ﬁgraa%@zééan a single

t
HICKALSGE ol Ryl a3 i o

iemthegderaéntiofittpenagk t(e. g chwsdéhiverd, on@}’ur tiké ys a:p}nrppn%e etde
f i t d/ I | xel '
ARG s S PugntnE Pl B G ahyeh e T e

IcEmPRENS | Vi sy&at&nscumaenéthodsslefew@aﬂ 06 utileetcdRPutedrintegral

suns can be quickly conmputed. When a set of objects
ilgaggs\wé doguraant fepjures anwgll nber axample, depument features such as large

white space rectangles, vertical alignments of bounding boxes, and/or horizontal
alignments of text lines and the like can be utilized.

[0019] Thus, by utilizing the integral image, it is possible to quickly compute
the number of white and/or black pixels within an image rectangle. Computing the
integral image for an image is expensive, but once it is computed, rectangular sums

can be quickly computed. When a set of objects is given that may or may not be in an
7



7 WD 2007/ 005937 PCT/ US2006/ 026140 image, there is an
exponential nunber of imges that nay be rendered from
wo bm7oomge  (power set P(N)). Rendering these PCEUER06/026140
and conputing the rectangle suns for each rendered
I mage is prohibitively expensive So, instead, the

inte 1 ma for ech of, the ob S, .

e Ot erponerd T Nt iSRRGl ot MR PR RS te image
(-Ebbb%r sdt PeV))r @&h@élﬁigethédémnfagés a’ilﬂ)boﬁipbﬁﬁg théfreétﬁl@glb s®ge for each
I's the sumof the rectangle suns fromthe

Eofered image; ip REphibitiel DERREASVEN 8P, ipgiead. ity iptsered imegs isgendered
&

DA, A ol e R B Rl ABb O s, the
pataaglegim(foeayy dbsday the WagmﬂstHHBUﬂDMmtatar@ﬁﬁjsmm faom the
structures in syntactic proceSS|ng pp. 35-70, 1986).
st Al Ssi ng attenpts to fill in the entries of a
chart C(A, R). Each entry stores the best score of a
non- termnal A as an interpretation of the

Patsingerminals R . The cost of any

ermn e f ol i !
BB o g e T 7 o B Y0, ne s
ﬁdfcgenélr)c fraeblorkis cdRed Eechdrpdrizag™t (seaMMr Kayf, B@}lgd’rﬂhmeﬁhemata
over al | glroductl ons for A and i S a élubcilﬁguence of
ik datn e %Sd‘é‘r%ﬁ‘@ﬁiucaﬁmﬁess%g|RPn3§_70a|11%8 PRISIng tempts
t%%%ﬁﬂtﬂ@@ﬁtﬁ% mmbgz? %smacﬂten %ﬁoréﬁ‘%ﬁ’éﬁes%ﬁoﬁ@ofe?n&

(1.e., they orma "partition") ssentially,

fegi6ital BAS &n Slt@bRSatidnFthd - seqwame bPterflinak ROMHE @6t Many
finding a | ow cost deconposition of the termnals

ner-tsrmig] enshegixpresswsk as thefdlewiogoREssa i s assi gned a
cost (or loss or negative log probability) in a
table, (A -* BC). The entries in the chart (sonetines

cal l ed edgegh, Rgan e U(Bl]{?)ﬂq-{j’(b &Q){-*-Q[Ad-ech)gl ther topEq. 1)
down or botton1up %akhg conpl exity of the parsing

process arises f r areithe nunber of chart entries that

must be filled and the work required to fill each

entry. The chart constructed while parsing a |inear

VEELERCS 1 Fgeg\lot/@ﬂ all frafsctiongfsy AUShA R ds §E@EBEence of terminals
i ncl udi ng non-term nal s has (XPNZ) entries (there

?fﬁﬁ?@% la%a Ere@(o&i?) af @R, ia8d QRJSar8 witseqieavseshic bxe didjobiahd
a 1 <

whose union is R, (z e. they form a “partition”). Essentially, the recurrence states

that the score for A is computed by finding a low cost decomposition of the terminals
into two disjoint sets. Each production is assigned a cost (or loss or negative log
probability) in a table, /(A — BC). The entries in the chart (sometimes called edges)
" can be filled in any order, either top down or bottom up. The complexity of the
parsing process arises from the number of chart entries that must be filled and the

work required to fill each entry. The chart constructed while parsing a linear

sequence of N terminals using a grammar including P non-terminals has O(PN?)

entries (there are %[’;’ ] e O(N?) contiguous subsequences, {i, /} such that 0 <i< j



WD 2007/ 005937 PCT/ US2006/ 026140 and j <N ). Since
the work required to fill each entry is Q(N) , the
wo@yrabd937 conplexity is QCPN3) . [0021] Unf orteeEUS1096/026140

a direct application of chart parsing to
t wo- di mensi onal arrangenents of term nals requi res
g%(fonentlal time. The key problemis that the

dil)s Siseltenyerk waviEcddolfiliragh ealey theHiN a the pyeriall
Ret ur nj ng to Equation (1), the region P. is now a
SOMBRISKILY Enel (RV 9)arnd R2 are subsets which are disjoint

%ﬂﬁl!’hgzeo Tl}’lr{?l%r(?un e% dél(aen hgcltr;ca yoff cggﬁ” p V\Iﬁp 231, Itt | %&gsmnal

brrE{d¥mehs, oﬂkb‘lﬁﬁﬁal?(ehs])nrb&@@herﬁfal ainle Jhbkey prdbllenﬁ\hs that the
term nal s, Slncethere are a xpaonential nunb

Lmaaisna lassy yor e sngﬁelrfgﬁ?rr éietmpngﬁqpﬁmn (1) the
& 160 geu GEfo? a%ﬁﬁgé'?taﬁa ® %ﬁa Uerdo E‘u%@es%hla{ HAGH 61Bfa1}dhwhose

I N cases e deonetr onen

c&ﬁ% i R t(PQ {He? Ii}oﬂ‘d:‘g ?artlﬁo Thlélléiﬂe’of tlﬁe&ﬁﬁmafl o rﬁnal%ed - which

emafi‘cs’ us nen3|onal tral nab

"
%Sgg }(P%ff IF ewHér@rW@) is sMBsTtaflsuBsetd deNT RrmMalk, SlbR&here are an

er and Viola introduced a heuristic based
expaentyad xuntbet bﬁsubbnts:merabgoenhm iy egoaagiaRl, R2 that

@(ﬁlé\? t ﬁ/l |C|h ulﬂalﬁa‘O@CCQ\a g@ﬁrgf‘rgig cr%%%lp %%B%IEGS ’cie%eegrgheﬁi cases

%@%th@g%métﬁc cHﬁﬁaBS&ﬁBf ﬁl@lcoﬁ)wfo%srﬁélp(l‘eé acp gﬂhltl J“@Rcognition
in Procéedings of the National Confeérénce of

Af miathemiatics wsingh hverdmeensionnleirdicable gadodiiteeignampfr,” Master’s

tiflel I i 9
Mol Pk 0B, OPRF i WM oo tlust N Fie? G e
AuBPRMRK réjesls 9&1&{5 Rlbk 8GR latd EhdIRRV)W Rh=m®tkng t hat
i f thetermnals 2iong a line (andtﬁerefore have

ahulBtR, ) BLR H DeBée, Er d;emln@)anﬁIPeAc wnyiex“Ambiguty bh@Ebrdtraint in
yi el d$" t he QO(N2) regions and is -equivalent to the

