GRAMVATI CAL PARSI NG OF DOCUMENT VI SUAL STRUCTURES
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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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d0dddii ment She rfollqwmie Ipraveris e smélf@d@p@ntﬁry phéesubjeelgnatter in

TR G POk PR SR gRgEPP

Féﬁfﬂotlﬁl@ntso Ilhﬁsmarydghaﬂ dnegttaheise biv@ttvie@ﬂof ﬁhatsubjﬁct matter. It is
presented | ater. t ens and Wgo s ar

-@pbmt@é@d méﬁnt@f&ewrlaeaé ern&saqf theaenab mFBtSfoé&‘? figlinggtg the
SRl et A6 R B S d conosptsof e e

Ineatter ﬂgaesimlphﬁed( farar:as aaprhiude ar thhinoad dstaﬂa:ﬁ:dmmpmmmhat is
facil |§§th es recognition of the docunent. The visual
PEFEELCTof t he document is granmatical |y parsed
Ybeds) Zi NG 1Yerekhs BRA Ak aﬁ%ﬁl@éd MaseR lo§'tg§£ﬂ1ﬁ1ht1€aﬁibarsmg to
parsing algorithns. This allows recognition of |ayout
é@mlyf@teun e@ogemgn of detumens streaietas r 4, twpidimgssionad semeseagtion of
ch t
%{xgeérﬁ I‘Ir%t] grage&( oeé(gr&c:tuar a?rtaircéﬁc‘iraﬁ%ttr&%?rlg tﬂgg%’c Ptgﬂ:% :?ec%g?ltlon

tcﬁ@ﬁHﬂo@UﬁSntC arhealisinl feucarp bf)medlot:mnér&ds; bilatranh aicdliy paeet
I out recognition. For, exapp ramat i cal

FE desupprson ?@4%1°ﬁﬁeﬂ$tﬁé9tlf’gd%ai@ﬁl%a gﬁ%ﬁhgrgr Hoatows
Sr‘é&ﬁ%ﬁﬂ)nl%?%?ygupﬁrdcf[ﬁ'gse(s T LROGAREN! AbthORShitlAORBAIS, erc.) and the

t echini ques, “"and/ or t°’f eat ur és’
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
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FIG. 8 is another flow diagram of a method of facilitating document visual

structure analysis in accordance with an aspect of an embodiment.

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
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FIG 10 illustrates another exanple operating

envi ronnent in which an enbodi ment can functi on.
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can also be utilized to facilitate in increasing parsing speed and efficiency. Selection
of fast features of the document as well as boosting techniques for parse learning can
also be utilized to increase productivity of the systems and methods.
[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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grammati cal parsing mechani snms, the efficiency of
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of a receiving component 208 and a grammar component 210. The receiving
component 208 receives the visual structure input 204 and relays it 204 to the
grammar component 210. In other instances, the functionality of the receiving
component 208 can be included in the grammar component 210, allowing the
grammar component 210 to directly receive the visual structure input 204. The
grammar component 210 also receives a basic structure layout grammar 212. The
basic structure layout grammar 212 provides an initial visual structure grammar

framework for the document layout. The grammar component 210 parses the visual
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conprised of” a receiving conmponent 308 and a granmar
SoApueraets v@tt(the Theument structure extraction component 314 to specifically

facilitate in extracting visual structure information from the visual structure input 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.
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factli tatge I n assi gning proper costs to correct aﬁal or
ieadoelereett of drespee (The changémyonh mpdhetine 34 apprbnate, efc.).
g%telfljdgr? g’ant bheefogt?sted %fy ir%lg 1§1Ig Ehl%rtﬁe clzrtllcictapghaggc%grsr% Ia%e%lture

computation. The systems and methods herein can also utilize computed integral

images of document features as well. For example, document 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



function 318 of the visual structure gramar nodel 316
to facilitate in scoring subparses of the subsequent

W@ 2107006598 abel ed exanples. In this manner, the PCDUSNE6/026140
continues iteratively until an optinmal parse tree 306
is obtained (e.g., no higher scoring parse tree is
obt ai ned .or_no | ower ¢o se tree 1S, obtain . .
BT by LGB B G RO RERT RS g fmase
GRwRE S8tiFiFY. Rentfithghesi in@gendmdaoaputisd thetrocthagdle birhate each
In learning correct parses nore efficiently. A fast
reagdergd Enggedp ArhahHIep cEREISE. ppdpstarh thegntegra) imassisrerdered
j ' : [ j LAl doou
FHRILEGPIP Pl RSl o0 W BRID i EPRES Ay HAC TR, te
feataagleabimi fragessubseteffi Breniomgehis trasusa ofjthe idataigbnayms ffiwe the
ina&ﬁ scoring nmechani sm 328 can facilitate parsing by
HSFIaT M- scores of parsed images for the grammatica
cost- function 318. These nechani snms 322-330 are
opti onal and not required for parsing of the visua

0 SuED4. [0018] When utilizing
el | at ;00 int.e [ - I :

GRR31 €' 1 P WS e B s PR P e G b, one stmple
gagenaid framewdRtiegiirl “thagpearkiag’t Gon M eKlay, A lgaithm schemata
el ement of the page.{e.qg.,. characlers, d, .and/ or,
M%@t%ém&ag%lﬁrswa%%t}c %@&?Sﬁ%ﬂgﬁtnpeﬁg%% 1880 e qetagpttempts
Rl REhE Ghit8s 8FY Yndrh € (LT IERh ARAERALERSHISE sbr 6RL HER
conmput ation. The systens "“and net hods herein can al so
téihlraZ B 2§ efpiépebtitithediiad subiRgesco bl e aBNR . fHat dksest any
as wel|. For example, docunent features such as |arge
pei-teamiished heexprasegdeas, the, Ellopdng reguirgiisent s of
boundi ng boxes, and/or horizontal alignnments of text
lines and the like can be utilized. [0019] Thus, by
utilizing e, Rpyteghial dEEYE+C(E, R, B+ Rassisd)e to Egq. 1
qui ckly coggut 2 rmjgynég?ggf i f?gnd/ or )E| ack (a1
pi xel s within an ifvédge rectangle. Conputing the
integral image for an inmage is expensive, but once it
i s conputed, rectangular suns can be quickly conputed.
Wher @csebngk 008 ACHddldtiodh Y@M, bAAIR, MTOY s@iiscfBahch of tb@inals
in ani mage, there i's an exponential nunber of inmages
{deabtetiay a beglnyené® fahdm, t 4re sib¥e@enteomeich st difoi hnd
Rendering these inages and conputing the rectangle
sho% drden BaRN(iles nidsr fedin iaripaeition”)p E3kdnbially \thé yecurrence states
expensive. So, instead, the integral inmage is rendered
fhat theacdre dér A secoolyjusct by fambing s lae oot deboaypositioned itz terminals

i nage constel | atians." Thus, the rect le sum for
Uil S SO RES; FaguarofuctoNgs aistnsh ACRY (PLRPSigre e
PfBabiliRs 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?)

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



constel l ati ons. Two- D nensi onal Parsing [0020] Wile

there are a nunber of conpeting parsing algorithns,
wor@7803pt e yet generic franmework is called " cP@er/US2006/026140

parsing" (see, M Kay, "Algorithmschemata and data

structures in syntactic processing,"” pp. 35-70, 1986).

