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SYSTELvlI AND METHOD FOR SEARCHI NG ELECTRONI C DOCUMENTS CREATEO 9€THNZPTI CAL
CHARACTER._ RECOGNI TION Field of the Invention This invention relates to
met hods, WPF3rP%ds and conmputer products for 5 conputer datPSBASEYREA? ching
and, nore particularly, nethods, apparatus and conputer products for
searchi ng docunents created using optical character recognition techniques.
Background of the Invention Much of the information upon which business and
governnment rely is, and 10 has been, stored on paper. Wth the advent of
readily accessible wide area networks, high-speed optical scanpers, and
cheap mass storage, there has been an attenpt in recent years to nake paper
i nformati on machi ne-accessi bl e. Machi ne-accessi bl e infor j ny
advant ages over paper. Electronic data storage is far | Hg”“ﬁﬂwmmmm t han
filing cabinets in storage roons, especially 1 ~ once re I's"consi der ed.
Retrieval tinmes are neasured in seconds or tenths of secﬂmm han
m nut es, hours, or even days, particularly for informati mm’mmnmmm
archives. Information replication is trivial, and multiple p £ can
access a single docunment sinultaneously. Unfortunately, the task of
converting the mass of existing paper information into nmachi ne-accessible
formis daunting. 20 One nethod scans each docunent using an opti cal
scanner and autonmatically processes each docunent as it is scanned. An
optical scanner creates an electronic image of a docunent. Opti cal
character recognition (OCR) software processes the electronic i mage and
creates an electronic text file representing the docunment. "I ndexing"
software reads each text file and creates an index for all of the

document s. SYSTENMANBIVIEHBORF 03 SEARCREYGUSOE CIBEINIC DOCEYHENE Spr ogr am
can then use the RERTEDOWITEROP TICHIEH ARWIHER W @OGMITIPRE! f 1 ed word,

or conbi nati on of words. The prqgess of | ndexing and searching docunents is
, referred to as full-text indemw%/al. Ful | -text indexing and
retrieval has tvRisppWweRtion rélseetts: miethods, Bpﬁakafu@%@%&ﬁe;ﬁné Srofgked s

relatively inexpensiye), and . s based direct.l pon the actual contents of
e docurASER B0 GRECHAR, But SAF BYUrUAsY e thoHe! daBuabh: e
sensi ti vi t yjompdterc hprpéuam tfor t seardhingt devunehtsd egsatgn tigidahalpticAnicharactee! at ed
words, in ;seiﬁuahi ogesé vvhgre a user specifies the subject of a document but
not its exac grB P4 %‘.q or1d Wde Wb search engi nes use full-text

retrieval engines to search nBatkarpundéf theImleeton oni ¢ docunents. Search
engi nes soneti ' gjgdéy reated i ng
scanners and s?gﬁﬂv}/g%gmt%ﬁims&} ugﬁﬁs?%g{%&%g%%gﬁg?rﬁﬁgﬁegbﬁ?errors
in larlfe dbasdsaBesonsd@a Paperof Wik dbmedyeabelnseditysaccassitde yédepasammiwerkay

i ncl ude NMORighispaeH aptital ké@RedOAIRRD RAGk §16MRH theleAhsRREEE aftBmpeER Ch for
a docunent, "a user 15 nust sgﬁsélfg,a cog;(}l nat ron of words, perhaps three or
more, t hat TSERUYEASHR RIS PARSE (HOATALOH Basingrccsssibleast restrict the list of
search resul ts Muchineregsidl! iaf@hation hbs mapphévintales badrgRberd EledtRitic

i ncl udes eprors in thﬁ{ Ife%%%rds.usgﬁgf@hat heb.sgarch, tche search e:g ine wll
not | ocat cHARETIBELICR 1SRRG & EFORRIL Homss dPATe PerAbber
page. 1An esmoeptrt iotomsiddrecarRetrieval tinmaslate ineasurddeiitseconde ogtenthanf sgrpads case 20
"1™, msreprese i t : 0 . case " 1". (el One
sol ution tgatfeﬁe&tﬁﬁg%ﬂ@ﬁ% I §‘°g} .S" %zé_@e%s'g_!l Scﬁj.aglﬁyaazrizvy\ﬁ%reén&@ﬁﬁﬁ rtlla&i g _gaé%eed on

t he conceptrchivas. Wwfousatmrreplicatiog ietnvies aad endtiplaeaplalday asiess hainglo t he

true versi M@ﬁ] Or RAEy. tH r(ﬁ%" <is@hE
structural ?{’Q/blg’li.enr}wg?: _ﬁoeusﬁﬁrgl?&m@d'géhﬂegé%c ana‘éﬁﬂﬁ%%ﬂgq{qﬁégggggﬁﬁd’ by
del eti ng oheper éntfounatipadnioypachinairqcagsiblp forpy isdgunting. t he ot her. Fuzzy search

routi ngs count ihg rﬁaﬁéwycinpmmnmhpuﬁﬂ@&g@pmfsagaﬁ%h@atagtomgt:may- I f
rted. IS IS

few enough changes are required, a match is rep .

conput at i oH&CFVe%i@r@?W@%Bﬁaﬁ%ﬁééﬁcﬂ‘&F .ngﬁrhogtg;&féqqpng\/g;zgem ST d i n

t he dat abagfadeSof dbatirgésdl %;Q@Wl@dr@dert RcbALKEYOOR) doftward girsyesieseharhet her
there is a match. .Becauaf‘_ﬁ errorf Ireguent lfé produce " uFi %ue wortds," t he
dat abase 3BlCEEARIS; MA8H e CTFAICH - b £IeCIRREXCST 158 ITERTGRFILRE HIS SOEWRNave  nor e
than a m | Mindexiupi spfavar®radds taxhaexqfile end oreems hn kelgx (orail offvedocomeatst ast
server, such a search takes tine. In addition to the anount of tine it

t akes, fuzzy searching can result in a large volunme of "hits.” In a |large
dat abase, many searches return thousands of matches. "Internet"” is simlar
to "internet," but sois "intern," "undernet", and even ,



~ 1 DCT zb0 WD 99/50263 PCT/ US99/ 06699 -3 "international". A search for
"boat" mght match "coat," even though an OCR program‘s v@ryoemijgel y to
confuse a "b" for a "c." It is desirable to have a mechanismthat allows a
search en¥ih¥/30863accurately | ocate el ectr oni ¢ docunents t haRCHHSAY/ 0B8N
created using OCR software. Preferably,”™5 such a mechanismw || recognize
errors that are typically produced by OCR software and account for errors
havi ng the hi ghest probability of occurrence. Additionally, a preferable
mechanismw || mnimze the anobunt of processing that occurs when a search
i's requesteg s@éfcl@gfb%?e[m chtHaF d8g tﬁeoinﬂégféqgcétgﬁoédrH&tﬂhaP@o%tf‘c} REIpdlpe!mry
of the Invention I.n accordance_ wth this_ I nvention

conput er prRfde T $AURDIRRtATERISH9TYS. aT§§QFQ9HSSr%qu@%‘tm§ mdﬂfd@hlrlg(ﬂocmnpraﬂmte for,

characters @fé@reghgggﬁﬂp{exgﬁlab,ﬂgs ahd®@RlLl y interpreted during optical
character recog is provided, After an al phanuneric

search request Pémlr %éir\?]@ﬂmgtaﬁa rﬁ%’@%‘?}ﬁ?aé vrPopvsaful Assetst it on fullst atomatiss
var i ant swor(dsd amoaamayd umpénsm@ dnddebased dﬁ%@tﬂ}aﬂpﬂmhé scrﬁﬂ%ﬁtam%%frﬂ%quest

according t re ef| titutions, th
substituti ‘ﬁ’%‘lmg?‘ aaﬁmF yﬁ%?‘ gcfﬁjg i@yStﬁwa la%rlaﬁaﬁ ﬁ%’éfe’fthfeé‘é‘ﬁ‘éﬂtﬁ of
pr obabi | i t ywhith geonits ehmcb:ganm détdabamentsi that @@Rnscrahateddwcideumemmuom t hen
searched f t ect Syf he
ovent fon, (RS Kl LELIRARAE Syoit ] A RiaRel oA R AR BT SuBbnd s
that represWide (¥ ispareh mﬂétf&ﬁlléﬁ%ﬁ%ﬂ*teﬁibrfﬂﬂéhgl 9!ﬂ°1n¢$etcseeardh mréqmss@f A
‘cunul atjpve QAR ddcheh®r each word segnent is determned and, if the
currul ative probability for a word sgﬂglenent i s bel ow a predeterm ned

t hreshol d, the hs Bogtas Sqmetipgsetleld losaty dosumspts theyr kpvel beenceasitatance