Imartlmtatzselopxg»malons@xdgnmmtimvfntaeexﬂags wyahs Nagond! @2rence of
Jjse of the convex hull t int., as I )

Bl ﬁ)el'?ﬂ? ErABeHA PR OfATa gk g 1g%§e¥b§985 Calling

GRS béi?Fe%grmg% h&g h’ﬂg shitd GQ&’I St gt (i Lohvex reilo% of the

reduced hese cons |nts conbine to yield near
pogep| leisi wwlmnomtwhattlf/rheserrmmalwhq: aloed adine lﬁmelrihstefore ave a

FR7b e A BEb e on s dblar g iae g @tk fegionsond s
ggll?tgé%ﬁtr o thli e%.? .X‘qué?"% REAINEE ARG, ganéhtrmh t o a fully

e 1 npu or a ocurmen epa ‘ation

o023 am s u@y @sking 0se ehegdrex hall ednsamadht ors veelhasrddher
processor and the like. Waile the text in a scanned
SP@%et@Sﬁo’&%mé‘%lth%/seéﬁf Fubs¢te qonsidercsl dywrag nagsiag can be Significantly

reduced. These constraints combine to yield near O(N*) complexity on most types

of printed documents.

Document Layout Analysis

[0024] One goal of document layout analysis is to determine the information
necessary to convert a scanned document into a fully editable input file for a
document preparation program such as, for example, LaTeX and/or a word processor

and the like. While the text in a scanned file can be easily extracted using OCR, this

9



9 WD 21)1)7/1)1)5937 PCTIUS20H) 6/ 1126141) information

is not sufficient to produce an easily editable file.
w@e7nosesal i nformati on  such as paragraph bourCEUS®86¢/026140

colums, justification, and, nore inportantly, reading

flow are necessary as well. This document structure

fornation is Iso often m ssi f ortabl e
HE THERE 1ROt SEE [P fO mgu%@gte&%l’?}gwa?f @&E A?ﬁ&m&lrmf%mﬂon
§813 palabla Eph b0 Rles RORIDE! ju@ﬁﬁcatuhﬁ Aok O in@rtantly, reading
docunent structure informafion yields a living

tlow@reemacessat asceiell.bEhis ép@@nqmaswturp atformatianeig alsa redifen mmissing

rplgg@eo?tagféqiocuﬁe 1’3 i‘kl%1 %PB@ apd Foﬂ¥érﬂ3@ F‘ ?elt‘éh IéW etﬁé%? %Jahg B@DF

Yy 1 ncrease ness -0 ocunen
Ezﬁlﬂ%l]’osmﬂpmﬂﬁﬁ adotieacfalocaief rsagataﬂsanfquuem pieydsdu lixiigke

t he prlnted page into _sections ch secti S S
Aefvent thet mhﬁﬁga%mﬁe%é%fﬁma%iedmlf?% eciigfhand ﬁm@@ e,
H;ﬁh%&ﬁ*&%aprérﬂlhg ér@&t%hﬁbr\é&seﬂ}fe%éfﬁ!&sé Sf @ rat)@aﬁ&ﬁ as a

gra w edge of this structure
[(H)Zéhf fici @ncummtanmmoelpyognamsl&c@uealﬂy@mmgﬂieqorlrntadl rage into

B B SRS SB 0 B Syl Do B By

R&hbér&ifba Ehs SThisFedidivafuetsd s expfasdd Sta %14mﬁﬁf in TABLE
gPar -3 Line (LineList -3 Line LineList

beleat iKsrowlgdgy efehisshepiare.ig sulfipignt torapcurpipby pioilyee angeditable
Fgﬂg§¥9§§5ﬁ§ah MgﬁdLISt -4 Word) (Wrd --4 terninal)

errnents were perfornmed using the UWI
docunent inage database (see, |I. Philips, S. Chen,
and R Haralick, "Cd-rom docunent database standard,"
in Proceedings of 2nd International Conference on

Document Anal ysi sra® 1: RaoR@epit GemmatS9ddn The

dat abase cont ai ns s¢ nﬁsegTOBescrrﬁq,trm h ground truth
for lines, paragraphs,”re cf %.a. ng order. In

FIG 4, an ex I(Eéﬁﬁ W@Erﬂ(é{’ from—theUWti—dat abase
isillustrate e | nput toaparsmg algorithmis
t he boundi ng (ParList — Par ParList)

(ParList ~> Par)

/(Par —> LineList)

(LineList — Line LinelList)
(LineList — Line)

(Line — WordList)

(WordList —> Word WordList)
(WordList — Word) (Word ~> terminal)

[0026] Experiments were performed using the UWIII document image
database (see, 1. Philips, S. Chen, and R. Haralick, “Cd-rom document database
standard,” in Proceedings of 2nd International Conference on Document Analysis and
Recognition, 1993). The database contains scanned documents with ground truth for
lines, paragraphs, regions, and reading order. In FIG. 4, an example page 400 from
the UWIII database is illustrated. The input to a parsing algorithm is the bounding
boxes (e.g., a bounding paragraph box 402 and a bounding line box 404) of the lines.
The output is the hierarchical decomposition into sections/columns/paragraphs. For
10



boxes (e.g., a boundi ng paragraph box 402 and a
boundi ng Iine box 404) of the lines. The output is
w0 bm7hos8ar chi cal deconposition into PCT/US2006/026140
sect i ons/ col uims/ par agraphs. For 10 WD 2007/ 005937
PCTI US2006/ 026140 nost docunents, the ground truth

| abel s are e SI| ny dtot ve.
O8] cwae%tﬁct gtnd Eriebels arﬁe%ﬁrlgv @W&ﬁ%g@&m%&above
oL lRe Hﬂf?&taﬁa%h as pBEbMER] usRRGERt bf QMUS&SRAfCRhich include
papers, books, and rmagazi nes. Printed Mathematics

pageefrpnelteaﬁarmp&{peﬁizbc}o spandrreagagiadeni ¢ r esear ch
community, alnost all new papers are made avail able
either in PDF or Postscript. Wile convenient for
Pfihtal Migheni 1S EntbPrdtiich do not suppor t easy r euse or
refornattlng One clear exanple is t Iud

B84k i ons, In 't peadeRAGIRESATHIEC R HRIEY, & oséa PEY Paaf:rs are made
Lol %ﬂh@‘@lﬁ 'PPF orQJgféErtgt; Wﬂ@&) Icfllth(jf%r &ﬁt?tllr%i these formats do

oot not es, bi bl 1 ographi es the .
defsappat easpname dr fafornsatiimnt Ofid dezpwtahmpktls the inglufedregxations,

in.part b cau ro |des d hi ual
a6 S e SREY o S BRE Sl (b Shetiet Rotbddtabes,
SRAIRNES] BIbRYSEghitdEhd thE GkEBThOdefadt Stdhd£d fé1Oscientific
reconstruct t he LaTeX equations used to generate the

prblisetien is [adeXgin mirikasagsedeprovides pawsiH gnd Aigdvquality
91%&1 gﬁﬂgssl’a?/&lts ﬁxtenggr liﬁl-{'ﬁ%& ﬁ@s@s{g t (?o%ﬂmeﬁﬁ géﬁgﬁ'ﬁg information