Chart parsing attenpts to fill in the entries of a

apd < &()A,Slln)e the Eﬁéﬁeaquvoalloqaég epiERisy@el) stheoseigl a

non termnal A,as an interpretation of the

§%P]§éﬁ¥lésn@épft\ff3)‘term nals R . The cost of any

) oL Aty RS A AN o tpension
aehmemen(sbsf. terh)indi§ kdqBTesdigoae{tBClimea e keppebleh fis that the
A e
RSPRS00 1) ) RIS S s
HRRHTE 3055151 S5y Lk, SBRipel Riph SRS, i

o gl 8{0) pt whkSP(NERBReAVIAHUGhIc ol § REBIANE KifceGRSE are an
(or 1 oss or negative log probability) in a table, /(A
exponBaijal nubtter efitubses thermlgonghm aextpohsmingt | mes cal | ed

) can filled,in any order, either top.down or
HIESE . HHEmkBHGrd 2 e O O g i PG e entel in cases
heREBe LEQTRRRMPBRER oPfhe €ORN to%!’Hi%H &8¢, UNAL HANS®R BEgnition
filled and the work required to filT each entry. The
ohmathegatiss reing etwoddithensisanktrainabde tonterdriresayauemen” dastir’s

erm S; USi a granmmay . el udi.ng P .non-term nal s
HESTOPRA u{ie R0er JANRTRRY wlciFintEbi2 R ChiBkah Bnver
S REIEBRERSs rddionst RS HE that Bdlatd chull(RYARI=i N )

Since the work required to fill each entry is O(N)

thell@y prar, = GoEpd, 8X Gt Miller &XIPNA3 Viola] YBBiguity and constraint in
Unfortunately, a direct application of chart parsing
toxthenetidaIneapsdssioa recagniing & e Rt &ceeding.eofrhe At ond quinfeeence of

e nenfial, tinme, The ke roblemis that the :
Vel "ﬁ&t”éﬁ %r@@fﬂ%&vﬁesys%ﬁﬁwe%ﬂ@%@@ﬁttflﬁger&wed&%)- Calling
RIRL B Rid R iEﬁH@taEgl%pﬁe&; sild3&ak1e et PiRs RAhirsa SWeRregion of the
subset, and 1 and are subsets which are disjoint

ange. ihsseorth noting that if the terminals lie along a line (and therefore have a
strict linear ordering) the convex hull criterion yields the O(N?) regions and is

equivalent to the linear sequence used in conventional parsing.
[0023] By making use of the convex hull constraint, as well as other

geometric constraints, the set of subsets considered during parsing 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



union is RO (i.e., they forma partition). The size of
the chart can be analyzed - which is (P IP(N 1)
wob@7moPEN) is set of all subsets of N term naPCT/USNEE26140
there are an exponential nunber of subsets the
algorithmis exponential. [0022] Hull introduced a

ometric criteri.on whi gh prunes the.search ji.n.case .
HemGtonSs flehEiGon < Bhitnamegly (hBoRaTe Addtiapfimation
(&8s pdraghaphdelihdarieReeAaMst juRifiQfioNPAdde fRhé G8pdtaintlg, Bading

t wo-di mensi onal trai nable context-free grammar, " o
fiawtass negessapsasswelly This goemend sigyctukinforpatignis wseloften missing

o A y .

b R E R e T AT B SR B WhEh®s s, .

ord/ohPost{ciipL heraddiflor secuhentGirubtute ieformatoryiehls a living
iola, "Ambiguity and constraint i hemat i cal

gm@@érh&hc hPeipgRL e G @Rt te_gfanfti fi like. Thus,

hih PRk S ABASTENEGRatSS infehdel i BbfulsE b ihgRBEEment.

Ameri can Associ ationof Artificial Intelligence,

138) . Cal Dongmentgwepasaion pregyamp SrequentlyWivigp theprindedepage into

si nce ch set lies within a vex regign af the
3. R Bl S Rat b Prth S e el frgh g some
al@bg of patageaphanThishesedios @rieareisexptdsiel asld fiemmar in TABLE
ordering) the convex hull criterion yields the CXN%Q
A bgiosh edge eighisshuetyte is suffigient forfisgiratebyiodues asghtable
Eﬁﬁ&ﬂ‘é‘%@eﬁx}n RabcRALs ng. [0023] By making use of the
convex hu constraint, as well as other geonetric
constraints, the set of subsets considered during
parsing can be significantly reduced. These
constraints conbine to yield near QCN ) conplexity on
nost types of priTkEd ©€oGUIXREHIS GrdaasdimeRith Layout

Anal ysi s [0024] One, 4ol 9f pAOGUTRNL. pyQut anal ysi s
is to determne the in ormaP| on necessary to convert a
scanned docu g P& ' e file for
a docunent preparation programsuch as, for exanple,
LaTeX and/ or [a ‘Aot Shrocdéssditait the 1ike. Wile the
text in a scanrédrHiske>ckam) be easily extracted using
OCR, thi sinfof rati on riigemn@t) sufficient to pr opluce an
casi |y editabl e fiLie. Adgitlgnal, jpformation such as
par agraph boundaries, columms, Justification,|and,

mor e i nport ant I‘yineléddindiFtow are necessary ks wel | .
Thi s docunent| stinctrmerdingoy mati on i s al so often

m ssing from poptAaRk&: d9GIERM.bid LS (PDF) and
Postscript fi|es or

. Whether_ for scans, PDF, and
Post scri pt, théw%’lﬁd&l{s%ﬁ W(S’Fg)dé)r’gﬁf%ﬁﬁ)t t%?‘\'"‘ﬂ%ﬁur P

information yields a |living

[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



docunent that can be repagi nated, reformatted, and/or
edited and the |like. Thus, having such a capability

w@e@anhip3i ncreases the useful ness of the docunkeit/US2006/026140
[ 0025] Docunent preparation prograns frequently divide
the printed page into sections. Each section has sone

”””ﬁc&c&%&g@% PR PG EHE o SRR EY PR TR Sugtm by e

hnd &alRABbE whl 9b@¥mdNaMeiee 0PE0 §bdunenty WhicH iftlude
sufficient to accuratel% produce an editable file

pag@ﬁf@ns@mnéwm@uh@cﬁqs zibes.An Exanpl e Granmar
Whi ch Can Be Used To Describe Printed Pages (Page - "
ParList) (ParList -> Par ParList) (ParList - Par) (Par
Prihiet 8dtBdn)atick metpretsition Li ne Li neLi st) (Li neLi st -
Li nefj (Li dLi st) (WordList - g Wor dLi s