with furt h&fsuﬁﬁﬁﬁﬁﬁ&s ghd OIOR §dTwedit | Dils idude t@&h@iék@{eﬁéer SMCludeRotsSerrdes & eat ed,
t uti on, nodes h node represents a

havi ng branch n s and subst
P B e A e b et A s e DSl RO Sali R 555
substituti ahamadmllmﬁpdmm andrzasmblien ﬁ@ssumtseatrct}t foera deumeftgaalar act er

di t . 1tut
oot b1 1am vhest sl PR RERE YO8 bt S, BHRG i Jihy "BEET PP
pr obabi | i t ydocomeat lstumsez, |0t at least restuiet the listaifeearnch echubly t30mandgeripk yizagIf he
babilit t f
eourrence t Brtefiil BiEEr dduunitns SR dhroRyin) BE IGHAUIAE JUEEUROSA I 0001
appr eci at eceaichrgnghe Vil é@to]ioﬁ@te §h¢n¢ﬁ?'§meftth@§33vl§ﬁgia§ﬁ Hiesvrraduce several and

i nproved nmeihnd pePPRR! Ak M SxaAnplc GITRLE @R cBoPHould BOK 1ML G 828K GhhdGaf
charqqt er recognition. The 3 ~

el ectrqni c documen duced sin tical
. inverdfionl géﬂﬁf?@?*h‘é ﬁﬁlﬁﬁ’é‘?‘yadflerg“éc{;%f’g’ef?f’éf Br{&Dni ssed during a search
due to ~ 10 C@nae&aumcﬁ&/ew&an-xéaPﬁEEtwswéma&&zmar@ﬁmg)rs?oayda&mthe

docunent s e orli ransl.ated into el e l.nventton
o0 T oauc do® eRbieth B ot ERRhE Sral s SrithB il Lns i iHGTbt

i ni m zi ng thhevardodar eaampleoCmssnety antdintermetienré oruworaly semilarhel hsefalst:h
request is Leee a\ﬁe:ge ffanaga Ifo t ﬁ%e&%gﬁ@b%@%l?\’iﬁg'o%@tle faﬂé TRk Ghedyi n this
nmnner are rare e Wor tura an uage of the

dat aba$é, tfhethnmb@xr E)fZZY aq:as@h rofyitings cquat gueecém&esmwé@u to Ei‘rlﬁnéP 0%%’@?4 ption
of the Drawnhpgandtier.f of e40iA8uds BR&IRs %F@ré’&%ﬁﬁédoﬁ rhitéh & tGRgaMt By aNt ages

of this invention wl| becone rere ciated as the sape becones
better undefRpHatignpll IOW%P%Y%[@EWSS 3H g i F%M}hge‘(f@f Aoy wewlo i 58§ on,
Wlhlen t aken dflakee8jis iedivianaliyl &d}n]biied wm«mnwatgtdddamwwhmef gere isFd GURE 1
illustrates so sic C onent s stem s |1;,

enbodyi ng t‘ﬁ‘écge fUSen iSRS I*ETC&‘J?@ nFosd[ efI Wuﬁl%(&r am &‘Flﬁéfoﬁefl ng a
pr oces30f or cgrsiaintthe Gulhrexo pider aif alldrge heohivet @n hrave agne thaara illR) unique
statisti cal l.e used for t t. I I 3 and 4
are flow dlg(ap%r}g °Pﬂpﬁf§tt95?‘ﬁhq§e9 W&?loé%ggg %ffggegévg%%ﬂéh ao%rc t%geggof OCR
scanned docurrenttnadd\tlmmhdammenwftthmt héalmeﬁslemsqamhmgtqaomesuhnmmg% is an
exanpl e _nodghi et afficin i 3tiaa gldagabageenﬁ&@%eawags RERARORAMS o ARgRRGINCE
with the present I nvention, : ationshi p di agram

i | | ustrat i ngingdraety ISatSII@lh%rthm ‘'optemehor PRt SOt rHﬁﬁ"’@ 1 "\é‘}@éfﬁﬂ %’@ar‘fc‘fﬁn of -
FIGURE 5 stored in the statistical table created as shown in Fl GURE 2.

Det ai | ed Description of the Preferred Enbodinent FIGURE | illustrates the
conponents of a text searching system 20 forned in 25 accordance with the
invention. Mire specifically, the text searching system 20 includes a
menory 22 with a prestored statistical table 23, a pre-processor 24 coupl ed
to the menory 22, a user interface device 26 for inputting search requests
to the pre-processor 24, a search engine 28 for receiving search requests
from pre-processor 24 and a dat abase 30 that i ncl udes pr estor ed docurrents

s o ”~ o o ~ —— e o o



0 1 OCT 2002 WO 99/50763 -5 PCT/ US99/ 06699 conputer 21. Howriver as _can be
readily appreciated by those of ordinary skill in the art, T 2002
pre-processor 24 and search engine 28 nay be renote from one anot her. TFor
exanpl e, WP¥s¥6¢essor 24 may be | ocat ed on a cli ent s hosPCEASPUIEP? and
the search ", engine 28 may be | ocat ed3at a server's conmput er system which
is connected to the S pre-processor 24 over a public or private data
network. In another alternate " configuration, the user interface device 26
may be connected to a client conputer that comunicates with the host
conput er 24, : onpu " a, a | ocal
area net m%ﬁ&%?ﬁ??bna %é?a&chnﬁ at ab?sf%mS%atca Vgrogtgr g{"% }[Lt%tﬁK\D Q%r%orrputer
21 or on aPKSHR i ErLy o ¢ SC@O'M'nﬁ?facat"es with the host 10 conputer 21

ei ther directlyjqs deyfiblBtoCive Ul REcHARHOMK: 2l Of séaQCrPé Oagem%{etyon of

. the searchj g em 2d0 t he stathgﬁbcal tagije 23 1S erate shown in
. FI GURE 2, LPF tﬁ%%%&mﬂb 9sHmERTSitagt UHng @&%’atqﬁ»&re(&q&rﬂél}»’ for
each chmr agichra mechaglRar will Rrogizd gora tisht @ﬁth@hwab@htédeoysoat{%@tmalré ty of
occurrence C{)e det exr m ned., Gener, a&%gr}% b ossi bl e "al rnafl ves 15
and their BPOBEBPRS Y eBPISRAYIRE B ShPrpad %blétryf rAFET e rr RN HY 2 | n
several wapmferkisle mechapke, wil minihdre dfe anoummitgo@esies i bhebyrs aviwar 4l
processi ng t. ocuments, are t hen scanned by a
scanner 32563&¥ lg% g§g§39 QH&QY T%gerp{oorgﬁruggnt lmerﬁgeaééﬁe%rﬁlanned docunent s
are then corrpared to the or| gl ﬁamm;mgdmamg created docunents. The
differgnoes andyd hebdraf bR inhy ifendBn 06 CHERS Csmarcsmp&%? r;rr%cprgﬁ foghe OCR

t echni ques used_ to generate he stati stical tab e are simlar to
the OCR t eBIRSPYings 2 Ussaisht i59ess dR QTAY Boeempensate; fvrd:hmetedsamabeacm bl ock

42, a tabl erings gepepeeitdrhrted digingdpsicall chaGbef ?éébgﬁtﬁor@(@CRPg@%hﬂﬁtJ'lQns of
char acters that ha ﬁ been et erm ned Ci’ Eroduce anﬁ(g hernahl Ve, to et her
osh Je d

with the 2B% Fofth BlPRRUEREIY Te8F ¥ESh ECTREF ¥ ¢ RSSRAYR of dhe
st ati sti calnveafidredeniified Vdriaat watdedtssdalalfdd&daEttfe 3edveli aﬁpmsﬁﬁnt Bedrehi t her

det ai | | Af t th t at t

20 s FoaciristpieEoite i e laabBreteliin (R Butinonin B PR ats "

docunent s sultsaheidng’ rpr@babﬁtﬁyabétoahasmcctsandgl peetfiredthieshitd of psobiabilinsbf at ed i n

01, OURE 2. Bl O afaRane Mok SBHERh dSuEBRET P YediRaRp R ooessOr
refera e searc request en ser in eractln

t he user |M@@¢ma@d-ﬂew ce 26, and then is passed to the preprocessor 24

Next, at block P2,adch@aRéee AP RBSOhspeétsA8E QR&M iAQSHIGA! | vARhntS SRN&N a\r@rds
associated with, the rg&uested seach according to h statisticgal bl e and

a predd er AFREBINGE AYaBelETRIpINGs WOEL SP9TRGTES that T lé‘ﬁ&“él %@t%@@tlﬁ%a i on
E r oc;elss l Sp3%l|0hls l;?lmd gdagsch tequést. GAREuMuatide ﬂmgtlsiglg)?goél al:a)cctrrrﬁrged d@gxmgdé 1ng oW.
inally, at 0C