I'Ns ocunment ren proc
regmirkd tol iBcanssedt thé LaTeds bquatiend méd d@gerreeate tiebeqririnkent

f|Ie whi ch can .be C ed to extra
HERFRbI ng oS Aot ehe Ble e S r B e k4 g macros can

59 R OﬂlgtrﬁtﬁerhaTl?e)ﬁ&ﬁﬂl%ﬁtsr%h&Hﬂrn pIHRSE TRCLON! ﬁaavs%t of
been applied to a set of LaTeX Ies made avai |

instromehted dewicd indepandpmti (RXVI3Eley e\rtuc(hs@e beFHr@eSEd-tomtract the

on OO used to t n_a nmathe i cal .
B BB LRIt T el sl Bt BesrRARE TATe B progsion.
tfh@setrﬁz&lré‘sl Hage Baé pﬁe@ t€Obdt € LhDEK G esaxicesailalls from the
each a mell-forne %%tactlc tree of termnals. These

ArEBEDTETEN HEVarHEceo BiHrY AR eyamRle eanationt Ity userisdErit Re
ﬁ%ﬁﬁﬂﬁﬁgﬂ%&ﬁ%@n@ﬁR%Hg&k&-S of the grammar are directly

serva romthe’inp t trees (such a grammar is
§20h cal | Adteapddtpemekank thatranimg dpta iT heoll¢aticn ©f @xpressions,

g%ﬁ?\mg I’gcigl% g}%]talct&%%%%ﬂgpléﬁﬁ oﬁtes%%eaﬁwvglﬁ &H%P%portumty to
Hﬁ&ﬁfy" 188 de I dYrabii@arQhcd b M JBhs 5ot bRMmdige aﬁ‘EctI}Dcﬁbservable

tfern's areé the characters, digits, and synbol s
th@guthf: dnrvttrees (spehrngaemariivelien callpd @ Seeahank  Biemmar). The

gb % gr:aﬁsﬁ %fr 1st s%%vrglrtﬁ %L@ﬁ%efo £ I@cgte %att ltheeteﬁﬁ)trr]l tf?}ge

grammar are not included and are referred to by the non-terminal Rawltem. The set

of Rawltem’s are the characters, digits, and symbols used to build up mathematical
expressions. The terminals of the grammar are the primitive connected components

of black ink.
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of black ink. 11 WO 2007/016937 PCTI US211116/ 1126140
TABLE 2: A Granmar for Mathematical Expressions (Expr
WO 200Ro0gp3 1 Row --> Row Iten) (Row -* Item) (1PENUS2006/026140
Subltem) (Item-> Fracltem) (ltem-* Rawltem)
(ltem-* Supltem) (Fracltem-3 vaFrwﬂtem)

(Fracltem -> BAR Ro ublt e Supl tem Ro

(Subltem -3 Rawl tem @%ﬁ? %dr? marfo IEF)QaV\A tem \gg)vv)

[ 00301 Unlike other %ﬁﬁkmwﬂﬂﬁﬁﬂﬁ@ﬁ&Plcal parsing, it

is not assuned t een segnent ed
and recogni zed befl5fE PnReVWhr et ati on begi|ns.

Recogni tion of th &@rmm@\k,sﬁehg an integnal part of
t he parsing procez‘]% ve{t]%/ synbol type has an
associ ated gra % —~r ¥ t hat describes the
producti on of the(l‘ltan%r@lﬂtem For exanple (Rawltem -

EQUALS) and (E , Which stlates that
h%mﬁﬁgg % a pair off connected

“the "equal s sign
conponents. The ciém Aﬁuﬁh@w teyn )associ ated with the
EQUALS productio {én{ 0 assign laogw cost to
pai rs of connect co nts that | ook I|i ke Overal l
K%‘Bﬂéf?ﬁll'g Rows&raghicrdl | y [si npl e. The

setting up this
Ifaﬁl@éﬁﬂ he EARIIQIV&) LaTe>\ files and

grammar is creat
ect ed y |f I
ﬁ\ﬁmeam bR Whionare oo

the features ar

set of generi cal

defined bel ow. Fp&fubles —$ ®3denTRew) eat yres used to

| earn the producti or | LQns arle generally
applicable and u é?‘ﬁ?léﬁbﬁg&v‘é%@ﬁﬁgﬁgp ofl tasks. A set
of geonetric

[0030] Unlike other work on mathematical parsing, it is not assumed that the
terminals have been segmented and recognized before interpretation begins.
Recognition of the terminals is an integral part of the parsing process. Every symbol
type has an associated grammatical rule that describes the production of the terminals.
For example (Rawltem —> EQUALS) and (EQUALS — CC1 CC2), which states
that the “equals sign” is made up of a pair of connected components. The cost
function associated with the EQUALS production must learn to assign low cost to
pairs of connected compoﬁents that look like “=". Overall setting up this problem is
mechanically simple. The grammar is created from the example LaTeX files and the
features are selected automatically from a larger set of generically valuable features

which are defined below.

Features

[0031] The features used to learn the production scoring functions are
generally applicable and useful for a wide range of tasks. A set of geometric
bounding box features have proven valuable for measuring the alignment of

components. The first type is related to the bounding boxes of the sets R;, R, and
R,. They measure the position of the corners, X,,¥; and size, W, H of the box in
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boundi ng box features have proven val uabl e for

nmeasuring the alignnent of conponents. The first type
wo s00rebsased to the boundi ng boxes of the sets RO/USH06/026140

and RZ . They neasure the position of the corners,

X, Y,. and size, W H of the box in 12 WD 2007/ 016937

PCTI US 11116/ 1126140 oordi nates, Ther
et 580 Theiscit IR0 A6 PR dRatafAS YHRTo4Tp Seferred to
ﬁ)ah & I@gc%éng ﬁgﬁoﬁ?@tﬁgg s:{f)?‘nﬁ?rflatéﬁﬁta%iﬁ ‘gélaﬂe§ all pairs of box

pairs o

H@aas‘,ﬁ%n%%g?etgﬁ{lgét gbg}f(zzggﬁnwg X?hef@ the (cﬁaﬁa b’ ar\é’f{@rlel}t 8 the

a a unction can be’

ﬁggﬁc}n %%an%@%lﬁ%}l' %traéﬂ-bh fnBltl @Iltid?ﬁ dnﬁ'él&'l $higfnum, or

maxi num |rd "feat ures measure

ﬁﬁﬂﬁﬁl‘iﬁ | Rshied sdthoe f&@ﬁ@@me@umjwperﬁés ditte bo@idingbd:es of the
i ncl uded |n the regions. This jncludes asuyring the
iefrainls Ancladedi imibg reg@@ér 5’@% inckydgs H&F‘%}H %ml’élﬁmf%ﬂ’&ammum

AR AlaanPUB TR {‘%@MF SO i oﬁ‘gﬁ% eV AlRed

regi on tern1na S. there are a
dcassgallsegionterpandler n recognition features which are

ned t .S n1nate rggion vi sual .
RS anc RofiBEl iR Fea THaR ot of B8 FrkoepTithdraguyes which
ér%gﬁ%néalf to tdli‘s%rlhﬁﬁé’fb Redichs IbAsddt Vif@l Affearande. Flkese Geat@bs

[lustration 600 of a mathematical expression 602 is

giFerakm On Duﬁrﬁen@ergé iageg of thedermanady e sagions. dp&I(so, an
e@g 10n?£9§ q)f ad e H&ﬁ&tlcla?e){p%sgir Bﬁgﬁ gs?so 5\81;" Irl%lg]rﬁ‘%gﬁ?lﬁﬁ% the