Li st Irgll%?#m(lwsgarc cqnérlnml%p m?ség i papers are made
E%a?ﬁﬁl' gﬁﬁéﬁnWIeon%sfseﬁﬂie dWHﬁé &QWHﬁ%ntLM gﬁnﬁ’&g: WRB Formats do
I mage dat abase (see . l'ips, S. and
Harrsabparkeasy Geise onrdommmg (am @lba:sasamphnel ahedncludmd equations,

di t t]
BB R Ry e A RO SR SA DL G055t SRE et dpelpds bls
eV AL Bn BEBRGEHpIleCaEnE Sk The GO Stahfiatt oif Rientific
l'i nes, par a%r aphs, regions, and readi gg order. In FIG

nubleeﬁtl@mﬂo@l éXpag@mmamedmrpwéewvw ang Breheqyadity

T rj kS : .
AT B TR L Rl ALY b g
Beqluﬁek_hdj megotsirnet thokaBéM pqedtiohhesellito generath eheoarigodl. i s

hical d ti t
WUBS one/ corsehar BRREHS SRaPRSen adhaRk &1 acros can
& Qirado EfndtiimbAab %esdcﬁﬁﬁleﬁﬁ%héléﬁn%%é/&ﬁ efhd &sﬁlh% a set of

grammar above. Trai ni ng eval uation was perforned

ussirngented devied Hﬁ@p@d@m@ﬁﬂés filgh ivdiich ¢l h@dﬁové@éistofeﬂbmt the
b&d ecﬁng%o@? BF chaTac?eors(? Ic(>rs’1 ’theapna%e ancgﬁle co%%spondlng LaTeX expression.

These macros have been applied to a set of LaTeX files made available from the

ArXiv .pre-print server (see, FIG. 5 - An example equation 500 used to train a
mathematical expression recognizer.).

[0029] After post-processing, the training data is a collection of expressions,
each a well-formed syntactic tree of terminals. These trees provide the opportunity to
directly induce the grammar, since productions of the grammar are directly observable
from the input trees (such a grammar is often called a “tree-bank™ grammar). The
induced grammar is shown in TABLE 2 below. Note that the terminals of the
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.

11



Pri nted NMat hemat

ics Interpretation [0027]

In the

acadeni ¢ research comunity, alnost all new papers are
worewa/0es9al | abl e either in PDF or Postscript. \WET/@S2006/026140
convenient for printing, these formats do not support

easy reuse or reformatting. One clear exanple is the

i ncl uded equati ons, C xtracted, edited,
or searched easily. gﬂ g{rz]ze%alar}fplf"élg& l(rﬁcl ude t abl es,
f oot notes, and bi bl i Mpthgirtied Expiessiense | j ke. The
def acto standard_L0L49;4yn4444;+%#ﬂ44%4+on Is LaTeX,
in part because j {E¥¥ovi Bew) powerful and |hi gh-qual ity
mat hemati cs | ayou(Ro\bm;n@ﬁ;IBij nor Post gcri pt
docunents provide the in tion required to
reconstruct the L % €q %P ons used to denerate the
8“ gi nal . [0028] Gtemn—>a819ﬂterm)‘ trai ni ng |(LaTeX
ocunments, a set s can be ysed to
“"instrunment" the g%cuwe&% ené ring process. The
result is a set KﬁﬂnsﬁTEﬁ%ﬁ@@d devi ce i ndependent
(DVl) files whi ch(ﬁé}ﬁ Jgeslﬁﬂféﬁgssed to ext ract the
boundi ng boxes of characters oq:qqfi e land t he
cor respondi ng LaTéaghesp e sRew 't '@gé dros have been
aﬁplled to a set| gfrabRdX -HiBAR Rade avallable from
the ArXiv pre-pr rver An exanpl e
equati on 500 use:l%‘bbs{lfeph’ﬁ S&pﬁg@i}g% i cal expr essi on
recogni zer.). [ODZSWﬂﬁmiefIbn@kmpRoB@SS|ng, t he
training data is Rﬁ}’ eSS|ons, each a
wel | -fornmed synt Zﬁ@&ﬁ %tm These trees

provi de the opportunity to dlrectly |nduce t he

gr anmar ,

since productions of the grammar are directly

observable fromthe input trees (such a grammar is
[bs@n cal | edlile othéraforkanliatsmatival parsiifdt isnduessdmed that the

gr amrar

teRRiRRls dpge bffentSﬁ%m@%tm
of 'Eheb&{r 1H85

EEEHe

S are

Fm pak oFay

ar ac d| git

is shown in TABLE 2 bhelaow. Note that t.he
reaw%itbef% mieregetaiiny beelns.

BesS EEvEH bol
¥ aRifle fi08c SOkl symbo

tiype has dmhssrpmm\d gmannmmxca]l ruk:xthateksmdws theTiredtasiomion éhestebﬁmals-

t he
Iyrex

A R

EXP0E Sécidéﬁ%lér@iﬁ)fnade BoWE a bIREWF comhefioWcdhBHents. The cost

function associated with the EQUALS production must learn to assign low cost to

pairs of connected components 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, Y, and size, W, H of the box in

12



(Row - Item) (Item- Subltem) (ltem- Fracltem)

(I'tem- Rawitem) (Item- Supltem (Fracltem- "
wRewFoasoBt eml ) (Fracltem - > BAR Row) (Subl t ePCF/US2006/026140

Supltem Row ) (Subltem - Rawltem Row) (Supltem -

Ramﬁten1Rbmb [0030] Unl i ke other work on mat hematica

t hat the t I
A R e R
Pseg,% "CR .R.ﬁ%ggdﬂdtgepgf R iutch g diHThASA aha 1&5ek Bl %gﬁ@bf box
par v/ o the parsing process Every synbol type has an

ﬁggsggn?etnggeao @%mgk ?{[’% ;nup@ ), Ritlerd@e &t 'aﬁ@% EIQQTO 1,2} and the

produc For exanpl e

ﬁ%ﬁ% &ﬁ%e(aﬁ%hssaibtrg@on%tlpIM&P dﬁhs”ibﬁ Smitnﬂﬁﬁmt he
equa

sign” I's made up of a pair of connected

SOHROMENAShird B& of Gsdturbiinedsuprapeartes @ﬁtﬁd buintding bexes of the
QJALS production nust | earn_ to assi W Gost to

fsaminglsdnclpdndiadheteelonip S8 Hduden Ficap 8}8 f jyumum,-maximunn,
és%l‘é%[n‘r%%!e étax?%ﬂ §8Gatith, b SeBLRBF SR d SeiRehad: ?@dtl!xrl‘, evaluated

. rammar is created fromthe exanple LaTeX
ﬁdrbsssallangionllm*nﬁwii ures are selected automatically from

sl dr noncniopf Bt fr edeyBotay o PRl ollhgs vt

110 db8ahdY th e cPifAAE fd idhs DAY dhviduan g peanhcar €hese features
general |y applicable and useful for a w de range of

epesate on thestendesed gaeses of the teyams Hgthﬁ sseiosatln S frabe

Hfugt\feﬁfbnn@'o%%%ﬁat&%a@?é%és?@n&?? é ; Weﬁg%aasr% the

bgxesioal Zt 684 sainsolered Rid masibe Raterprdbéy Forasndezed im&ges 606
posi tion of the corners, X 1, Y, and size, WH of the
bed ak iyyag & the proiiuction scoriip preeestrage dlustatall. disu@bfpatures are

NN R ER A MR O
TRl RlcBSgR! tbatBRs pPorsedXViola and Jones are adopted (see, P. Viola and M.
Jones, “Rapid object detection using a boosted cascade of simple features,” in
Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition,
2001). They are computationally efficient and have proven effective for a wide range
of tasks. Each input image is represented by 121 single rectangle features sampled
uniformly in location and scale. A much larger set has been used for more difficult
image recognition tasks, but these have proven sufficient for these tasks.