Senrch englHETSSEL G NEdht oA TG AL B ORI A8t A1 HOrtk SRR ot B b
vari ant segredbtewnindd thréttold,ebaivos] ebnieheis sgestediasa eartdhewosent to the user
interface device 26 for use Hustrae rogess 70
of determ ning g‘éﬁ %%f? ﬁbvéﬂtﬁl1 M onglavol:s @ﬁgﬁﬁasnsngcli gtttg% dsalat ﬂmagrrgqgest ed
sear ch25 Thereptedc badng brapalh hodesand stibssitutinodeosies.h Eactabrendh médsdrepnasents 2 ee
structure. ;Bryiqr 3%&&168%%%' Mo AL R Hodbsitie! ehe gutragmvtera Ral

substituti 8n Wwor an _expl anati gn of he séatl stical %F RE 1)
i s provi dedePrEIeniIREPeEsible QSR sbsttusign £ethg IchRTACIE 8"{’1?%5??‘&,‘1&!“’ 15°) é’a?@t whi ch

i ncl udes datancRebi@i Thdgubsarutibe nsié dlsid acpztth Broh e rbbttty aqéafsbee fdrhcaerrors

during OCR rocessr n e n.Fl GJURE.6 tual odi nment

of thg i nv&AR %‘dsﬁfﬁ %‘t’ﬁslétw%)amtb g@g}’ ) ﬂ‘ﬁ’égmgobrnﬁ %gg})and a

; ggst |2 ggt | m(}ﬁg“%@ rﬂ@:prr]ob'ﬁlbsttjnroﬁbcdurteabd ﬁ)tZB@ncmdmb)attr[aszumu%zewﬁ(prokmfﬂrty es 204,
a ch. en r cter or character

conbi nat i off’ omeétc%fﬁrIlheegoc{%&r%gdggfe%p#b? tslglaérjlld character conbinati ons

t hat may nake upﬂsamldalbec:teadlm epprecigted lfmmghq)f@cg@sgdumﬁlab)y, the IOGRtipRogr am

34 (FLGRE ploviged B A LA hfoved MRS N5Bak k! %&Mttﬁa énr%gﬁﬁsf%mword

characters Faf acter cOnmbinat i ons rogra erceive
to be a si ngirehiogaf slscenia dorHECHEROgHEElesseRptica) @F@% r%Fé’SF’é‘P% REy a

smal | Ey "b%véht ohNe&R & Md hGiberi dT dcd@Ents Qhdtl dréi $liss8 QukiRg a¥eReRIRe 10

(FI GURE 4) of eternlnlng variant substitution words. An actual statistical
tabl e 23 includes many nore entries and, in 20 particular, at |east one
entry corresponding to every letter of the al phabet. Preferably, the
entries 204, 206, 208, 210 in the branch table are organized in a structure
that permits fast |ook-up, such as a hash table. Hash tables are well known
to those skilled in the art of conputer programmng, and are di scussed
hereln onIy as necessary to descrlbe t he |nvent|on 25 Each branch table

NN S NN NA PN o o o . o 1. 2 " 42 a0=



30 branch tabl e entry 204 represents the single letter "G'. The "G' branch
table entry 204 corresponds to, and points to, the SUbSt't”fgthe entry
212. The substitution table entry 212 includes three vari amt ries 220,
222, and 2MD9938%63vari ant entry 220 contains the letter "G pomdUsvepsé@sent s
t he |nforrrat|on that an OCR program 34 (-t GURE 1 ) may interpret the letter
"G' to be a"G'. In this situation, 35 the interpretation is the correct
interpretation. The variant entry 220 depicted in 0 1 OCT 2002 WO

99/ 50763 PCT/ US99/ 06699 FI GURE 6 includes a probability value 226 (. 95)

indicating t % |I|t flnerr tin

t he Iette? (?Sek %%S%Qﬁ‘ﬁg& nex?l %v%?;%al @ t%r/‘olfgg rr‘?g“’atto 1 d g
probabi | ity inu¢niion22i8o ofeduges. th?hamounfdlufatws teqaired her perfcsma a3%apatotbgbi ity
that the mﬁn fi’omtléd' uL(Ig{t df?r@éegglﬁ%ttﬁ%t & e?t?&ﬁed gfter tli_’le hae.rcﬁ gcﬁ.{,] ! ti’ét I on

table entry 21 so |n vari.a nt desi nat| ng and a
probabi lity r\‘?‘éﬁ‘l{@ 2Binaly, begpus Fsvaélﬂlt“r‘g}’otdép‘toég‘éwtt@ inh@is meorersre oarelyhat
there i s5a leffripfa@dabidsiih Yhe diddral 1aBgfdsR o EiR0aABadd thd hlmbEr 98 fdidae hedyafsact er
"G' or inter k |t1 t be no characfer. Al though the substitution table
entry 212 de%f“%tyerd ni FI GURE 6 contains only three variant entries 220,

222, 224, an actual substitut unfﬂ)@sdr@bb&oéﬁtedkawmg@espond| ng to the branch

tabl e 204 repres (o) re.entr
probability val uggﬁél Lé %Sgé&gr&ed %io h% 4&1 é}%ﬁg&’% 8ys Qgﬁfelgve‘ﬁt?tn are
used to si npWilk heqome mdrm@adalylapmectmd:ses stka sztrmj becomdsebedtet underGR iyl |

recogni 3@ t %t’eré’dcfeftsrtﬁ{Foldehé Q%F@d ﬁcﬁﬂg&% Agndll {afcgt{ %Eon%tt%ﬁmgﬂa&%es and

types of docunents ent feren es’in e 23.
Preferably, AeRPAyIBE HEMIRgs Wbﬁetnabl e entry contains variant entries

correspondi ng to mtmtmamest%mmasﬁe BSRpsHRhis Y M RerdsyRERIE GbIY ned
t hreshol d val ue. H&H%gj m ze the size of the table, each sugstl tution table

entry may be®AESH eIBRIERt VRt ry corresponding to a substitution
havi ng a probabi | FIGURBQvis aaﬂmdt@trﬁﬁmlmdmhgrae;&bcﬂsd foragdherating @ opaicall y

h | th it ts fr t 20
mch |55 gL LRl BRSO AL, VanR Bl BB Ao 20
representing t he FIEIWRES 3| andcrare fpwndisgtams lallustrapmgmt prdcess fohseascitisg iat ut i on
table entry glfhasd Qg@gﬁ%ﬁnﬂeﬁ%bﬁﬂeﬁ@%% Ante QG tﬁ%g Q'H'inv\éﬁﬁdxfmt entries

232, 234, 23 and representln 0SS! bl'e subst ons (el),

"1" (one), and noﬁI&UREs‘Spé@mewnyereéélhdlégratnhlélustaannamremceemg peforngd, 234,
236, and 238@5@%&%&0&}{gﬁmgﬁmgvﬁﬁggaﬂd ity values 240, 242, 244, and
246. The branch tﬁﬁl-a Rﬁ% ¥ 208 d{s t he .char acter, conbi natijon

An OCR ptogr am 34 '; é pPetrel%ttl iagrag, H{IWSIEaHpg n ther TBIABASEIR, 9th
manner havi ngfamnsitiahifsdrcthé enamphbselarcmyobﬂ@URErSr stoel inFthe am&mibdlletabms

depicted in ?:tgatgd%@%t@} ﬁ%d%}?? ch tabl e entry 208 corresponds to, and

|ont

points to, € su € entry 216 contalnlng possi bl e
interpretations of the clhafns 0 Pine ft hadidwept ct ed i n FI GURE 6,
the substitution F@Eﬁﬂﬁtﬁ%&éﬁh@@&hﬁbﬁ&tédﬁt\éﬁ{ de gr&g&bﬁszozfﬂﬁn@d“ﬁ 250,
representing the substitutions none, _ For | t1ve purposes, the
probabi 133 y #&pidegcoithathe mysntésy r Sdpisn shastficaby+ e tseat isegrehing sxsiem2ds 248,
and 250 are jnjcfadesth fiseryr22S Ret bVEleYtoreln Qtatibtisal ithilk PON at ﬁﬁl-]ﬁ'o@e@&drﬁﬁl6

p ~ pCT 2002 WO 99/5 763% 99/ 06 9 % g ﬁl so, i ncl ud ahvarlant entry
repr esent i ngSOPHEL0; thE BednsK 2113, p5eh FteacedqVIce 2 rc‘éEPFWQgtS??a? feqBesER
program nay thet erqepmt:estsbe%;har seardr enginei28atfooreldiviiig t sealvh tréyestor front
character co " f i var S ng
this entry d Ié} g%‘lts 2t4 Igrnd agr_r'eaggéggtec g 'tl{l{? ﬁ? ]hﬁfs %réS?Qgéd fug)%{ugghtmb gtl H%’Ivm ng
the ,5 ncsﬁatdtbdéaymmh@@gr@e ﬂﬂes"lfk@rﬁcrstngl 3Qmay alsarioclud¢ a sqane¢re3rzo wdiich he
entry for "I bhiidallylsQensSatRadehtd! thPaﬁ 3pti&l %ﬂ&r%&'tenge@ogxﬁtl@ﬁ ?@@R Ptdbram 34,