BIR&SRS Al 604 1l dﬂﬁéﬁrﬂér@@land\&lﬁﬂﬁe ifitepirete @ SFalirdendered images 606
necessary when the terminals thenmsel ves nust be

nedagiipneth thapestivotiomppeiag arvcess ard Nmstrated aNgluel features are
features posed Vi ol a and Jones are_.ado ted se
pecerE WheHie Mrml%}%%@gmselwas iﬁ'f%cagn{fst@ TSR WoFdgce

@h@féeeh fsﬁ&%@g?op&e@wm o irﬁlajoﬁése&e adbfted E’sre@qee\qu%d M.
of the TEEE Conference on Conputer Vision and Pattern

Recadiliapidorbject dgBafion wirge kaosted sagradanf smalg features,” in

ffic ent oven e ' r "
Bl GURD PRI LA Bl B o 8vion
s0019! Qhéﬁ@ﬂe&‘ﬁﬁip&taﬁ@ﬁilw dfcisarmpdédve priveo Efqutmerfor a wide range
| ocati on and scal e., A much Igﬁger set has e n used

plleslo Fack ot Epdge is FpgeniEdBY GAl sinals tpefangle fgiires sapled
Q@g&ngﬁ OV o Ratitf %ddcs’cglgt A RbcH BRIEsdt "Iﬁﬁé‘ﬁeen[tggé #r more d1fﬁcu1t

I'c normalization 1s a critical question whe
ooapstreco@hitiog thskageut tidsa bavef prowdn sufifidientdor duase tagks. t h| S

A5 2SS0 Bt SRR RALTE b8 iy
Elakdifi S0%n PhindiidBs VirsHR| cate R gFerehbiefrarh € [ dH¥E S which Borradlthes

R2 are rendered in this coordl nate frane. This
frecidecad lodagion of R,. The target is for R, to fill 80% of the visual image. The

terminals of R, and R, are rendered in this coordinate frame. This provides the

image features with an input image containing information about the relative positions

of R and R,. So for example, if R, is a subscript, the position of its rendered

components will be toward the bottom of the reference frame. Finally the terminals

from the entire document are rendered in the reference frame of R, but with at a
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i mage features with an input inmage containing
i nformati on about the relative positions of R and R
WO 2080/065987 exanpl e, if R is a subscript, the ppSI/USDNG/026140
of its rendered conponents will be toward the bottom
of the reference frane. Finally the terminals from

AU R SCHon SORNE LA GG tsed to
PRFEHSE N B/pbd 36bEA) dismiifuation! | er scal e. This image
encodes docunent "context®™ and can be used to_  perform
[0e34]ai n t ypuingatarsiegeyerypelanil gm@nw sypggiep ipeRqoref as a
gﬁ%fé ges éé(n {l)l%{ ezﬂ*}; hﬁhﬂg?eﬁ&g ?%éjghc'bﬁ g%oée%s which

ere ar
iRl @nNmagé Resdalipgevaid ﬁainveig r@;uhaﬁ geat ddal ob compwtoﬂme sTo

i mage. re-scalin woul d naively result

aapldctbwemmaaﬁn Integy lalaﬁm@f‘ésmﬁ?faﬁ‘f&ﬂgceﬁﬂ%y Il ana
Hésqg b&dd tb 'E&glﬁu{eeiﬂé RRERLRIAIRE diRhy QHIEREthBY MdR]cAaRIveL.
Jones s used to conmput e the rectangle filters at any

scale with no additional cost. Exanples [0035] Two

Betmplesf experinments were perfor med using the featur es

descri bed above. The overall ?cesa for gggénlng q)d
§P3mar paruerEtte pEexnerigeRt PR ASE P depgyibe

a%%‘%] T@Mtﬁ&ﬂo@@s BhNga AHRRRO é{am%hr ‘i’)%{;a!n?ét&g i SEd40HBed 18

des a very si e mechani smfor

EA;BDE é)d:»eﬂw chngach |rot(mianﬂlgarmng [A[diang)St ohtdegilsiom stygmps/is yessl. It
chani sm fqr feture sel ec C

B0at i vt gt Ratieh SR BimE Rl G Hoph RN e o
@%‘asd Anethatidh o redtmelselebiaat, vinte cabABLInSBof ReetinOslatiea
or Training Al gorithmO0) In|t|aI|ze wei ghts to zero
fingle alumppvlmlm tstin g asgocpigdswithya sisgledpatiifea ni ng
exanpl es using current paraneters 2) For each
production in the grammar 2a) Collect all exanples
fromaII charts Exanpl es fromthe true parse are

TRUE. oth FALS b). Tr.ai | assifier on
t hese exarrpl es%Aﬁégf Ot °d6f°5()1rﬂ?:?m%Alg°“?'ghts New
wei ghts are the cunul ati ve sum 2 tep 1.
0) Initialize welghts to zero for all pro uctlon
1) Parse a set of training examples using current parameters
2) For each production in the grammar
a) Collect all examples from all charts.
Examples from the true parse are TRUE.
All others are FALSE.
2b) Train a classifier on these examples.
2c) Update production weights.
New weights are the cumulative sum.
3) Repeat Step 1.

2

[0036] Since the early rounds of training are likely to encounter examples
which are not representative of the final distribution, AdaBoost is run on schedule of
increasing complexity. The first round of boosting selects 2 weak classifiers. The
second and third rounds select 4 and 8 classifier respectively. Thereafter, 8 classifiers
(and hence 8 features) are selected in each round of parsing. 7

[0037] Evaluation of parsing results is something of an art. Since no system is

perfect, it is valuable to define a measure that quantifies the quality of a parse that is
14



[0036] Since the early rounds of training are |ikely
to encounter exanples which are not representative of
wae bm700393d di stri buti on, AdaBoost is run on schenUS®E626140
i ncreasi ng conplexity. The first round of boosting
selects 2 weak classifiers. The second and third
rounpds sel ect 4.and cl assifjer respective
mﬁ%trye%qqe& 8@3 oheme ﬂ%ﬁOé?%aS“f(e&h%r@ﬁ%ﬁ %reflé%f%%f)‘?héw of
Selegioad T8 g?(ﬁﬁlh th eshiaths ﬂl@ﬁ§ ERnplEOOSALN BMsaubRdid. OThe
of parsing results is soneth of an art. Since no
weyedntagei of timse cadcprodigtionds mqsp wlidentifed istriendll. aTheleemed

g0 a ke b flBRolekaBhien BE R RebdfL ol fgg fetl”