[0033] Geometric normalization is a critical question when constructing image
classification functions. In this case, a reference frame is chosen which normalizes

the size and location 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

13



measurenent features: g(n (Ra),nmy(R b)) , where the a

and b are {0,1,2} and the function g can be addition,
wa@adwr0es987 on, nul tiplication, division, mnimuPCT/O82006/026140

maxi mum A third set of features neasure properties of

t he boundi ng boxes of the terrn nal s incl uded in the

regi ons. Thjs ..ncl udes he
i sapDer s IS et e docfhat S PR e B LB
[ERRAH CERBA ty [ﬁocafwc@l cﬁyaaxhbigﬁaetdnacr oss all region

termnals 032 Addlthﬂ&H% there are a large se
[6634& atter rDlrrmgdzjlﬁt’rltlg eYFrY paleniidl segipn anl sibaregion; 1§ Fe@degpas a

LAY e PEICRE pRES RO, T BRRERGGss VhRaE

1hecﬂmsriﬁia§e tensdaligg, rvegild ﬂSlVCl[y medaltGn gfeat deel of tarmputatioronlo

600 a mat hemati cal essi on 60
BarsPisgomprsehbe SOr B TECe e BRED INCEPEY Bndo g
Ped 1ﬁ L&D %ﬁa ute iR FectRABRATIRE 4tHRY 86l RothuRaddafonkldt,
to the production scoring process are illustrated.
Visual features are necessary when the termnals

ves nust be recogni zed based on appearance. The
rectangl e features proposed bZBV'oIa and

B83Pt ed ( skwo sess oL PAeHIMER VAT pETRIBICd %}g.tﬁ s deseribed
c f tHbh&Sin"

Ao el B IREe) B dS R parii s f aatnen

TABLBI3 twehaiv. Pﬁt ¢a@hm01ﬂei:<nfdcﬂrnmg daBoost)on depisipnggtemps is used. It

FOVRE Gyrd SPaplh P g SRRy Rl RLE oBR! et
hBPIIeS £ MleBhndn It FefURGERCHAS &@e@b@hﬁeatdmecoosmmteems a
uniformy in |ocation and scal e. A much |arger set has
Hieglp stugwovitieh isipremdissaciaed vith Asigelerfed¥ti t i on t asks,
but these have proven sufficient for these tasks.

[ 0033] Geonetric nornalization is a critical question
when constructing i mage cl assification functions. In

this case, osen, whi

normal i zes the%ﬁggq %&e Fo'{cmdtelfogrﬁad m%lgon e target is

forl RO to fill 80%.of the VISU [rg d etermnals
lesC %ng

of Rlo)artal‘ﬁ?léf% ‘”féﬁ@%irma ?eﬁo DALEEr ane cers
Thils b) oyl ded E‘t mRge, £ e i nput’ i mage
cont abJB' ngcél FlQ n@ll Qﬂan@@@ytfrb eallieétaetﬂtge posi tions of
Rl land R2 . SQabh®leseXadiPhie drhe BArks axeswmisrript, the
p05|t| on of s swenrdered cauppBonents will be toward the
botit omwiof Thenr ef deentiefr anihesd napinierhe term nal s
frgm the evrdate rivcuAei? BpighEendered in the reference
frame_of RO BGY Wltglltt%tarﬁnﬁtanc%’fﬂﬁlal &F° S8l e. This

i melge>bieBEEs *d8kurent "context” and can be used to

[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



performcertain types of |ocal disanbiguation. [0034]
During parsing every potential region and sub-region

WO goognewaed as a set of images. Wen there ar ePOEHDG2006/026140
regi ons, the inmage encodi ng process, which involves
[ rrage re-scaling, would naively result in great deal

ut at To avoid th| nEQ tation,.t

PREGETTec QSEDP B BSATS nF FERL Bt oIS ™ pbro5™ 4re of
ﬂl‘%ﬂﬁ&ldns ToR @foun@ RANBoHtSn heny %ﬁ@eé &f dalch beJdwcRbén. ae
scale wth no additional cost. Exanples [0035] Two

prscentage o tipesicasnnredugsion ipearrastliadentificd is nenell.f Bag lepasd

d b h . '
AR R R L e R Bl TR DRl RP
p‘a@dglctfdlﬁtﬁ adné@‘poiécewrthe o¢rrddd @;B@elsstthe pradeseorsi on stunps is
rovj de very si e, .

BBRSI exi 1 reo MOV foeumert feaBpimyio: 11 Dlsp SBloHGR ielbres
@uﬁ&@@&bémaﬁﬁ&ﬁn@@é& TABIG @QtAv‘thzge %bﬁ‘(ﬁ@s ﬁ@%belﬁgé]ﬁ&f&fnance

oosting selects a s’ngle stunp wh is in turn
asssscaillalre@umnh Weightrgl ayefagessigns vm@ulin the @smgd baedaa the
PEpodieR Rrtstrramaett)” bt B e gy 5k
530 |tl@§pétﬁirﬂ1@n€dﬁrf B8 tesPSt a@iodrttit far YrdnOper®RENA larger training

productl on i n the grammar 2 Coll ect all exanples
jot gne/ar Phanges indhe fepluaprsipeasentaben MRE improxe gapealizgiign. For both

R g #

8 o hap S RRIch 69 Bty dorfiths, Hilit Tl 33 40 Bfminale
f‘dkw N}@Ir@hfnstem B0 ¢chendsunphst ove ISTGHz Beptivke ﬁemh BGB p)f RAM.
[0036] Since the early rounds of training are |ikely

to encounter exanples which are not representative of
the final distribution, AdaBoost is run on schedul e of

i ncreasing conplexity. The first round of boosting

sel ects 2 weak cl askBLifeh Resufts@ndbe HWddand t hird

rounds sel ect 4 anpbcBmédt 86 Githie Extriispeski vel y.

Thereafter, 8 classifiers

F1 | Precision | Recall

Train:
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).
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(and hence 8 features) are selected in each round of
parsing. [0037] Evaluation of parsing results is
w@oweniosy of an art. Since no systemis perfeRCT/UB1006/626140
val uabl e to define a nmeasure that quantifies the
quality of a parse that isnostly correct. One schene
is to neasure the 'ff]gl?ﬁ!é:d@eglﬂtswn%;tﬁ.npa%c;lor each type
of production. The ground trut’h contalns many exanpl es
of each production. Fruesior Resaguitin T5k t | mes each
production is correctly ddeptified is—r - The
| earned granmar yields a pg}se PEcisieren Regsllt| exanpl e.
The percent ageTgadin:t | mes |t hese |producti ons cor|respond
to the correct—pasetsrthe—preetsion—10638}H The
UW i1 docunent da¥a8ied |i ndi udes 5 filesjsplit 80- 20
in three round¥eaf cross-validation {see, TABLE 4 -