el i m nat ed, unI ess stati.sti cal rences frqom the” probabi]ities predicted
by the val ue¥hjchrprogessesimagespro #ﬁ@ theyspanngr Jgdo Péftdt“C? wxbﬁlﬁééor Ipgertiqn
remai ns, thezrtets aﬁeMambd@e 30t rtﬁteftéwaéwbeds gtlogds GRF inpdy’ demét ctusturaeréede
the branch ng ei)@en s for "1" (l}rj g Ocessi @?ﬁsearc %ueg{h
The br anch ¢ ABYOABHEI4S BESSS o7 e is8 BER AT & SRy SEFR BT Rprngs Thg
poi nts t36 a shibskamhple| de prlirecessdri2g &hﬁSSeaiI'dheertgmtrsZ& et located abthen erttasy 218
has entries corresponding to the OCR substitutions "S", "5", and none. The
substitution table entries nay be optim zed to exclude the variant entries
224, 250, and 262, corresponding to no character. Instead, the OCR 15
program 34 may contain code that has "know edge" of a null substitution
corresponding to each branch table entry. A fixed probability value may be

used to correspond to the null substitution in such an optim zation. FlGURE
5 |IIustrates an exerrpl ary deC|5|on tree 110 that |s created by the
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a ~ ocr Zooz WO 99/50763 PCT/ US99/06699 -9 branch nodes, ﬂfaﬂgijeﬁﬁ | evel
of substitution nodes. The decision tree 110 contains as m kvel s
as necessa“&bto conpl ete the process 70 of determ ning variant substitution
wor ds. TheWQ¥50dde 120 is consi dered tao be at |evel zero 8FT{U$ERHSES si on
tree 110. 5 The branch nodes, which exi at each branch node | evel,
represent characters or character conbi nations that are input into the OCR
program 34 (FIGURE 1 ) as inages. Each branch node corresponds to a branch
table entry 204, 206, 208, or 210 in the branch table 200 (FIGURE 6). The

z E gf ta 1:% gt isoreoﬂ@gﬁg : (13 \é\'?ﬂg?»}é(\:lﬁxhsﬁanﬁe Rkl @9?%%&469 me%&ﬁgcghag%knwn%ﬂé esent
program 34 A& DeRIgRIqeeser 9?%4]%@% ‘Wéi’t ﬁ@é%&dl froun B?eaﬁ'@hh%od@f Each
substituti orexmdle pmrprreeqasmds xﬁﬁy e \oatiteddh aecﬂtths hébt thapstebaid thelseqbnh t abl e
. 202. Each child node, corre%qr}on s to,a, variant ﬁntrxer n the

aubsti tut o E35R8 Bt Py AL Vs PRFTR NS Kbtk o heRyciead
cor r espofids proptdeessbr 2hadvenad @ublis ﬁoprtmtarﬂﬂte neavorkhe Ifi dmvthedr slteeimtaode

-l evel 112, nodes branch
node 122, atr?gﬁgéﬁg% ﬂ@ﬁtsygté}%gﬁ&%e 26;%%6 eﬁd%g ﬁ% comﬁdt%r Hat SI NG
br anch node copBUNiGAIsSR I thenpst BempwsH2 1 eﬁaraé@r@pgter getworigistch asp wide and

"SING', res ra@@at hetRbik orTdidtal A€k GRivRTK! tradmtahau@(?ﬁiemawa?é@o?ﬁawsdeeeﬁgn' ze
any one of t e charact 21 conbi nati ons as rst character of 20

the word "SIt °St&~,° ¥ 9h 2FeRYRE @m?‘ﬁﬁr ﬁ%&ﬁ%%&é@ﬂ%% host ee
child ngdes coﬂputesﬁleubatdthMy mmdeoﬂ:@ﬁteraem&rk.(tr ve) substitution node
132, a nu itution S St 1 on. no r.esent
the i ﬁ?or mation t hatrtt? Rréjpfiﬁ?egér%gogr ﬁtﬁ% qﬂ/ g%?%%? pratistiga ‘F‘h‘egg RG' to
be an "S", gehératedor As eshmwymcine FIGPRE 2specblovkely, pasndals ddGRgdodueed urt her
detail bel OWitelfAGvesS( f 5’%%[‘ teHéH Qﬁﬁxmgtem}@ggaﬁagr s?m.ﬁ(indvgz)ch atlllﬁﬁtah(/éjg' on

node 132, and e nu bstitution nod are en f
subst i t ut i orprebability eftocqurpenge @re dayrImiBgd. c Gepersiiemailist of possivie dteamasives abl e

entry 219 Irantmﬁe@f)@ba&tlt,catocta@éree%&»n bggéﬂorﬁfedté&?e%@rﬁﬁl'l}l HideOftangas 130,
132, 134 at the fll’&: su S“é?:ﬁléi?on node 13 has zero or nore child

br anch nodesForI%é‘Hlp 2 05y CHHERIS 2ePets %Veémdmfa??éﬁn&édféem@wfél 114
repr esent]I S btﬁnﬁxtwnexrha:bmrta@ H&unﬁﬁnt?mﬁhhaﬁidaﬁﬂed)ﬁy e Redraet ¥ snd ﬁt@'&eﬁs&i by
percei ved by t ter _processin e previaqus,character or,
char act er c&?ﬁ?ﬁ%ﬁ?ﬂg‘“%g&%%?ﬁ‘éﬂﬂ? Joditiaen %%Fgﬁ‘@fm@?regﬁ F‘ﬁét“&tnt‘
conbi nat i on werdr pcesiangt ecawd ddvamgntsndpEree differebes cindt theirnpueblbilifyc lvf node.

Ir: g|ror 2§enp2d C%ma%e%%rgg%éfn\@ %@6%&‘%&%@ ? gg@ggt@%l Qﬁﬁ%ﬁéﬁﬁ%r anch"

node 122, arfi€ mmf@rrlbtyetlmrigr tondie"QERttgchiques diseth ¢ grtee the dgcumgnls delgrib8ent ed
by the "S" sippgftd ution node 130, the next character or character
conbi nation to be gr s.either resent ed

oce 1" "IN, or, "ING', as re
by the "1" branchhRlaex ?tg\“f‘ ta’i’lﬁés gqnﬁfateéiréﬁ%ﬁcwgrﬁ%alfgéfacaeﬁﬂa‘tﬁ@mql 9M8r anch
Bodeh138 ; bd'f dt-@&ph ec:tj thv?hayve Heenide@emined ad tpesdupe ranag&ina@vetB o ethist “ﬁ&hpuhesent ed
the "\$' branc ode t n A St , "B as-
Yot oo TR prepRfs of LERRIGELN 4 MtcteBed: faliell o2t o
char act er caﬁﬁbstrmcd mﬁlﬁiﬁtﬁémdbwﬂsmlmhmdﬁgmbmm is "l", or
"ING', as represep rancﬁﬁt‘fk@icall tabRIANENg ét&gﬁedl@archﬂ)% Q}@ﬁrﬂ% lrlsbf'&%ﬁfhom)de

142, and t he " 1NG' node é resgﬁ LI vel ranch
nodes 140, 1performpffigient sepechey of 2 databasefid ﬁrlaﬂeﬁeSrrtm@eqts eptereflgto hed 13

8, respecti V@dtﬂbas@ usigg GOR hechbiguienf AbrtﬂmﬁtdaoﬂeHGlﬁ{E §S&rﬁloékhﬂ) Ae¢hrch
character, or character, dogrbl nat 1 ons ?% gl g‘ CI:IE? ram 34 after
processitig tHAUTHE KEFKT %lﬂﬁ%ﬁ’f%ﬁ Efit'ad Y binetshgc at 8ME"Hr anch
node 122. 15by betséruhaltacttug wath the des mﬂe;fhdmedeamaﬂ&j aﬁdrti&hgt pﬁs)s&r:]mtormd@ré EVﬁ|
11 ~ represent S t I rent bran t he
second Branc?lmﬁ%‘(%és#‘gv3\I x%’lit bi‘:)g%ﬁe ?h % ﬁée-érjégés{s?r{)%t ﬁgﬁnﬂlggsegaﬁl%q érargbed by
| ooki ng up i werdsaaseowtiated avithhtha gdguestedtssarchragnerdingoidetht estatistical 4abile andha
branch tabI ept%ggteﬁ{qpt:@ﬁrg’da%mtfto'fctﬁl:uﬁ'ﬁt%th?egholés THib 'ﬁ%fe grgﬁlod rdekURE 6.