@@H@ﬁﬁnh&oﬁ@pﬁﬁa&uhecm@t pa@aislthapﬁbcmcﬁﬁl sion for each
[té%se of productl on. The und t th c tal ns rr?(r
Bbl es ofbeH¥! I&O&a@&m basgrie “g%"'r SR a@@ﬂo%o e
zl%"i'lﬁ@s o cqgééqa'hﬁ&ldnsg neqtd ¥ IAdem gb fdbl%{eé the a@&@ké perfd¥fance
earned granmar yiel s a parse for each 1 nput
sxavspllgrodintioper Weightegeverfage pssegnstregd in theaararige bassd on the
cor ond t.0o the correc rse.is the eci si.on, .
G5 Ry TEouTeiHan R ArpeeBepotcr e B ot s
ﬁgﬂfdcﬁ ﬂ%)pe%ﬁ)rinﬁndefﬁrﬁtﬁe tdsDsHIESg R bk 88 Frovbdréat.l ANafgsLRaining
ABLE 4 - Average denotes the average perfornmance
et pod/er ehangey wdbe fopbre lePRSPYAE QMAY ERpIgES gergreivation. For both
[
R R G R R R
taRes@proximetelyedd secoidd tp pafse bmariCEGHn Peitéunt dstitls BGBiof RAM.
good but far fromperfect. Alarger training set
and/ or changes in the feature representati on nay
I nprove generalization. For both the docunent and
mat hemati cal equati on domains, a typical input with 80
termnals takes appYEbl drdteailyy O3dheEWdHds t o parse on
a 1. 7GHz Penti um dpshhént $etorl ERMGiod ABKE 4. Resul ts
On The UWII Docunent Structure Extraction Task F1
Preci sion Recall Train| Averdg@réién (. Rdgcall. |96
Wei ght ed 0. 958950951 Test—Average16-85—10. 86 0. 84

Wi ght ed 0.89 089 0. 88
Average | 0.96 0.97 0.96

Weighted | 0.95 0.95 0.95

Test:
Average | 0.85 0.86 0.84
Weighted | 0.89 0.89 0.88
[0039] The equation database includes 180 expressions and a grammar with

51 different mathematical symbols such as A and §. The results are shown in

TABLE 5 below).

15



[ 0039] The equati on dat abase includes 180 expressions
and a grammar with 51 different mathematical synbols
weamhoe®3A and (5. The results are shown in TRBIESTH06/026140

bel ow). 15 WD 2007/ 005937 PCTI US2006/ 026140 TABLE 5:
Results On Mat henati cal Expression Recogni ti on Task FlI
Preci sion Recal | T, ed 1.1 1 Test:

Wei ghted 0.942 0. 949;%3%3%1 erlﬁnsattlzcalarlu:es of the
systens and met hods BrRiesigeResaznities|Bagk s f r amewor k

that can learn to sinul taneous -Lﬁ—segnenf and recogni ze
conponents of printed dochihent Srecisien f (Rerdllgrk i s
quite generaI,Thmnthat al | paranEters of the |parsing
process are se .” & gatabase—of—t+ragin-nrg-exanpl es.
The effectiveness ﬁﬁ zenérallty Lf t he ﬂranemnrk has
been denonstrialed: by presentlrg two appllcatlons:

page | ayout stru t on et tli ca
expression r cooﬁyﬁg@ﬁg 09& fP%E? ggggthe I nput
to the algorlthn1|s a coIIectlon of lines on the page
and the output is the section, colum, and paragraph
structure. In the second case, the input is a

[pokdlect i onImfancruieks Sete6RMPO AR Pho e ap &gy st fdarh &@ork
output is a set of recognized_ mathematical synbols

t&lﬁbcwr%@ara dosiuligaeously sesmentyingd secogpize GompoRgRds ofpinted

t e, .f ,
bl b ARG S TR gBhctali] 5t ll pREREs oY Mokl
process SE set iging p ddiabaseafi trammgr Qa;tampﬂesc ddeietfiectivenysstapch

004 I p.vieew of the exe ens shown and
breiaty pfinkisiheork B Eas MByPhdefhy SHegrhae v Bplications
%dg@hmﬂ b6kt cREEAT0H ANE thaMehttitexprdagidh i@REAitvh! In 18 first

etter appreciated with reference to the flow charts

Qﬁse rhampuytogthe algorithm jse, coflegtionmilings en thefpage apd theioyput is
g g%&r{f& Hn%nand ﬁ?agg%)thrk%% *{uoeg Lﬁ%h@%e%loég ?%gréb@n (?nput isa

MMeﬁ@t @Dcd)nalde(ﬁ@cﬁﬁlﬁﬁieﬁﬂs ot thdwdgetahe tlendaputienta odt&ognized
not limted bly the order. of. the bl ocks, as sone
S

Bederwatical jympals and Giedeled Gae Reegssarg braramae thedpayly While
ﬂl@ ficd] éc}%fe‘ﬁ{bt a1§h’g?i?€ SireRdl QEryCRRGHEdi§R s Vb TR 185RRE and

ocks rom-t
parsing process are necessary to produce an accurate recognition system.

[0041] In view of the exemplary systems shown and described above,
methodologies that may be implemented in accordance with the embodiments will be
better appreciated with reference to the flow charts of FIGs. 7 and 8. While, for
purposes of simplicity of explanation, the methodologies are shown and described as
a series of blocks, it is to be understood and appreciated that the embodiments are not
limited by the order of the blocks, as some blocks may, in accordance with an
embodiment, occur in different orders and/or concurrently with other blocks from that
shown and described herein. Moreover, not all illustrated blocks may be required to
implement the methodologies in accordance with the embodiments.

[0042] The embodiments may be described in the general context of
computer-executable instructions, such as program modules, executed by one or more

components. Generally, program modules include routines, programs, objects, data
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shown and descri bed herein. Mreover, not all

illustrated bl ocks may be required to inplenent the
woreionoeBDgi es in accordance with the enbodi mMeEPEBUS2006/026140

[0042] The enbodi ments may be described in the general

context of conputer-executable instructions, such as

| . t
BREHET Pl A R RO Tias Bkl G orn PG A A Rehata
8PEE Chypicaligt te ARt ORIR) OF Q283 AmREIUISAAR6 HO 28k HBed or

structures, etc., that performparticular tasks or
figsibaiedres dpsiredi lwaa@usab@mog&@f @Qleélbofi%lféés Typical 'y,

functi y
f)dgﬁ ned Oﬁ{ﬁg,: gf ? ut e%gr es g | r?e @fafgaYItakB%g document
vised] attoesreahalyss ie atnmddammtzvﬁh ah @83t of an drhbadimientds Ehaawm.

f 700, of f | d
SheifouPho 2 d02 uforeida o1 Gougriae! WHDH Gebspette of
QHo@ﬁhe%W@ﬁ' NeRAmmStiS B¥¥eing pFRRsdRtAGhphPad 8 Qrf fnferdid® of the

by receiving an I nput assocCi at ed wth a visual
dequunsntivieuad strugturtdiomentingriha flow Z{J’Sarﬂmgr@amapaalsxmglg process

s, the i nf erence.o
R R S S D S RS
ithengraroRtditak tRaradinee A Patmsticd abstifigdtisfe Thewache
not limted to 8Processes enpl oyi ng machi ne | earnin

leaningan|inglude, byt @t imifed tog Ferysntionsl machige leagping fachpigues
icllla ?T%&%fﬁ? ga%%}%&(#l d;fgcmﬂﬁ?es'&ﬁﬁmerﬁ | earning can

|ncIu onvent'i onal nachi ne
[08d4]ni ng tTéaﬂmmgqmd%IG 8.umbhthasfléwrdiaxamplf @ method 800 of

erceptron-based techni ques .and. t he |.ike. 4
B R PR el S Ao A o MR fangeept an
886 Bhenifigabpitieat TR nﬁ%ﬁrg@O fstaWs S0 Ib%f %&Je&k%gl b€ input associated
anal ysis in accordance with an aspec

with 6 diswehgtruciire epi doaanentheq. rﬂ"shermwag s@ucgquféhcsmumpnt is

[y t i S uctdy,
R o e R
dmtngmu tflos808t Medriceis opaeiad thetlimieni@nibeniillized td dugiiegt the
npl ex | ocal and/or SI obal features 806 endi ng the

e igplufiadut RetiraHed P maghing deagting.inaess
E&bsﬁh‘gg B Fedti}Es aﬁuﬁw%a%t s%gﬁ{x%{u?d % bikBC bhPL lnﬁ)g%slﬁgdcﬂ&e

ut not limted to arning, parse
Feasingf mﬁamh@te tha ghsingiimagler mcgmlierage aclghrt. NEhd ¢Hee. caEdren be

exa ne an CI itate the n .