4

Aver age denotfes ng\%@t\ég d6§4ftlfﬁ[gﬁb}yllbt SER sis al |

productions. Méig erage lassi'gns wel g in the
aver age based on the nunber of exanples encountered.).
Wil e performance on the training set is near perfect,
the performance on the test set is good but far from
perbect .  Aldsaingey oftthadydicR ad e imetiitis @rovdangesalysis friigework
feature representati on may inprove generalization, For
Hat ot eran do sighaisnconsly sranRRag recrniEg SampeReiipiarided o

. i . gt . _
bathenl PRty D E L5 bk e RN A3he g
Pabsss TABicEuging Relstabsss ofbraifivey ddiplesDAdwe retfiettiBnesscndr e

Extracti sk [0039], The equati dat abase. i ncl yde
T Clhe Fa s viang had her 8 Aol b TG PRRE o SoplicGfons:
paeheymil keadtu@ Rt aHE MalferlatidlickxProssibh @edo@hitioh S Iefhe first
shown in TABLE 5 bel ow). TABLE 5: Results On

spe-Hberinpue o therlgoedu e REedinm afilings va gk gagoang the output is

t i , .
Sy B 1 AR BB Ry 2
sEoRod ofdtthne &@ed gihZanesid vpahepdes anfl tiy dutpwds 6 eetofesdognized

The framework js ite eral, in that al] paraneters .
BfleRal rsgﬁnhaisapggﬁslsﬂ‘gsgwéi%m%w& t%f@@&i%ﬁ%@@ igput. While

fnk3indi fY1MAIRLERe ifBRnENERSLIMEIEESaRNE tIBREERInE Yndf
the franework has been denvnstrated by presenting two

pppihg pracesnare npeegsary toypraducstangcturate resagnitismi systeaind

t hemat i cal _.expression recognitign. In.,the firs
HEE" e “Phy SR SR HEMal GO 0’ BidiEeriteBbere
hieth@8010Bick fiert BRgSeamglchltateduh Beorddhce 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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the section, columm, and paragraph structure. In the
second case, the input is a collection of connected
W@ o9poe®st s on the page and the output is a sePCD1IS2006/026140
recogni zed mat hemati cal synbols and the LaTeX code
necessary to reproduce the input. Wiile the fina
differen ver ew nodi fications

FHENEER o ErtiOp PR RD S ithal A BB st dfa

¢l UDi @il 2616 it R nkIgG @F fel frogtadmyia bdiles h@PHd LorthBinkd 6W

t he exenmpl ary systens shown and descri bed above,
ﬁ*@tﬂ’ﬁ’@@él%&?@%ﬁd{lﬁ yeripgpingenceppf basmbedinentaccor dance

th
03] ence TR & PriSy instet ot dheuid ARESGEL LRl dhnen
Yioual ptrngiosemalykisdn mpdordanty with aaxppeahaf aroembddiment is shown
B B B S S OB Ty g
b BScURNERe d@m}ﬁtgsfarﬁfrﬁumtpaﬂsin@ptr&@s@ié thdiCaplid€ %o & inkd¥€nce of the

bl ocks, as some bl ocks may, "i n accordance with an
dorvorinhesal S@@@ure 106, endifgthe diowore rHlemMmatlcal parsing process
h ot.her bl ocks f

shown
GROBARACTLL ¥ Atk Ffhi Bl 08 oo S B bl el R SO A0 e ke

toeyniieuct eGLified i fidilthe megﬁﬁmﬁlaﬁcdmbhtfdﬁdt%l &%einfhchine
accordance with the enbodi nents. {‘0042 The
B

kaping Gredndudspubis nekiwstph ke conyeptienal akehine lessping jqchaigues
&&gﬂf‘?&rex%)ﬁ &Uﬁagle@rdn“%édif‘ethﬁéj{ges aRH fHE @S Program

one or nore conponents.
[0y al | y, Tpmug@rﬁl@ol;dneﬁle'r Ao ulikram wf amesthop8Mywfans,

bj.ect s datastruc ure that perform particul
fglfing o RPRnhsE Shfire fralisis it ulnsray dh RS pnett ofh
dibbdimkhtis dbpieteflu 'T‘Plé nfARIAI 09 sBkts t8b@ bR OB ARY AR P Sssociated
be conbined or distributed as deSired in vari ous

Wﬁg@afﬁﬁy@hstﬁmrh ef e dbounant Ho% . Tlﬁmalgl]l stractmief thre degufeniis
gleggﬁt?ﬁpt Qlffr T ﬂl ']ﬁﬁl%m fc %‘féx loE%ang%r ﬁ?(?[hpg a%uges 806

VI Ssua ure accor ect

a{dlmhe Iﬂb@(ﬂm rWaricSls SE)bti(\MaLl m'Eblﬁnh“@ﬁmel béQfilistdtd @gﬁ&ﬁt the
receiving an. input associated with a vjsual

glt% strFtaresrigc s dngAos nowllgrt%maehune pRATRngparse

e
BARERS mad BodeED B (tec R0l b S EREFYY ol gypehine
IEhming camfadilitaéd thp prsinggn prdsc ESgen@Hime 2 pledrtidEhe djmtt das then be

Aotk ke P BOFEE P B B Bl PEaP i a0 RyoffP i goation

BroBEsaNIaE Llaadifi€dRh prolesd daafutiliZe theBBit et s8eSMNhke L Amples
I nclude, but is not limted to, conventional machi ne

pleng with @hq BarHNY |semning forraisa fe of elesgiiers, The classification process

‘ %%ﬁ&%ét%lﬁ@ﬁﬁﬁtﬁy%@@oﬂ&ﬁgs l?e[l?\geént}?os \}éeand negative examples.

The identifying 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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[0044] Turning to FIG 8, another flow diagramof a

nmet hod 800 of facilitating docunent visual structure
wW@e@lpeios7 i n accordance with an aspect of an eP@DUBIR61026140

is depicted. The nmethod 800 starts 802 by receiving an

I nput associated with a visual structure of a docunent

. The visual structure.of the docunent is.then.

Wk cc ca b R it pREBona STy ohTa s faeh Various aspecs

- anthe @mbgliiphiats, PRt LaRISthS Bfloveng iReuskia if 1ned88% provide a

Various optional nechanisns can be utilized to augnent

brief. genetad (deseription gf & swiiablocommming sayigrinayt 96 in yaich the

T S e e B S8 BB AR MO Bocimens
bxarpke destrbéd aiwve émthei gegereheontext bf cdmapeet-éxecp@ablkiingructions
i order to genetate a chart, The chart can then be

Eb7 PR EF FTREETL he RS o IrCaL SIS gy demae ginaer, those

tinatd AltBe bR WA 8stobRize ek BRSnfiodAhdRNmBY A6 Be implnented in
classification process can utilize the subsequent set

e¢mbiapiierevite eBwppresram oredulsst Fendiallyrperdram mediles ingudo

AR BBl kR TR P R i

can n
padbt invisleraad pagpalar Westexadgih 8pes. Therdoster) thdsy skidled in the art
g}g}iperti,es allow classifiers to faciljtate_in

RRRIPSIG S Her g megbedsmayche REprdcsd Withsheregmputer
PR Sonfl Al Rhs Shilldid '5%514-151%0&96% RO QBB rer

pr ovi de € parsi rocess to Ifrtate in
kyséanms, ngniconpeets, panges emngpues, ias weltas perséndlasmputers, hand-

ture process can be provi.ded to, conpute se
i s Dot S s Al G SRS & B e ShRIE Emmuner
ERBI I &S aRighe Qilke Walh bZ ¥hicBMmABf opeeABER! dodth®M8at@kwith one or
i ntegral imges to enhance the parsing efficiency. An