For exa ion nod stitution

node | 4 5 t hidlustrated i BAYRE dipadidesaribedl impigee detgl b%tﬁ‘d’ ch@“ﬁu#tlbl%‘:th’ﬁt F}teutl on
node 150 representing the possible substitutions "I", (el), " (one),
and none, respectively, are child nodes of the "I" branch node 134. These

substitution nodes correspond to the substitution table entry 214, which is
depicted in FIGURE 6 as corresponding to the branch table entry 206. 25
Each substitution node has a correspondi ng probability val ue that
represents the probability of perform ng the correspondi ng substitution,
and al | of the substrtutrons represented by the substrtutron node' s
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- PCTNS99/ 06699 substitution node 130, which is .98. The cunul ative
probability for the "I" substitution node 146 is therefore .93 KOC98ZW
.9016. Simlarly, the cunulative probability correspondi ng to the " ?el)

substituti 8O A¥WE6348 is .02 x .98, or .0l 96. As discussed amswswqqéw

decision tree 110 deprcted in FIGURE 5 i& 5 exenplary, for illustrative
purposes. In the actual practice of the invention, sonme of ' the nodes
depicted in FIGURE 5 nay not be created, or there may be additional nodes
created. In the preferable enbodi nent of the invention, nodes are only

created in ts@@rcﬁ 'éﬁ@hb bEtkLLthes rtﬁﬁeddtaﬁlage 9 8P drifgRE ke &el?éq"mljre%a\g?lan eh

m from
the root node represe@és a cunul at i ve subsftitution having a g: ility
above a desﬂ@?fé? e@ q oesply QHBF%PI?JT%‘BaB‘M fany 10 etusemintegfacndgvi MUS@he
process 70 qfiewigger m ning variant substitution words associated with a

requested sear ch di scuss in co tion wth the exenpla
deci sion tree 11(# Iﬁl‘ﬂg@lﬁ ilystgtes ﬁ‘%ﬂf@ﬂi&% Oga‘aeffﬂ’@“lﬂoYaF'é@rﬁé‘hﬁithOfeWQFﬁé?I ary
statistifal assdeiamedWithl 4 rspuesied deareh. FTRURrodess TOdufld©gass of Aodds thet are
det er mi ni ng
hhaie

ti rds inc es cre of a .decision .
tree, such as %Wée |sr§%ﬁwr eg“im@ Cgﬁcuﬁf‘l% BIOCEyr n?;fn‘{quémb‘F‘B%é@E‘% t he
pr e- pr ocesssubiutien woedsnan ekplanatibmof thefstatistica tablé BI(FISURE ¢Y &, pro®ided! ock
71, the preoRRessot) Attt { o8 S9! s A%l 20pAN SEhRR! g IRRL dppde o

be the current node. e- processor Ccr branch
20 nodes of Reﬁémtftﬁrtroéh% Stgms@eh nrebqb@lmtymfaeemﬁeem@@usse@%weessmgch child

OOR pr ogram 24 Vhen el BREURIES 36 e “‘92‘ it RN SR
o P E o st ayle3 tmadhey lganchriablaA b asiaa et Thee

br anch nodesbré:f&:ﬂ tabP42001 26ntaianch ketB of repiieasxddl i20g, i208Utan€ @:OaQia@Hi entry -
recogni tions o respective step

a determ natre%rﬁsenginﬁgcfiar&btemr %‘i’ﬁ’&‘? cgpguqagog (?;lﬁ\e %?rf&‘ﬂref%’aéﬁ%ﬁac@ﬁe
current nodentlivharaktes cnmbinadens that inay pmakeess enl eleThenitiimage beéing pridessesit ep i s
[eachodi3" ! aly &1 Gk AaARMANFOORE DY A palRlfer et ML B0 RBrEAIeS

have been pr cessed ans

proceeds to chaagterssor szttar@teé;sombmatlﬁ@s thot H@@CBrmpmsssdemarptncavmta%em node

I's set to beslﬂgr@cwaamurﬂ@ct@clzlﬁﬂoéebﬁn%xem?URn% Qé‘;ﬁéé'oﬁ 4 4RAl Hmnﬁér%%RE >,
the first trgesste or ned

EP ebrz&z@@? IS set to be the
current nodé! &tenérﬂeépl%‘éf ergtodHpstrath W&tﬁr‘éﬁ?s? %E"'M%@%@?m{“ﬁér‘@“é% st
ané S ubst it éﬁxbanﬁuéﬁr%rdsawea ﬁmﬁalssetnstieﬂ Ratey aBnulftﬁ*@Hefs QﬁanS'hﬁ‘or@ léhfrﬁ:@tanbr mnch
node. s determ nation includes ni.n entry. utlon
Loble 203" e R RaPRE S Ol AR B Yy ETeRt Aster At JEREP

FI GURE 6, t hbe sobesi204t 2@ 2080210 ih GeTbraddntabie %Icﬁ@irﬁﬂ:d ih2 stREcTitre3881 06699
tabl e ent ry t i t

char act or  * SFEISRAR0O0F IR JNPRRUPOGIR,, BRLE I broTbdl BRS HGse
subst it uti orskiligsl &n ahg eyt of soméa@h mgr@r’@@mar a@dntarerduscpessd Jdsgeinogly 362 i s
a potential [JeEssNSideldibe @k inVéiRiohi rst tine the step 80 is perforned, none
of the bstituti have been ex step a 5 substi tutl on
is retrigved for ]g‘ffi‘ “ﬁ‘eﬁ?leﬁ&%%wﬁoi&e@%@?@}h?Sn%PPinFeétto giseEesRRdiigep 82
i sbloer f2 ig rreoAlsub‘sﬂitensmbeblet BiityoD1 2, S214,S21 &t Ql%vmdlt}fer @ﬁ?gnhmoaumﬂd 2081 o? %g? ry
tabl e t e t obabi.lity fo retrree
substitutiorry atltgé?rgd?qg? §Bpry ‘?ﬁ?gﬂcﬁalicl:ﬁ g{? nFaénsnﬁc?gt 8€/ Oﬁf The
probabi | i ty seafesentingra pegsibhdORE mrtﬁrpw&t@ubéttm glnarmerbgpmblmtmmrasanm
probability fpfel cla?reﬁ&fnﬁmg bkhcRURSE 'eﬁllr')tf | par ﬁgﬂ%l@fas fd@ﬁcrﬁ&“ir{ PI@URE?;%E node

| 22. At _t his "pol nt rocess, are e root no

whi ch ha8 a ®anch arhlwngraeébqeprersn%fthq stnglerdettess Gi'e, Thse"€Urhsangh
probabi lity éfry 102e c@ﬁ&p@ﬁ@ﬁ‘td t ad @Bines t5,Sthel sulBituio. Qble er&By 21& arrrset ep

86, a determnpatian is t he cal cul at e 1
probability 7"2’5%%‘893 t‘ablf)rzéﬂ'eri? r’ﬁ‘ﬁ%@est eEs Y51t epiries ﬂ%&ﬂu \l,g OThe
probabi ity vaiaabemey 22(ptersihe thi leest "G?rseﬁheblésemmhe 1ﬁfonﬁatﬁinetha18éh O&Rnew

substitution_node L3 corres ihe etrr ve ub i on.
For exanpl e, PROgE™ & (Em}%‘ﬁﬁ&ﬁa& e%%ggkgeﬁg C? ta? ‘%e @He?%m%‘fat[\?tg
probabi 135ty thal intdrpretadioatis she goBeEct i igtegpretatidn. rThehaarist eatrp2L0 tdepicted frode
130. The newy created node is.then set to be the current node. 20 Fl ow
control then proceeds back to the step 72, where new child branch nodes of
the current node are created. In the exenplary decision tree 110 of FI GURE
5 the branch nodes 135, 136, and 138, representing the possible next
character recognitions of "I", "1IN', and "INGC ", respectively, are created.
The series of steps discussed above are perforned repeatedly to create new
25 branch nodes and substrtutron nodes and to descend the decrsron tree
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substitution node 130, the "I" substitution node 146, the "N' substitution
node 154, 5 and the "G' substitution node 158 conbine to repr831eﬂ€Tt2&02
search word "SING', which is an accurate interpretation of the input inmage
in the pre¥hy/¥@nple. At a step 100, the parent branch no®€TAfSIP/MES
current substitution node is set to be tHe current node. In the present
exanple, the "G' branch node 156 is set to be the current node. Flow
control then proceeds to the step 80 to exam ne additional 10 substi tuti ons
for the current node. The process then continues, as discussed above,
create addi tgeRadE le |on
S 0 deplflct R I%gﬁ’c?ﬁ%e%e ?r%bﬂﬁ?%bueﬁgg Ry 1ﬁdtf'<§mﬂ€tha£ﬁ1 Q?'ﬂpég\%érfxlﬁg

sear ch wor d RSt IRyowrebrbiliy o Gmt?‘BTeJ(chsthsﬁt%rutG ofs Bode". 16."¢xe|13;xf dariant
Therefore, aerﬁ@cmctomldsch %amafa pwusabﬂm? xraqw%zfsedﬁ 67 ’Pms Hﬁtﬁcaﬁé&ﬁﬁ&ﬂ thelel ON