SR B Dargieat 575 bRded Som@Stt 6 EdhvhBA s eation

?&Béé@ I 86l clafdifcaRiof PRSREHAR utiSed t}@fsubﬁﬁﬁéri%QetedﬁMl&ﬁexamples
hat are relayed to a classification "process. The

dpag with itheampeingleamngstodenin ysat of glassifiers s Ubs elgasfieatioaprocess
T
Phodestiying properties allow classifiers to facilitate in assigning proper costs to
correct and/or incorrect parses.

[0045] Similarly, the parse boosting can be provided to the parsing process to
facilitate in learning correct parses more efficiently. A fast feature process can be
provided to compute parse images via computation of integral images of document
features and/or utilization of constellations of integral images to enhance the parsing
efficiency. An image scoring process can facilitate parsing by providing scores of

parsed images for a cost function utilized for parsing.
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can then determ ne identifying properties between
positive and negative exanples. The identifying
w@empeoses all ow classifiers to facilitate i NPCT/US2006/026140
assi gning proper costs to correct and/or incorrect
parses. [0045] Simlarly, the parse boosting can be

jded tp the parsi.n ocess to facilitate in
Rod6] e By dndi B ACaRFRE B andfypr i vrions aspects
: f)f«‘ﬂk WhBoPhRGES F1G.aarfdethe BSIRW AL Hisé1@sioR P iHdhdPa kS rovide a
gges via conputation of integral inmages of docunent

peefi gensiel dawripron of # puitableorominiing aayiegnnzant 84 irpwhich the
kfﬁﬁcﬁgr giec{s'@gk?eserﬁ@ocﬁlﬂgﬁtg tﬂgq?l? g, Whiid e}e/e%()dlréghts

i mage scoring process can faci e parsing
bavae\hiedn descabat dmveﬁn thegeaadl compbeye sf tanpuecastutbirdhstortions

ilized for 007/005937
P47 tG BB B AR bbb 1A SPURHEr s swels compute, those
addéd inap@hrt GAMt&SEnikO Fhat TR BIBRAI M W f hRHDe a8 PR eBted in
of the enbodinents, FIG 9 and the follow ng
eorgbinstigrowith sthenprogrrarimodulss.oGrersally, Phrdrash, megavesringlude

I
(SRR, BRIPR O LoRoShi AL SGRURILI NG, SOVLLAMIEIL,A0D ks
bagbenmptaeht pihlcubir bbaraendadiypent Morelmwle thse Bkllled in the art

descri bed above in the general context of
wilhARRreTate kit thed BY @tive él%eﬂlmd@ iyDe pyactised s athagr computer

BY<Rat 8l f"aﬁloh’s’ riﬁclE('ﬁP?e él%fe?#roﬁeg@;rlr%{r?ﬁulﬁrb%&ﬁscfr%ﬂﬂl fiter

conput er, ose recogni z

syséms, hamemhputcmemhmﬁrm;c calgpotdos as mllmntseniahcnmputers hand-
ination wWth other r.am Ies CGener,

B G aR e Rl e eSE rHa g5 5 p nable eofisumer

eREBMIENEA thddka, kR QfJIVchﬁSnayeJ}ferathﬁ%rrﬁﬁﬁﬂlé’itg‘wnh one or

parti cufar t asks and/ or i npl enent Eartl cul ar abstract

aeraasypeed dnecsovde lllmr@seé agpdcls efdhg embedimgnts majj also be
?#?Loeegl ﬁhf‘strhjﬁ%d t%o%?pdﬁ'ﬁé %{}\t/lr(y &H&% cBR¥in k?a?sll@ rﬁ% 'rf%grged by

er co gurations

sdnmgé propé@ﬁg&&@fce@ﬂlaﬂaﬂeﬂinkm ﬁmtgﬂh@rco@ﬁmmitz&fons By HEKS,

j ni conput er. s, i nframe orrpt rs, as vveII as
PiHFTa oo st &<aSPreH At R EMIodEIRAT A HBIFF beed on stand-

Q‘oﬁé OHhPRERISH 2 Q%ﬁ%t&f‘(gfnﬂfutlﬁé QA AR ﬁarﬁ%%%ﬂules may be

el ectronics, and the |1 ke,” each of whi
tpsetedtin loeal;awmmﬂr@mp@an@nwytsmmgaedemces nmore associ at ed

HRI7ErSs oo it BTt aRat ol cor Bofbr ot o efer

W b IRRABN Rttt iy, RhdrdiaRiv 8 kScortBn AR THAREVRY and
renote processin deV| ces that are |linked through a

eI R SOEALRR 8T $RETWASE K1 exeriigsy dor exapile, 3 eompaneat may be, but
e L
exacutablene ﬂtreadmf@ge(arﬁonpﬂ plogsaniyayid Reomputer. By way of illustration,
an application running on a server and/or the server can be a component. In addition,
a component may include one or more subcomponents.
[0048] With reference to FIG. 9, an exemplary system environment 900 for
implementing the various aspects of the embodiments include a conventional
computer 902, including a processing unit 904, a system memory 906, and a system

bus 908 that couples various system components, including the system memory, to the

processing unit 904. The processing unit 904 may be any commercially available or
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| ocated in | ocal and/or renote nenory storage devices.
[0047] As used in this application, the term

wo emmpareent " is intended to refer to a PCT/US2006/026140
conputer-related entity, either hardware, a

conmbi nation of hardware and software, software, or

%ggltl%%{yeprlpgesgcgte ] Iaéff {%%la t]?e[)pr%)g(e n?mg é&ténqymn ?Pr{aa/ as multi-

P08 SREmedoPhOeahsiOdne p’iﬁce@&lreﬁich a8 hay@eQoHheddldEin parallel.
t hread of execution, a program and a conputer. By way

90491 | ust r Bks sistem bys WSpnascha @rzymfrsemﬁlrtgp@rpfémg é‘iWéWe

d
B A N G SRR PO Ot o i
43018 vavietshofrefresrtiona Hue afehifectfyes ancheasdi Gl HE As Mbmhannel

VI r t 900 fo | enentin vari ous C
g OISt eWnc?mD D FESTEm Ly %rﬁft%éﬁ%‘llu‘?eééﬁ%ﬁgi’f memory
g@M) oNG hii@lAEod BERS BRFHMI (WAM) 904 A BhsRYiS: bﬁ%dﬂﬁﬂ@?éﬂfem

and a system bus 908 that "coupl es various ‘sys
EHASH ﬁéﬁt@ntanrn@g tb@ubngc tchémsgzﬁxaéhﬁ:lnﬁfwmlysfertmfomgtlon between

a[e]r%&%% %&1{1]1%1 Hle c m uter 9 ag}le s uzs[lgllg&%rg%% %8%3é9¥{dﬁ 910.