MeEResseuded Agyipso ddwsdlledigtotaepacis ofitee prabedimgnisymay also be
B Al PR ISy R
adhabté procedsinpalel xt tHadtreilimgbetemighregcondningitsions petisk -

t he enbodi nents, FIG and the follow ng .
Bl U PURE: gt ﬁheﬁaé“&s P%t%ﬁ S5 _ eé‘tsdfl%)é\% PigeHesden stand-
HRAC EbRpOR. B a ishithuk DL din PR Wb IR OBIENhoSA0s nfly be

h the various aspects ‘of The enbodiments may be
laepled e loceldimditinittmotehmemonyottiragerdeyideave been descri bed

in the general context pf. conputer-executab
BT uct oS 'O Bl aBReRSh B icER, PRaBORGEER R o reter
t£ AdmHASPIeIaedd enifiely, @ithéreiBdvPars MGVt haticnNTherderé hed
in the art will recognize that the enbodi nents ma

a0fEwArB.SOftigee AEFRIBYAIF i SSRBIMTatios §XaRPIS: @?%@P%ﬁ’%éﬁ& ke, but
fEDrg)lﬂ lliﬁﬁted % %%r@éelsél ruann%%n%rgQ%%r?§ pifor&%sﬂfi,ean object, an

executable, a thread of execution, a program, and a computer. 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
18



routines, prograns, conponents, data structures, etc.,

that perform particul ar tasks and/or inplenent
w@a20ovioewsar abstract data types. Moreover, thoBET/US2006/026140

skilled in the art wll appreciate that the inventive

nmet hods may be practiced with other conputer system

conf.i gurations, .incl.udi si ngl e- processor. or. .

FPHF I SonSEs: AT, ISP e RO nlpronted as multi-

ﬁi@béﬁséﬁﬂéﬁnwﬁﬂﬁb@rtﬁan & P¥Btdss@ssiRaIaS A beRiRdHL&T 9, parallel.

and hel d conputing devices, m croprocessor-based

Ed9or  pr oghamistes Biscisomibe aediiseurplcypesaidus Fgucture
in'ciﬁﬁin'g%ﬁl%rgmgél W Ehegg%% me(ﬂfehva_%%ipﬁ L ous, g?de % 10¥f Bhs using

one o e dassocl at evi ces.
appett wripty dfvenesiodalrbes agchitegtuek soche REAVESAe Microchannel,

stri d conmputin nvi ronnent s re certai asks
i SR e & o B Sy B aR ey 6 el sk o memory

{HOKE D10 BAOHBA0R CQRRTHR LR ;IQRM)“)QQV\@I KasicHap@Y&Hput system
sonme, if not all, aspects of the enbodi nents may be

B Pdbcosrinnaihg basio meutinesrhat belp to transferdnéormatbin baween
SO | .
&QHFH& Hhit the'co ?gﬁg%z,%ﬁ%{sf}iﬂsr{ﬁg%ﬁgrﬁﬁ%@&o% ih m%% 0.

in [oca € “menor rage ‘devl ces.
@9s0sed i nThéit@nppgl d0ealldoanay inbRide sforeXaaptpaniend disk Slrive
intended to refer to a conputer-related entity, either

Pk avpasactiqdish AT H1atS, 61800 1504 iERRR OB Wallkitosoremppldle disk 920,

SRf IR al ALk &N BY ?.g.!, PorSXERHE 6B %f\?%ti@(@@éﬁ%(gM disk 924

conponent may be, but”rs not ITmte , a proce
onnthémuptionl mediz. otleslswd disk dpive Oé6,snagnetin dskjdeive 918mnd optical

xecut a a thr f execut i a program,.and a
SR AR s e to Pl RBR s 0m 45 b Rl fitace o2
4 HABhAE A8k diveahieecIId, @hd hMEptRAN ¥BVe HAHfRE 930, respectively.
conponent. In addition, a conponent may include one or

o drivagife orianan their Fopretd wWepnteetcadaimedio prowde gonvolatile
B SRR PR R AB R AN o achis, SR LR
coompeert 902N A lthoaplp tHeeles @pRion iofi cdbmputegread gvle ardii a’mﬁvu rdférs to
904, t 904, /St 908 .t hat

& Gaipi oGS ¥ S ouubTeapatneits ditaBhenia L | arpreied by those
SHBLEM tHE AR kAt oﬂlgr %Eﬁsﬁ {;/F RGBS Whith #0tdad@Aé by y&%mpu‘gr, such as

processing unit 90 be any commercially avarl able

wegnabigrepssetiesy flpshovemeryrcardsndigadi videmdiskh Beprovtlesairiviges, and

ni.t na e.nmlenented as nmulti processor f d
RS R T A ne R e R
hat aly ®ich n{ed4Bdy ddieais ¥6ipitePbgecABloBitriteoadtfor brforming the
several types of bus structure including a nenory bus

Betheenpl flecomedisInty , a peripheral bus, and a | ocal
R}dgﬂJSl N8 A number of program modules may be stored in the drives 916-922

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
19



any of a variety of conventional bus architectures

such as PCl, VESA, M croChannel, |ISA, and EISA to
wo2002/0a598E2W. The system nmenory 906 i ncl udes r eRCT/U81096/026140

menory (ROM) 910 and random access nenory (RAM 912. A

basi ¢ i nput/output syst em (BI 0S) 914, containing the

routine ansfe i nf or mat i .
IDERGE St Rehe ST e LS El. o RhEhLh B pke. These
At OHRE ifpuR B vitks, ard Sftdit @ﬁ]ﬁétwmtom/bﬂ)l:@ssu{gQQﬁ@MFhﬁ)ugh a serial

conputer 902 al so may_ include, for_ exa

ngrtdRtetfaes, 24 othat is aowﬁ@c}]@tth% systepk bur 0% bgglslay Be gonnet:f@d by
R bR Hnclifat b BBy ol ABUAD e B & ety St B USE).
Anrviohitoigd4600rentiei-tiREM i spkaydiR4iceris dideonmeptei ¢athersysiem. bus 908
The h di sk, d 91 k d 918 d
i St el 0 et b e BB
c%&%u{%y 082 By dndlh@Kotdéd gpéﬁph&hleddt@ﬁ@e%és @t BREABT dueh as

di sk drive interface and an optical drive
spenkersf pidrteB3e¥c. r espectivel y. The drives 916-922 and

ESAT, 255 913b B AR 5 ARYARLS b RS

non UCt

rﬁﬁﬁ@ﬁ&cﬁém&ﬁb@ﬁi&hﬁﬁ&@ logRar donheadBs tcebli‘e orf rﬁbretrhlﬁote computers
uter 902. Alt hou(gh t he descri ption of