. nodes 130, 146, C/l b P 111 %1{ spe Ia "SIN6". At the step 86, if
‘the cal cul at’$& 3¢ RpPAR A BE Prograng 33 yillintsraset 4 Ei’é‘ﬁét &r-mi ned

threshol d, flow priecabsiitution tabid emrydDl2 sibeirhides aparigiitenatilet idedighingnode

.of th | he. |

Geci ot on 1 1 edost ERCpRSELTRE 23t Bl IRl HohreRRE o, iotmioR AT
current 20 ribeks, is ankde tpnebabilitylthati the QER ptbtaim 34 ik mxkﬂeth@@hautﬂ:sf Gt uari on
null is examn[k?ﬁret itrl'o EJ‘: Q&%ﬁaxﬁctef“ Rmﬂﬁgmﬂkgédbstﬁﬂﬁf& {aBH:t n% P%@e% in

representi ngF haracter is to |
substit uti onFIgiJ %@Mcomsanexw Aage Vﬁﬂﬁmaefﬁﬂﬁ%ﬂo( Gt—?-:o#%@delctl@l ﬁ@hStlt}ﬁ@at ed.

I n the poeseRblessyPédrespdiimaie He b&hctwmév@4JEéﬁ?&eﬁk%&ethleﬁéuéxs"@'eha&o be

t he current node and flow co,ﬁ:g ol gﬁ&)cee E“ alf to step to determ ne if
there 25 ar eSCHHR IR SNUTIES] | HhehPLbep iR yalies allystrated arg éﬂtt aﬁb%iepfﬁ’haé’t‘ Have
nﬁt | 3e§n fulhmvuqur betess estd té\smblsfgzmlsesﬂmsab@o&e Tlh&setskhﬂé@uﬁtrhe g%ﬂmlﬁwﬁﬁssed%
chi ranch_nodes, resent ex eeds to, the ep
and then to THERE tBa%Hq feﬂp‘if\’(z ogplggtéhﬁucgﬁr%quemgﬁh? 3519853%1 P‘?fe‘?sf[e are
child branchdaeodestsofwill reatatluslightly didfteent"Wluesulsthe ttable @B nPréerdli,) cacko a
sear ch rd areys : t t he
par ent \tl)k(rganc tn[gﬁoﬁ %@emxﬁ% g&:%ﬁaﬂfgﬁggs E&T&B&h&% B S%BSt&QtQ?rﬁm@{n cess
70 backs up & REObabiiey abays & pedeteminediresheld eglier 0T @ wunimizg the SQ%@E&@ t he

step 80, \Ahesabreh@achlsubé@mmhameemrg kﬁ: atsﬁnﬁn%rceﬂttmmp&uy%ne gied in
FI GURE 5, the OCR,substituti s exam hed ana t%Eﬁgrres ondi ng

"1" (el) sub%tft ﬂ{biSBW“%c}éavi%Ba Ero(]?F %oabo’ﬁ) % iPRgSieterRpine pldi ¥HUEr e
110 depi ct edndcssariBrmitHIdREtHan thelothestinelhold vidstessedfin tda@estd froethy user
substit utd on, O C T 2002 WO 99/50763 PCT/ US99/ 06699

-14 i1l Sstra geﬁgacg é?‘? fim;lpre pﬁoﬁessgﬁ%(one) substitution node 149 is created,
and the process f5initanky, lhesbrde@lc@tbtbamtrmb%semmmu@h@wdmemi" dapispords i n
ELbGSJtRIEt 3“ gni%g?aﬂa&fﬂlﬁky'tb mébemsat&bﬁmasedem%d | Iy E@Jéﬁﬁmm%u& hﬁm

I's exam ned, but a substitution node 1's not cre

5 As will bedgrigsi fourypMaandt 6@@%9 $hds8: skib| aed | 2% neepsgsenting omﬁmeer

pr gg[ a{nﬂ ng, s@b@ﬁtduﬁbﬁ@f'ls' "POgRY)] {'lw ro@nd) h@ncl”n@?@&%sqe?%ﬁﬁw dq;a?hmme@amgﬁﬂ G%gtE
subst i on_war in ion tree str in

substi g onuer iy Ssel b5 Aotim SeRlal o L so kO LSt Lol ed B node
164 and a gr24vjahd Rd6." G' branch node 166. The "G' branch node 166 has a "G'
child 10 substitutdyon no tl t R NQge 170.
A phant om nul | Eé?#ﬁﬁ?ﬁ ﬁ% %BéyﬁggragﬁS&ﬁgﬁ% $%%$%ﬂ% Q@ a |tut|ogghode
176 are shomﬁQF’o prdgrams 8f anay tntenprate clparéetessombxmh@ cnvmwslmnczomnder S,

but does nol nfife! £ s&aliee@alng%ﬁmnaﬁweecd&ﬁbé r 6%&%}5& pgsoag@tdeatines

fall bel owt l;?le det erm ne resh Event the root n

becones tthe EIFYRES, fesdrangnigblerratny 49 é'é’é’ei@“gﬁ%éééﬁo’é‘fs tPh@eSSPBiSI“?tEP%ere
there are nOta%Mlehﬂrpa% @dﬂtdxdm@rpdseiblmeﬁteq:raﬁnér{seoﬂ gt ciesttert bathbiRatien not

det or minat i oA AEgRpicHb KIRDRE S, b ShBaRaee s sl P sasm e efen

poi nt, the pemme$§487@nd §5&onpfeetxﬁmgAﬂ1& subbtitdtiosr IMhtind @ane h Faoillistrative been

- created. As e r S e [ earch
words to i ncs&% géde‘héI R@b%ﬁgf N‘éa.lﬁ& Al SS’@g };&iﬁh&fﬁ%hﬁ% é%l%{angear ch
wor ds ar35 noentries 348.reat @§0iane BSGURELS3, rP&‘Pelequ b&h¢ sibsHattion tahie entood! by
" those skilled_in the art of conmputer programm ng, and ot hers, various
changes can be made to the process 70 descri bed above vvithout departing
fromthe spirit and scope of the invention. For exanple, the . 25 process
may determ ne that sone branch nodes, such as the branch nodes 124, 126,
and 128, do not need to be created, because they represent probabilities
that are bel ow the designated threshold. Additionally, the ordering of the
steps |n the process 70 can be altered w thout depart| ng fromthe
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search reduest according to predefined optical character recognition
substitution data, the optical character recognition substlgﬁiwﬁm o|2 a

i ncluding a set of optical character recognition substituti

probabi | i t WOoH9/s8eSurrence 10 corresponding to each opti cal mcavwm/eom
recogni ti on substitution, wherein the vaftant word is different fromthe
al phanuneric search request; and identifying any el ectronic docunents in

t he dat abase having the at | east one generated variant word. 2. The net hod
of daim1, wherein generating at |east one variant 15 word conprises:

d d " d
seoment comiE g Stue 8Vt MRS AERTERne BRERERN S AR of Ml e
candi dat e vandlsmng/\xbmﬂthgé?ﬁﬁamogﬁ@m raay HAsBIst tHet Sharsictep combineticr "B otoebea
predet er m ngge tc'Bi‘r@@th&lagac@r &hﬂﬁﬁ’&ioln' e, aH@w@Qer' feinki b3 §%ggérﬂa%eﬁrc}{a\%@nt

word segnent does. not probability Qccurren
predet er mi ne¥gn dftwfwif%%bﬁametvarcamrédhﬁgan ve feunsaby Sallowing thent

mre ?;ﬁg gg{‘tebrﬁrﬁdhma’éﬁl altﬁésedr&?h on@ﬂfg i apd I?W; gl;hem?ebforghﬁlgr%yg?g% glfN Sna' m 2,
i i S S )

probability E? S‘gtlsé‘g’rt’roé geﬁﬁﬁe ISz%feg%‘ﬁéF PiRatesh up F%%‘ﬁ"éﬁ“&a]o‘f‘ffﬁ’f‘?&ﬁ%?bl ity

conpri ses: dederne piobgbikitigd predikciet pydhe opttieciol "L l’@ﬁaN"&émeCtﬁgm be Wt in

Subst [ Ut o3, GOT PSPOALAG. 2 b ARG Ak, MALAIA wBhd RRORRALBRROT Ui ng

to the pred ned o : o sub
combi ni ng t Happrsedsat ﬁlbratnyhcodmm&f@ncb a@ér" S4mpredessingtasearsbhiequsst cal 30
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15  program 34 may contain code that has "knowledge" of a null substitution
corresponding to each branch table entry. A fixed probability value may be used to
correspond to the null substitution in such an optimization.