commer ci al avai

[B@50]U82 OOGTEQ&iﬂ@terFBOQ Ridoah&f nchideces saimplt, ra ml&i tisk dfive
t he processi n}géunlt may be inpl enented as nul
Do & d2288et¢ disk8HVH? 188180 10 Frad TR Op Wé%@saonemoga@ﬁ digk 920,

%Efﬂiya e QNAQChEE 9B, P g%lj r€ddin hg?ﬁ%us tzrt%t%yas(tlﬁlﬁ@féfsdlsk 924

y be any of séever typ ucture
®rmih<trdlptuga1anﬂhamﬂ§c lpud dsk dnwedi §, wagnetiodisk I'd;riva 918, and optical

85 RSO %t o Shenet B e e B R 8Bl pvosges 026,
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wite to a renpvable di sk 0, an optical
oegnaticgassettes, flash mgmonyecatudsn @gﬁtabwdm digks, Beng)utloceatrldges and

) di 924 ot her cal. nedi.a. T
RIS el B3 R b hniPB s Gia e oot o0 g tuier
thel M AR nRAR HHNERELE dothPuttREx RUBHRIThAHEGRBIOR YpeForming the
hard di sk drive interface 926, a magnetic disk drive

metheds ke gpodiaratsan optical drive interface 930,

L()?g_gﬁ ctiv eAy émbtigp Sflll}grg Fl\éﬁlsmg&glg% %%% #a g og%hle 12[119&1%\%%' 9@6%2

ter-rea a provi
and RAM 912, including an operating system 932, one or more application programs

934, other program modules 936, and program data 938. The operating system 932
may be any suitable operating system or combination of operating systems. By way
of example, the application programs 934 and program modules 936 can include a
recognition scheme in accordance with an aspect of an embodiment.

[0052] A user can enter commands and information into the computer 902
through one or more user input devices, such as a keyboard 940 and a pointing device

(e.g., amouse 942). Other input devices (not shown) may include a microphone, a
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storage of data, data structures, conputer-executable

instructions, etc. for the conputer 902. Although the
wa@lemenoyesi on of conput er-readabl e nedi a above PEF/ESR06/a26140

a hard disk, a renovable magnetic disk and a CD, it

shoul d be appreciated by those skilled in the art
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RPRtRLHASTIG 9B indRME 6 RScaPirea RERRK AONESELehd Dwiddirea

processing unit 904 through a seri al port interface

ngiork IANE 9o uprcldietworking cayiserangtiiviare gogumanplaceinyoffises,
nnect h jnte aral | el
PO g R BT A8E o UE g T LT
[004]t or 94Fher usddhie b LIAND Retoforidhg phdsondesnt,der ¢xangls the
connected. to the system bus 908 via an interface,
compHies $0A i qanBer ediine ocgqisvork S9ddhiongh apgMigrs Inférface or
aggﬁrﬁblt 64s. gﬁ'ﬁen hid in BGWRN I%Y&Q&Wlﬂo?ﬁﬂeﬁg %ﬁcl‘tggﬁﬁter 902

I pher out put devi ces (nhot shown), suc
tgmeakensluder & modems (e.gt, telephons 3)S1, teabls, ¢ro.) B0, or is connected to

appreci.ated that th uter 902 can er . j.n a
Bl g v b e LARP 0k B e s IR it Re one
BB HLEFBY & tROWAN 66, sudb8k th MeteFRIDTR: H08FH D20, VHbh
miépki)e a wor kst at i on, a server cCoO ut er, a rout er, a
‘e

P injerpker exteratlielptiveotirimeaTar e 402n cronnegiefl to the system bus
Mmifﬁ‘ﬂelsgriél%%hqgﬁf'fam. Gh aPetwdked Qﬁ/ironment, program modules

(including application programs 934) and/or program data 938 can be stored in the
remote memory storage device 962. It will be appreciated that the network
connections shown are exemplary and other means (e.g., wired or wireless) of
establishing a communications link between the computers 902 and 960 can be used
when carrying out an aspect of an embodiment.

[0055] In accordance with the practices of persons skilled in the art of
computer programming, the e1nbodirﬂents have been described with reference to acts

and symbolic representations of operations that are performed by a computer, such as
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el enents described relative to the conputer 902,

al t hough for purposes of brevity, only a nenory
warmrage3devi ce 962 is illustrated in FIG 9. ACEUS2006/026140

| ogi cal connections depicted in FIG 9 can include a

| ocal area network (LAN) 964 and a wide area network

WA 966 uch networki.n nvi,ronments ar
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[0057] It is to be appreciated that the systems and/or methods of the
embodiments can be utilized in recognition facilitating computer components and
non-computer related components alike. Further, those skilled in the art will
recognize that the systems and/or methods of the embodiments are employable in a
vast array of electronic related technologies, including, but not limited to, computers,
servers and/or handheld electronic devices, and the like.

[0058] What has been described above includes exafnples of the

embodiments. It is, of course, not possible to describe every conceivable combination
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conmput er systemls operation, as well as other

processing of signals. The nenory |ocations where
waamhoeksa bits are nmai ntai ned are physical | OPER/USI086/026140

that have particular electrical, nmagnetic, or optica

properties corresponding to the data bits. [0056]

10 i.s _ang bJo di a
R R OEIREeR AR oniBE TR Rk it one
Jih@deust &im HOBO afft widyheso gnﬁdeuﬁatrnadr@sfuﬁher&wﬁibemtfbhahnd
i ncludes one or nopre client(s) 1002. The client(s)

nouptations pithe smaadimentsaig pewsitio  Agrordingly, the, suPJﬁPfé%%er is
ﬂﬁegxlﬁgé &nb e AR ERMbGE O'dlfir ﬁoﬁsy SR AG% tﬁiitsfgll within

udes one or nore server e server(s)
the @glrn and sdope obthe hapchdad elaansi/ Emrthesmbtw\m the etegt that the term

;h ds, prqcesses t.ing devices). i bl.e
i s T SR MhealfRleg PR T 05 i AT SR B804
Hﬁéﬁd@@ td B tbRsikO 1M Afander$ah AarRa Ghetbrnd e iehind " GsPGomprising”
transm tted between two or nore conputer processes.
isHnteryeled whaw eoployed puaBansitiauhword v dlam. f r amewor k
1008 that can be enployed to facilitate
conmuni cati ons between the client(s) 1002 and the
server(s) 1004. The client(s) 1002 are connected to
one or nore client data store(s) 1010 that can be
enployed to store information local to the client(s)
1002. Simlarly, the server(s) 1004 are connected to
one or nore server data store(s) 1006 that can be
enpl oyed to store information |ocal to the server(s)
1004. [0057] It is to be appreciated that the systens
and/ or met hods of the enbodinments can be utilized in
recognition facilitating conputer conponents and
non-conputer rel ated conponents alike. Further, those
skilled in the art will recognize that the systens
and/ or met hods of the enbodi ments are enployable in a
vast array of electronic related technol ogi es,
i ncluding, but not limted to, conputers, servers
and/ or handhel d el ectroni c devices, and the |iKke.
[ 0058] What has been descri bed above includes exanpl es
of the enbodinments. It is, of course, not possible to
descri be every concei vable conbination 21 WO
2007/ 005937 PCT/ US2006/ 026140 of conponents or
nmet hodol ogi es for purposes of describing the
enbodi nents, but one of ordinary skill in the art may
recogni ze that many further conbinations and
pernut ati ons of the enbodi nents are possible.
Accordingly, the subject matter is intended to
enbrace all such alterations, nodifications and
variations that fall wthin
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the spirit and scope of the appended cl ai ns.
Furthernore, to the extent that the term "includes"
WO 200a8@937 N ei t her the detail ed description orPCT/lig2006/026140
claims, such termis intended to be inclusive in a
manner simlar to the term"conprising" as
“conprising" is interpret&ﬂﬁ_ n enpl oyed as a
transitional word in a cla WO 2007/ 005937
PCT/ US2006/ 026140 CLAIMS What is clainmed is: 1. A
sVisd emibialg ;kaci litates recognition, conprising: a
recei ving conponent that receives an input associ ated
with a visual structure of a docunent; and a gramar

conmpoRent tih empl oys....at | t..in part.,. a
gr arrrrgt i ca Sfeglrngl? g%f’%lg%essrte (?0 i cﬁ%ﬁ’ﬁm%f t he