9@8 b@ é«’rm?fé&eﬁl@u@r ARBMEY §paVerkeiatis a servar FRERRIE: & koutef, a
W ndde%rF Rdd@ a6 1$a1$'flﬁéihgest}ﬁan or all of the
appr ecl at ed b t

ose skilled’in t that o er
el gnpands ddscrieati lalamlve tditha pernpwarj%(liﬁ eltbyugh foopppoess of brevkty,

FRuBBae SoR B e P62 EATRlRgas FIg ¢ R oH LS Shagions
&chﬁédhﬁ FIGed chlinkRde 8XGUAPARS HetOREE ALANYISNNAd DWIERtrea
and further that any such nedia may contain

nebrki(BFANY 864t SUsharciwasking Ry Eemsnenss aigsOmERnDge ihaffices,

f
TRl Rk bR BT BRI ot e AU, 2 Pt
[0054] i ncl UW’helg used 10 pEIAN hetgroslisg envifdyenrfer manmbar ehe
CoRPUIs 356 S ae - bgEhe Tl rspp TGSy ek Aregsk it ise or
RAMteSE Ahen Q%rlﬁta'mwe%&mgerﬁ%@ﬁ@ iR offputer 902

operating systems. By way of exanple, thé appli catl on
tppiog tyaimslug8sia m@demr(ogr, mmmwn& %Blec@m ) 9@, ardecanected to

recogni.ti.on schene W t of an
o s Ao R §aTE Y HR ERett b e A iEhiat
doRfn@ifi®ioa8 oV dittRe TWYEN 088 utIehs O Intee0UTke MDD 970DKIEch
user input devices, such as a keyboard 940 and a
990 LA iftagabenqxégnal relative to the computér 902, is connected to the system bus
908 via the serial port interface 944, In a networked environment, 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 embodiments have been described with reference to acts

and symbolic representations of operations that are performed by a computer, such as
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{e.g., a nouse 942). Ot her input devices (not shown)
may i nclude a m crophone, ajoystick, a gane pad, a
w@ 200200398 di sh, a wirel ess renote, a scanner,PCF/US1986/026140
i ke. These and other input devices are often
connected to the processing unit 904 through a seria

t I 9 t hat led to th
BB sompher b Sl sy 160 BRHE b Rp b BT e gt and
apddtionk hed sobftitnes 2efIABR LM Heir@ cothpufire@EQAtd. SR RiRbe bus
(USB). A nonitor 946 or other type of display device

Arpregialerl Hahihe eeie@nt symhelicsllx reniessnied operaiips latﬁlude the
PALAE oy B3058 R 90 SRt P P o e
phichpheseah rauttngt trasfornesod eratdehionof thesiliedtrics 51gna1
Bt ine i fhafh BBt din bioa! rasfobplersaus it memory
g@tewaﬁ&@dlﬁ@ mers@@tréﬁﬁhemmel REH Gdive 998 RSy Aisks 1990, QO-

or _nore renodte conputers 960. The renote conputer 960
REM B4, andrrrete sanenty 9é2)sf@rtb<@¢bx:@nmﬁwe opothexyyies alteg the

?(ﬁxgéut&es;{lktg %Ellaﬁrascxgmrbt%% \{'\?Jets%gé) gf si f?gni? SThe memory

|nc hany 'or a

the sttamis vddre wich idhtaebifs @rd mmnmradtdreph}%ﬁlﬁl loghtibraubst Haos
purpq revit only a nenory storage, device 962

se
glipy Wiwré% RAgREHPSr OpLica RECRCESS CAITCHORABELP Grdata bits.
gscted i F‘Id: h1®is gnd?tﬁé} HIOK! df&gr‘alﬁ of Qggilll\lﬁ)ﬁrc%ﬂlﬂﬁ%hégﬁ\klronment

LAl 964 and a w de area network
he0witl whighembodomensn ta iateeact o imosypteat £000funthei itlestrates a

enterprijse-w de L0 ut er. i ntrane and. t

R Rt A ore i) 106 T b idtngan vt Biaware
B b RIRAY (e.d Ohread s b Rsseb, MR nPATRE HEFcRD2ThS system 1000 also
connected to the |ocal network 964 t hrough a network

jngludes %r@evrémoraa@rgf@éﬁ) 888. Thesarversad 0Ph can ghapube hardware and/or

W& E Séj 9?&@&% co%ngﬁtlﬁg ﬁp\g?%%sﬁ?xg gg%ﬂ?lg? %lél]tn}él.u)nication
Bét@peroa cliesit d:@ﬁﬁ]zﬂﬁt ectrva 1804 ﬂmm]ba i #iei forms of e dukrpacitet blepted
LAN, or haﬁ ot her nmeans for establishing

PoHAT R Eted DREVESHEWOLOR OARPBRECT RQEHTSess T yFiRmi0Re:
HRdePHem B Ricatitt £ EROKDD0R MSEnbe élﬁ%)l%gf&?gcﬁi?glgtate

relative to the conputer 902, is. connec
sysmurcgiens Oei8veen she ¢tiener i04L apdtite sermee(sy HGt. IPe. client(s)

R PR S s RS AR P 1 B abnigyea o

ﬁ&estlf@hﬁ@hdmlobmo mwmteﬁt(@ar(my SEhi0rBY ehethRMmies®) D6 ark t
Wil | be appreci ated that the network connecti ons shown

sRrBeEeE IpANgoy mATE S Bedatniaisés) (80§ that gary kegerpployed to store
Wird:51a888 docf to the server(s) 1004.

[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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establishing a comuni cations |ink between the

conputers 902 and 960 can be used when carrying out an
w@zpenosdsf an enbodi ment. [0055] | n accor dancerP@i/Uk20061626140

practices of persons skilled in the art of conputer

progranmm ng, the enbodi nents have been described with

reference to agts and ' resent ati ons
rurn e O{naFoS B0G IR Ao ERARG Plrethents, but one
aSdrimas ol irethe 90 Znayreccpiiieahatangiyt frth@Gdmbiteas and

ot herwi se indicated. Such acts and operations,  are .
ROFHALPRS Of 1be embadimegtspe BeisHe corpudiaelye thesybisgt mpter is
Widdae P aRpL&eiph R ah!é}%hoﬁ{,] ﬁaéﬂ?ﬁc%ﬁéﬁkdarﬁ%p%b&%&ﬁfau within
represented operations 1 nclude the manipulation by the
theapies ahdgropaiof the@dpafdedickims.i Eafthesingreatcsthe epreatidat the germ
data bits i.ch causes a, rresulti.ng transf.ormatjon or
BHHETT ShussR I Feiee ecor ied SRR o B Tty Seh &8t g
i deRtdbEnaNSiOe af a fahAerirhBarab tHEEEA Yod@S@in@NS “COmprising”
the nenory system (including the system nmenory 906,
vanigrmdeted hen employeppya Ha@k%or@twprcépmwgm, and

renote nenory 962) to thereby reconfigure or otherw se
alter the conputer system s operation, as well as

ot her processing of signals. The nmenory | ocations
where such data bits are maintai ned are physica

| ocati ons that have particular electrical, mgnetic,

or optical properties corresponding to the data bits.
[0056] FIG 10 is another block diagramof a sanple
conputi ng environnent 1000 with which enbodi nents can
interact. The system 1000 further illustrates a system
that includes one or nore client(s) 1002. The