FIGURE 5 illustrates an exemplary decision tree 110 that is created by the
pre-processor 24 during the process 70 of determining variant substitution words

20  associated with a requested search word. The decision tree 110 represents the paths
that the OCR program 34 may follow during the interpretation and translation of an
image of a word, to create the equivalent text. Each branch node represents a
possible delineation of the next character in the input image. Because an OCR
program may perceive two or more characters to be a single character, a branch node

25  may represent one or more characters. Each substitution node represents a possible
interpretation of the input character or characters represented by the substitution
node's parent branch node. To illustrate the process 70, a requested search word of
"SING" is assumed. The pre-processor 24 performs the process 70 of creating a
decision tree 110 in order to determine the possible variants of the search word that

30  have a probability of occurrence higher than a designated predetermined threshold
probability.

The decision tree 110 has a root node 120 that serves as the root of the tree.

The root node is a special case of a substitution node and has a probability of 1.0.
Below the root node 120, there are alternating node levels, comprising a level of |

35  branch nodes followed by a level of substitution nodes, followed by another level of
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"child" branch nodes: an "S" branch node 122, an "SI" branch node 124, an "SIN"

branch node 126, and an "SING" branch node 128, representing the input characters

"S", "SI", "SIN", and "SING", respectively. This indicates that the OCR program 34

may recognize any one of these character combinations as being the first character of
20  the word "SING".

As depicted in FIGURE 5, the branch node 122 has thre_e child nodes: an"S"
substitution node 130, a "5" (five) substitution node 132, and a null substitution
node 134. These substitution nodes represent the information that the OCR
program 34 may interpret the "S" in "SING" to be an "S", a "5", or no character,

25  respectively. As discussed in further detail below, the "S" substitution node 130, the
"5" (five) substitution node 132, and the null substitution node 134, are taken from
the substitution table entry 218 (FIGURE 6) corresponding to the branch table
entry 210 in the statistical table 23.

Each of the substitution nodes 130, 132, 134 at the first substitution node

30 level 113 has zero or more child branch nodes. Each of the branch nodes at the
second branch node level 114 represents the next character or combination of
characters that is perceived by the OCR program 34 after processing the previous
character or character combinations, wherein the previous character or character
combination is represented as the grandparent node of the new branch node. For

35  example, as depicted in FIGURE §, after processing the character "S" represented by
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combination represented by the grandparent branch node 122.

15 The substitution nodes at the second substitution node level 115 represent
possible substitutions for their parent branch node at the second branch node
level 114. Each of the substitution nodes is derived by looking up its parent branch
node at the branch node level 114 in the branch table 200 of the statistical table 23, as
illustrated in FIGURE 6. For example, the "I[" substitution node 146, the "1" (el)

20  substitution node 148, the "1" (one) substitution node 149, and the null substitution
node 150, representing the possible substitutions "I", "I" (el), "1" (one), and none,
respectively, are child nodes of the "I" branch node 134. These substitution nodes
correspond to the substitution table entry 214, which is depicted in FIGURE 6 as
corresponding to the branch table entry 206.

25 Each substitution node has a corresponding probability value that represents
the probability of performing the corresponding substitution, and all of the
substitutions represented by the substitution node's ancestor substitution nodes in the
decision tree, during the OCR recognition process. The probability value for any
substitution node incorporates the probabilities of its ancestor substitution nodes.

30 The cumulative probability corresponding to a substitution node is calculated
by multiplying the probability value in the corresponding variant entry in the
substitution table by the cumulative probability of the substitution node's grandparent
substitution node. For example, the "I" substitution node 146 corresponds to the
variant entry 232 (FIGURE 6), which has a probability value 240 of .92. The value

35  of .92 is then multiplied by the cumulative probability for the grandparent "S"
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and 15  determining variant substitution words includes creation of a decision tree, such as
the decision tree 110 on FIGURE 5. During the process 70, the pre-processor 24
maintains data that refers to a "current node."
At block 71, the pre-processor 24 creates a root node 120 and sets the root
node to be the current node. At step 72, the pre-processor creates the child branch
20  nodes of the current substitution node. As discussed above, each child branch node
represents a possible recognition of the next character by the OCR program 34.
When the root node 120 is the current node, no characters have been processed yet.
Therefore, the child branch nodes created are branch nodes 122, 124, 126, and 128,
representing input character recognitions of "S", "SI", "SIN", and "SING",
25  respectively.
At step 74, a determination is made of whether there is a child branch node of
the current node that has not been fully processed. The first time this step is reached
after creating new branch nodes, none of the child branch nodes have been processed.
Therefore, the answer is "yes," and processing proceeds to step 76. At step 76, the
30  next unprocessed child branch node is set to be the current node. In the exemplary
decision tree of FIGURE 5, the first time step 76 is performed, the branch node 122
is set to be the current node. At step 80, a determination is made of whether there
exist any substitutions that have not yet been examined for the current branch node.
This determination includes examining the entry in the substitution table 202
35  corresponding to the current branch node. As depicted in FIGURE 6, the substitution
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UrU? U7V V/ Y<above a predetermmed threshold, then at a step 88, a new substitutlon node is created
U Larea, Cophasbpetipne, 4 slaslaalenlep) celegaphemensealsalatesl oo,
aui w>yNy[ ch node 130 is created he cumulative probability calcu ated at step 86 is stored in the
"S" substitution node 130. The newly created node is then set to be the current node.
20  Flow control then proceeds back to the step 72, where new child branch nodes of the
current node are created. In the exemplary decision tree 110 of FIGURE 35, the
branch nodes 135, 136, and 138, representing the possible next character recognitions
of "I'", "IN", and "ING", respectively, are created.
The series of steps discussed above are performed repeatedly to create new
25  branch nodes and substitution nodes and to descend the decision tree 110. As
depicted in FIGURE 5, the "N" branch node 152, the child "N" substitution
node 154, the "G" branch node 156, and the "G" substitution node 158 are created.
After creating the "G" substitution node 158 at the step 88, and making it the
current node, at the step 72, there are no child branch nodes to be created. This is
30  because all characters of the input word, "SING", have been processed. Therefore, at
' the step 74, a determination is made that there are no child branch nodes of the
“turrent Fode that have not been processed. Flow control then proceeds to a step 94,
where a defermination is made of whether the current node is the root node. In the
current example, the current node is not the root node, and flow control proceeds to a .
35  step 96, where determination is made of whether there are any child nodes of the
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At the step 86, if the calculated cumulative probability is not above a
predetermined threshold, flow proceeds to a step 90, where the parent substitution
node of the current branch node is set to be the current node. In the exemplary
decision tree of FIGURE 35, this occurs when the "G" branch node 156 is the current

20  node, and the cumulative probability for the OCR substitution null is examined. In
FIGURE 5, a phantom null substitution node 162 representing the null character is
depicted to illustrate that the substitution of null is examined, but a substitution node
is not created. In the present example, the parent "N" substitution node 154 is set to
be the current node and flow control proceeds back to step 74 to determine if there

25  are additional child branch nodes of the current node that have not been fully
processed. As discussed above, if there are no unprocessed child branch nodes, as in
the present example, flow proceeds to the step 94 and then to the step 96. In the
present example, at the step 96, there are child branch nodes of the current node ("N"
substitution node 154), so a search word is not found, and flow proceeds to the

30  step 100, where the parent brancn node is set to be current node. In this manner, the
process 70 backs up the, decision tree 110. The process 70 eventually reaches the
step 80, when the "I" branch node 135 is the current node. As depicted in
FIGURE 5, the OCR substitution "1" (el) is examined and a corresponding "I" (el)
substitution node 148 is created. To simplify the decision tree 110 depicted in

35 FIGURE 5, the descendant nodes of the "I" (el) substitution node 148 are not



n& ()- ! F9 ' 109%& ()- F9 ' 10%& ()- !F9 ' 109%& ()- /1012344y g
10° F("109%&' ()-! F("109%F& ()-!~ F("10988& ()-!~ F("10%88& () @ [ D8s+ & ()
1y "10983& ()- 44 444644<5)1C 10° F("10%
D & 10%k&WO)PB076310%0& ()-! 10% 0& ()-"$, 10% 0& ()- F10% o&CYUSIYO6699
10<55?66n89q: zX6l C -14-
10! y"#10% 0' 0&' () -t & 109%& ()-Z'f & 109%& ()-Z'f & 10%& ()-Z'p & 10%0& ()-
7 & 10% & ()-Zq: c; ; =>??2?xYNC80! 10’ 0 10' 0
10' 0" ) #10% 0& () - @| ) #10%0& () - @ X ) #10%0& () - @ ~) #10%
&' () Q'y " Z