Vi suak rédeiwg usBpdent thet rdosdurentinb @t ak@eidtéd @itk aivikual structure

gr. aHmatl cally parsing the input. 2. The system of
ef adpsumentii@idyr anmar conponent further conprising a

docu ' .racts

2 | ay oot arr SRR hAGR Y, SIPRERFRk §iRim At A
bierdrclzcdgtinciued madad /obthegliniabétrifcaat of d&. do8umdineao $aycslitetnin
of cI%i 12, t he gocument structure extraction

BB bcﬁlypalismgit @9PHbchi ne | earning, inage scoring,
parse | earning boosting, and/or fast features to
facilitate in extracting the docunent |ayout

st rucur e. The syshan o eleiam! othe gramimericomppaerjrfartherrcomprising a

t I SING...a [ Si conponent .
FRTRRAR S e SRR B0 o BP5E} DSSOMRRPET hspcd
dethehartdsdungenantiloghg vakl pays-gldvadBaturgd. obal search. 5.

The system of claim4, the parsing conponent enploys
the classifier to facilitate in determning a

granmgt i calhe Qedierh WPERINPD,; the dPJLHﬁelft )éﬁﬁ@c{ﬂe(gxtrﬁ(gﬁi;ﬂr@gﬁmgnent

the classifier conprising a classitfier traine
othzes mdchingl learaio) inegh eaurimgnprrselchmingisosing, Pne/os fast Emmtures

frclaim®6, .the chi ne | ear ni t echni que conpri si ng,
g({ fac’ll%’é%fn ?’ﬁraﬁg?gn&legloﬁg??gEatylogﬂgtﬂﬁg‘ga' t echni que. 23 WO
2007/ 005937 PCT/ US2006/ 026140
4. The system of claim 1, the grammar component further comprising:

a parsing component that employs at least one classifier to facilitate in

determining an optimal parse from a global search.

5. The system of claim 4, the parsing component employs the classifier to

facilitate in determining a grammatical cost function.

6. The system of claim 3, the classifier comprising a classifier trained via

a conventional machine learning technique.

7. The system of claim 6, the machine learning technique comprising, at

least in part, a perceptron-based technique.
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8. The systemof claim1l, the grammar conponent
utilizes a grammatical parsing process based on, at
wo w3097 part, a discrimnative granmmti cal nedEDS2006/026140
The system of claim1, the granmar conponent enpl oys,
at least in part, dynamc prograrmi ng to deterrri ne

the pti parse e for the Str U red

Pod Rbe STRERIF PR dotip ce R SpeO- B LY p prambaical
pﬁu%ﬁ@ prodtds Bakell BRUAL ISR as! sdlsmﬂnihaavw peiahatidal tetielr
of a docunent:; and applying a granmati cal parsing
process to an inference of the docunent visual
strugture f
conprgl si ng h{lzjs%grﬁeof@ﬁhﬂ thIg g@tﬂ?ﬂaoglggc{n%g loys at leaSt m
phitadyanmii mabrasimingtto detenmide theafptitrtad parge Haaforsher untctmed
of the docunent to facilitate in grammatically parsing
1308t document  visual structure input. 12. The method
of claim 10, the grammati cal parsing process based on
a discrimnative granmatical npdel. 13, The nethod of
cl ai 1010 fAumethed f@bﬁpﬂutaé,mggecolgmt@nn@mmmgqput based

]9 3 ngtrgcreﬁfrﬂg%%ﬁ Pnz)l t as%?m?tfeaj glt%l'a%suai F}ﬁlcgl?@ mtr%gﬁ'lh%rgpﬁfd

| ear ﬁppllglﬂg@cirﬁnmwhﬁtmﬁmbbest &b axsinferencbadfeherloiungnanisual
opti mal parse froma global search. 14. The nethod of
sEPeEt® 13 further conprising: representing at |east

one parse as an image; and scoring the image to
facilitate the grammatical cost function in

det erlm ni ﬁl"gle mstthocbpfclami 1<.bﬁm~®er comgprisitg et hod of

claiml r SO

PCTI CRBIY o 28T A O RBTPTG HOBGT AR FRRYRE TpeLgl the

JifABIrRARe Gpﬁiérﬂ%ﬁﬁméﬁ% eceitB i SFanGeATdllY ParsBig thedsdument
one constellation of a plurality of integral inages to

\flsi@1$tﬁlcatfelnnﬁl’fpar5| ng the input. 16. The net hod of

claim13 further conprising: wutilizing AdaBoost to
facilitate in parsing the input.
12.  The method of claim 10, the grammatical parsing process based on a

discriminative grammatical model.

13.  The method of claim 10 further comprising:
parsing the input based on a grammatical cost function; the grammatical cost
function derived, at least in part, via a machine learning technique that facilitates in

determining an optimal parse from a global search.
14.  The method of claim 13 further comprising:
representing at least one parse as an image; and
scoring the image to facilitate the grammatical cost function in determining

the optimal parse.

15.  The method of claim 14 further comprising:
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17. A systemthat facilitates recognition, conprising:

means for receiving an i nput associated with a visua
wGeranesese of a docunent; and nmeans for enpl oBETIUS2084/026140

| east in part, a granmatical nodel of the visua

structure of the docunment to facilitate in

grammatical ly parsing the visual structpuge in . 18, .
The syt Beal e pLptiet Sre fshtenh iRt @b gpmputing
RAES Bl dohSteMhSdPdE SpliHLkH6BinteBRY imaeds hd Zicflfatatin bedmk the
one classifier trained via a nmachine |earning

twghni que. 19. A device enploying the nethod of claim
10 conprising at | east one selected fromthe group
consi sting of a conputer, a server, and a handheld

el ect t@ni cTheewihod.of 2imA3rfetlgrbipasingy st em enpl oyi ng

the systemof claimj to facilitate.in inporting
and/oPu%&%%géﬂﬁﬁmagbGﬁéﬁﬁeU%@ﬁ%?gg?ﬁﬁ@#ures. 25

17. A system that facilitates recognition, comprising:

means for receiving an input associated with a visual structure of a document;
and

means for employing, at least in part, a grammatical model of the visual
structure of the document to facilitate in grammatically parsing the visual structure

input.

18.  The system of claim 17 further comprising:
means for parsing the visual structure input utilizing at least one classifier

trained via a machine learning technique.
19. A device employing the method of claim 10 comprising at least one
selected from the group consisting of a computer, a server, and a handheld electronic

device.

20. A recognition system employing the system of claim 1 to facilitate in

importing and/or exporting document visual structures.
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