client(s) 1002 can be hardware and/or software {e.qg.,

t hreads, processes, conputing devices). The system
1000 al so includes one or nore server(s) 1004. The
server(s) 1004 can al so be hardware and/or software
(e.g., threads, processes, conputing devices). One
possi bl e communi cati on between a client 1002 and a
server 1004 nay be in the formof a data packet

adapted to be transmtted between two or nore conputer
processes. The system 1000 i ncludes a conmuni cati on
framewor k 1008 that can be enployed to facilitate
comuni cations 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

enpl oyed 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
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information local to the server(s) 1004. [0057] It is
to be appreciated that the systens and/ or nethods of
wWao b®7e08981i ments can be utilized in recogniti oOPCT/US2006/026140
facilitating conputer conponents and non-conputer
rel ated conponents alike. Further, those skilled in
the art will recognize thaﬁ %§§F§ystens and/ or net hods
of the enbodi ments are enp 5 e in a vast array of
el ectronic rel ated technol ogi es, including, but not
WAt tedaintsd isonput ers, servers and/ or handhel d
el ectronic devices, and the |ike. [0058] What has been
descri bed above includes exanpl es of the enbodi nents.
It is,; of ¢o nog. . i to descri.he every
conceﬂVabI2&%%%§}%%€38%%§a%%h%%ﬁ§3’§°%Pnﬁ5%hodologies
for purpesdsg odmparat thhi regeit dseinanpadissried whhh vesel Sfucture
ordinary skill in the art may recogni ze that many
Ph? fpgfdAidnat i ons and pernutations of the

ebody Fehhatl PR (A RmAGROLALAGLY parl N HIRRACH

matter 1S I nten al' T such alt%erations,
hipdarthicatstroptsireamddal af thetviomns sttuvaire fodtHe deictinem to fieeilitate in

spirit.and scope, of the appended clains. Furthernore,
?%mFﬂguéﬁygﬁF”EHE?“PH term"includes"” is used in

either the detail ed description or the clains, such
termis intended to be inclusive in a manner sinl ar

to t hé t er rhegpyign of plagn 1 abe seampel ennmppnentsfurther comprising a
[ I t i fional din. a
PSR KGR L SO Lol
faathi the daduasent ettligng tocalmundinrgdsbas feagireq recei vi ng

conponent that receives an input associated with a
vi sual structure of a docunent; and a granmmar

conmpoRent  tiiaky &R LAYSim al thk 888iméd sﬁgﬁécfweoe?:trta%tion component

grammatical hierarchical structure no e visua
gtilizesteachinsflearhing diomgeresriringopdrsclehiniag eodsting, and/or fast features

r t.icall ar si the input. 2. The system of
gq%:gﬂﬁafe 1 W%yaﬁﬁ%%rﬁ?ﬁ:ﬁ%‘é%ﬁaéﬁf& FTHEHEr conprising a
document structure extraction conponent that extracts

a layout structure associated with the docunent o
utili2i ng T&eaystemaf elping |l obalcranemensosepongnt firtherpgmesining:

of clal g%s& Joﬁlﬁaoﬁ%lfﬁ@%}n %}J’sléﬂe%teon%)&a{sgi‘ﬁ%} R acilitate in
Conpongn GITIZes mach e I"earni ng, 1 hageé scoring,
deieseinirgaanniptign b paxsé from, a globdiceartlast f eat ures

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.

23



to facilitate in extracting the docunent | ayout
structure. 4. The systemof claim1, the granmar
w@ooepoe®st further conprising: a parsing conmpoPenuUS10n&026140
enpl oys at | east one classifier to facilitate in
determining an optiml parse froma gl obal search. 5.
The gystem of ¢l ai hg parsin ent.. I .
the & asenparied of afeim iy Be@PiAck SRR R ofibnatica
paFsaiFPRb i8R base@Dh, 4tUsHst inqrart, HdisdhRirgyist granahatidabinatd,
the classifier conprising a classifier trained via a
conventional nmachine | earning technique. 7. The system
of clgai m i | garni ' laBleRg i
at | dast (Thesutp RNl 1 BRaRRal SRR Pl in
patsdyaemid prokeinmibg to Hetegmiaentteroptiord parse tree farlthe gyictured
rammat i cal parsing process based on, at least in
1 O, a discrininative granmati cal nodel. 9. The
systemof claim1, the grammar conponent enploys, at
least in part, dynam c progranmm ng to determne the
opti 8l pdr methadder fagilitating reqognitony «anPrayRgit . 10. A
met hod. f i1 l; L1 ISk et
Fecerrenapat kst RhuRE MRAT I RRongRBRa bins; and,
of a agplgieniramandicalnplsimdproeesy taambtferende gfahes dongment visual
process to an inference of the docunent visua
SEPP ure. 11. The method of claim 10 further
conprising: enploying, at least in part, a gramatica
hi erarchi cal structure nodel of the visual structure
of tHé. dodiwentthodof daind 1Q furdet eoreprisiment i cal |y par si ng

t he docunent visual structure.. ut . .

e PRI ot it e feal TR WM 6 tre
WhRChhRe bl ¥R dcanB@ith ERLlitHe e bramkdatichlie paBingaHe dbcument
claim10 further conprising: parsing the input based

Wivabstyiclrp#iivEal cost function; the grammatical cost
function derived, at least in part, via a machine

| earning technique that facilitates in determ ning an
opti mal pariseméthodoficlgin b lthsgampintical 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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14. The nmethod of claim 13 further conpri sing:

representing at | east one parse as an inage; and
wa@e@riony3the i mage to facilitate the granmmati cBCT/T8EN6/026140

function in determning the optimal parse. 15. The

met hod of claim 14 further conprising: conputing

integral images of.at |east, one docunent.featur .

and) PO BRI R gL 1883 OF ZRG CBn ST URIeR} [<8 TG fngor computing

Bl 18452bhd YonsfellbtidrLO Bplut Al 6Sinte@rd] aghddstatilitate AR paisG the

the input. 16. The nethod of claim 13 further

a&wpri sing: utilizing AdaBoost to facilitate in

parsing the input. 17. A systemthat facilitates

recogni tion, conprising: neans for receiving an i nput

associléat edThs mistwdwifsisdh 1Stfotbdreomposing: docunent ; and

means for. enploying, .at. least i.n part, a granmati cal

model uglgzngg]gﬁg]%%?o @F{l’fﬂ%t’? U RATYRS ﬁ"r‘?én%(: unent to

facilitate in granmatically parsing the visua

structure input. 18. The systemof claim17 further

conpr iL1%i ngA systamsthaiolacibitates ragpaniiony feupiisiag:r uct ur e

input _utilizing. at |east. one. AN jned yi .
meni AEeuef Sy e Apb SRl R gy Rual GRSRES obh Bpdhunens
aed hod of claim 10 conprising at |east one sel ected
fromthe group consisting. of a conputer, a server,  and

a hangkardiosPaployae, at 1@@% i part, agrammatiead gndef %t%é yitam

Fs‘ﬁ[mt&)é !o@ gnetcﬂ)gl/ug%ﬁlt s %&fitafel it ggacniljm'ét@cailg (f)'a}s!ir{gat'hg Visﬂal structure

i nporting and/or exporting ment Vvisual® structures.
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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