* " 1006 5f 5@ RET Sl8’ ﬂa?l@t @QEE ‘%M S ostision (30422 15 STERRENEDS: TS PLOSFS 1006 5
| 5&' ()-:6L$H0 (t§ mﬁm&s@i&%ﬂom) | Ay dmoioted i FIGUREBS, 2 pbantom null .
105 " 10968’ (Qubsthilcio &Q%ﬁéT%lﬂdstra@s thad WS yidktitutionObf | &l@%@%@lﬁt&u(e)d bt $HI9KKS

WH;Y( ;)f éﬁ%%&‘%%ﬂﬁﬁ > S Creg%YdSY&' ()- 'N &LOYNPNP& ()- !'N &10 OH8, ()- 'l
H&' () - &NSNNOx PQ" Sk X6aliM: B¢ *reddibgid&dérptood ~by# 108seHskBed )in -th& 4# Qfi-tdenputer- | t #1
0% H H& () - - 'r8§r%%é\1h‘§‘, (aha %ps%r(t nmﬁsﬁw U}JJBCQSZS%Y 9I Ii?t%gﬁ/lﬁnigr‘;c’( )varla }0< 10<.
substitution words results in the decision tree 110 illustrated in FIGURES. As
depicted, the "IN" branch node 136 has a child "M" substitution node 164 and a
grandchild "G" branch node 166. The "G" branch node 166 has a "G" child
10 substitution node 168 and a "6" (six) child substitution node 170. A phantom null
substitution node 174 and a phantom null substitution node 176 are shown to
illustrate that the process of the invention considers, but does not create these nodes,
because their respective probabilities fall below the predetermined threshold.
Eventually, the root node 120 becomes the current node, and the process
15  proceeds at the step 74 where there are no additional child branch nodes of the root
node that have not been fully processed. Flow control then proceeds to step 94
where a determination is made that the current node is the root node. At this point,
the process 70 is complete. All valid variant search words have been created. As
depicted in FIGURE 5, the process determines the variant search words to include
20  "SING", "SIN6", "SMG", "SM6." Additional variant search words are not illustrated
in FIGURE 5.
As will be further understood by those skilled in the art of computer
programming, and others, various changes can be made to the proéess 70 described
above without departing from the spirit and scope of the invention. For example, the .
25  process may determine that some branch nodes, such as the branch nodes 124, 126,
and 128, do not need to be created, because they represent probabilities that are
below the designated threshold. Additionally, the ordering of the steps in the
process 70 can be altered without departing from the invention.
While the preferred embodiment of the invention has been illustrated and
30  described, it will be appreciated that various changes can be made therein without
departing from the spirit and scope of the invention.
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set of optical character recognition substitutions and a probability of occurrence
corresponding to each optical character recognition substitution, wherein the
variant word is different from the alphanumeric search request; and

identifying any electronic documents in the database having the at least
one generated variant word.

2. The method of Claim 1, wherein generating at least one variant
word comprises:

determining a candidate variant word segment, each candidate variant
word segment comprising at least a portion of a word;

determining whether the candidate variant word segment has a
probability of occurrence above a predetermined threshold of probability; and

if the candidate variant word segment does not have a probability of
occurrence above the predetermined threshold of probability, excluding the
candidate variant word segment from said at least one variant word.

3. The method of Claim 2, wherein determining whether the
candidate variant word segment has a probability of occurrence above a
predetermined threshold of probability comprises:

determining a plurality of optical character recognition substitutions
corresponding to the candidate variant word segment according to the
predefined optical character recognition substitution data;

combining the probability of occurrence corresponding to each optical
character recognition substitutions corresponding to the candidate variant word
segment to determine a probability of occurrence corresponding to the

candidate variant word segment; and
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5 corresponding to the alphanumeric search request according to the predefined
optical character recognition substitution data; and
combining the plurality of optical character recognition substitutions to
create a candidate variant word segment.
5. The method of Claim 1, further comprising:

10 creating a tree data structure having a plurality of substitution nodes,
each substitution node corresponding to an element of an optical character
recognition substitution corresponding to the alphanumeric search request, the
tree data structure having a root node and at least one leaf node, each leaf
node linked to the root node by a path corresponding to the leaf node; and

15 combining the optical character recognition substitutions corresponding
to each substitution node on the path corresponding to one of said leaf nodes to
create the variant word.

6. The method of Claim 5, further comprising:
determining, for each substitution node, a corresponding probability of

20  occurrence according to the predefined optical character recognition

substitution data; and

determining, for each substitution node, whether the corresponding
probability of occurrence is above a predetermined threshold; and

in the event that the probability of occurrence corresponding to a

25  substitution node is not above the predetermined threshold, excluding the
variant word corresponding to the substitution node from said at least one
variant word.

7. The method of Claim 5, further comprising:
creating a branch node in the tree data structure, the branch node
30 corresponding to a delineation of a character during optical character

recognition of the alphanumeric search request;
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substitution for the character corresponding to the branch node.
8. The method of Claim 7, wherein the optical character recognition
5  substitution corresponding to the substitution node comprises two characters.

9. The method of Claim 7, wherein the optical character recognition
substitution corresponding to the substitution node represents zero characters.

10.  The method of Claim 1, wherein determining at least one variant
word comprises determining a plurality of variant words, and searching the

10  database occurs after determining the plurality of variant words.

11. A program storage device readable by a machine, tangibly
embodying a program of instructions executable by the machine to perform
method steps for searching a document database, the document database
comprising optical character recognition documents, the method steps

15 comprising:

obtaining a search request comprising a target alphanumeric word;

obtaining a plurality of optical character recognition substitutions
corresponding to the target alphanumeric word;

generating at least one variant word corresponding to the target

20 alphanumeric word, wherein the at least one variant word is different from the
target alphanumeric word and is based upon the plurality of optical character
recognition substitutions corresponding to the target alphanumeric word; and

identifying the documents in the document database having the at least
one generated variant word.

25 12.  The program storage device of Claim 11, wherein the method
steps further comprise:

determining a possible optical character recognition substitution
corresponding to the target alphanumeric word;

determining a probability of occurrence corresponding to the possible

30 optical character recognition substitution;
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selectively including the possible optical character recognition
5  substitution in the plurality of optical character recognition substitutions, based
upon the probability of occurrence relative to the threshold of probability.
13.  The program storage device of Claim 11, wherein the method
steps further comprise:
specifying a plurality of substitution nodes, each substitution node
10  corresponding to an optical character recognition substitution, the plurality of
substitution nodes forming a hierarchical tree structure; and
forming a variant word by including the substitutions corresponding to a
set of substitution nodes forming a path between a root node and a leaf node in
the hierarchical tree structure.
15 14.  The program storage device of Claim 11, wherein the method
steps further comprise specifying a plurality of branch nodes within a
hierarchical tree structure, each branch node representing a delineation of a
character during optical character recognition of the target alphanumeric word.
15. A computer based method for searching a database of electronic
20 documents created by the use of optical character recognition, the method
comprising:
receiving an alphanumeric search request;
determining at least one variant word associated with the alphanumeric
search request according to predefined optical character recognition
25  substitution data, the optical character recognition substitution data including a
set of optical character recognition substitutions and a probability of occurrence
corresponding to each optical character recognition substitution, wherein the
variant word is different from the alphanumeric search request;
creating a tree data structure having a plurality of substitution nodes,
30 each substitution node corresponding to an element of an optical character
recognition substitution corresponding to the alphanumeric search request, the
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to each substitution node on the path corresponding to one of said leaf nodes to
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create the variant word; and

searching the database of electronic documents according to said at

least one determined variant word.

16.  The method of Claim 15, further comprising:

determining, for each substitution node, a corresponding probability of

occurrence according to the predefined optical character recognition
substitution data; and

determining, for each substitution node, whether the corresponding
probability of occurrence is above a predetermined threshold; and

in the event that the probability of occurrence corresponding to a
substitution node is not above the predetermined threshold, excluding the
variant word corresponding to the substitution node from said at least one
variant word.

17.  The method of Claim 15, further comprising:

creating a branch node in the tree data structure, the branch node
corresponding to a delineation of a character during optical character

recognition of the alphanumeric search request;

creating at least one substitution node that is a child node of the branch

node, the child node corresponding to an optical character recognition

substitution for the character corresponding to the branch node.

18.  The method of Claim 17, wherein the optical character recognition

substitution corresponding to the substitution node comprises two characters.

19.  The method of Claim 17, wherein the optical character recognition

substitution corresponding to the substitution node represents zero characters.

20. The method as recited in Claim 1 further comprising discarding

any variant words not identified in the database.

21.  The method as recited in Claim 11 further comprising discarding

any variant words not identified in the document database.
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