MODEL - BASED DEWARPI NG METHOD AND APPARATUS
SPECI FI CATI ON [ 0001] This application is a
WO bi1o¥28i i on-in-part of US Application Serial pddus2007/005492
11/ 368,260 filed March 02, 2006. This application
clainms the benefit of US Application Serial No.
11/ 368,260 filed March 02, 2006, which disclosures are
i ncorporated herein by reference. Field [0002] An
apparatus and net hod for processing a captured inmage
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and nore docunents are stored in inmge, or pixel,
format instead of ASCI| SPHEIFIOATIONOr age nedi a, such
as CD-ROM i s becom ng | ess expensive. These inmaged
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filed Magef (2300 Télsas)ahwg?n&éqamr%bwﬁaﬁf Uﬁp%ﬁpltfé‘i}% §e§@dﬂo
11/368 1@@) filed QAR 10205008, Whgéﬂ &5c16ATEY &e iHQ fed HePBA S ?' reference

distortion is a probl emwhen the docuhent conten
Field the image is captured by a scanner or, even worse, by
a digital canera. [0004] Figure 1-A is a block diagram
[0002] depircanpatptesmidcakthod fpoprontssingfa captued meage ahds pwne particularly, for

processip g ARAE ikeat kR EARIBAE | TR0 Canner plate

112. A scan head 120, vvh| ch is generally conprised of
Bﬁkgm_optl cal subsystem 122 and a charge-coupl ed device
"CCD') 124, is noved across the docunent 110.
[0003] Al Morggind Eagradeciments precstered h ymage, MpﬁbWMaj rimltead of ASCII

th
code sinfh Bl oo s L BE E LRI PR B oGS bl ATHTE rpeed
documeatsdalra‘ glde it@be osdd'ﬂog eefedentd) sedrbInt,ldrlkhstiﬁbenmpt’Iﬂﬁaltored image of the
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image distértioh iedpioblemh v\&ll'efxiﬂl)/e dtfcuﬁ{&t ostensiih iSinf@R € dptiRd by a scanner
Mhen |ight is incident on the photosensitive

el ene
or, evené?’%‘ﬁ%ﬁ’ﬁ?%‘ﬁ“?m 124, charge is trapped in a

[0004] demi@irk QDA (£8 bRk AMagrhlf depittiAg ?ﬁié‘e{l Qﬁmﬁbﬁ&ﬁi‘ bBa scdABer. A scanner
anmount of charge associated wt ot osensitive

is typicallyised {9 captwe apdmage pEa depurnes ltle ﬁh@oqume@hm is Rjaced on the

n
scanner lg{/ag%"i 22 S%&’SE&Q Beaﬁf‘lgr()lh gvh'ié?i]g ;%g?%r}iﬁ %bﬁﬁﬁﬁ@cﬁoff a?ﬁ?tﬂ:ﬁldsubsystem 122

and a chagger ¢auple ﬁ‘aﬂﬁ'b Agttipmavad GPFQSEE the oirocumentdlewt Although Figure
1A depxl:ﬂs gvmy Atwd Bﬁnérﬁﬁﬁlgf:we%e H{é'%%? ﬁ@eﬂﬂ 2d 1¥1§y ﬁ'ﬂ)@@%btdsy the document in

| eménts via sanp |ng
both the dlI‘CCthl‘l illustrated by arrow 114 and in a direction orthogonal to arrow 114. The

optical subsystem 122 focuses light reflected from document 110 onto a CCD 124. CCD 124 is
often implemented as a two-dimensional array of photosensitive capacitive elements. When
light is incident on the photosensitive elements of the CCD 124, charge is trapped in a depletion
region of the semiconductor elements. The amount of charge associated with the photosensitive
capacitive elements is related to the intensity of light incident on the respective elements
received over a sampling period. Accordingly, the image is captured by determining the
intensity of incident light at the respective photosensitive capacitive elements via sampling the

elements. The analog information produced by the photosensitive capacitive elements is



el ements. The anal og informati on produced by the
phot osensitive capacitive elenents isconverted to
wolb@rtiedasi nf ormati on by an anal og-to-digital (A¢BS2007/005492
converter 130. An A/D converter 130 may convert the
anal og information received fromCCD 124 in either a
serial or parallel manner. The converted digital
informati on may be stored in nenory 140. The digital
information is then processed by a processor 150

convertéto Qi Gkl InfoPmERSH 6P hn 8RNI NBS-RigiaP{ £8) BnRMr486: AHR/D converter

user g control scanni ng paraneters VI a user
130 may eprvertdbeanatog ifermaatongeegivechirpmeeeDi I24dnwephen agprial or parallel
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caner epicte I gure
informas'eub sytbele motgﬂsedﬂayal ptpgissrm 150aaceosdingty cbetrulsmﬁWaJe Stocedsin ROM
ref yrent 110 ont 9
180. Thc ﬁr may c!)n esg%%{gxggggrag}%gerge uselallnter c 12(6)1 Ccé)éhe scanned image is
ouqmundmmmmghooqhwpoﬂhéﬂ a CCD are used to capture the |ight

ref| ct .fromthe.i. e . sensqr In.t
t000s) 4 BRHR Hiveet o g L e 2 ¥ AePpR o biP o 15, dnpifispl Subsystem
122 of aldigitdl ghinesd may b yis¢ e foed light RéflectilR6mal dUt@nieh€110 onto a CCD
rfac&mof t he as in a.scanner. Rather, in a

ocunent,
124, mugh g froghe Scapss, by cro%s%laaanm deasother thama CHD gre used to

capture fHealdh® ReFlextod frdin rtﬁ@m%,ke LikhtaRECMOISeEhsors UBih@ Todtext of a digital
docunent, to be inm In addition to digital

camera, @g RpPesed 19 HéFWéﬁh‘% optig# swbksystemolAZris pat wavedialongiheasyrface of the
documefBYs fHl £ Scahfedi ithirZ ffa dilgHA0GImrRANRE 85t §&tem 122 is generally

significant advantages over scanners for capturing

stationagyowitheespectita dessobieet, Schas ajdegyaent, kybe sragedl dn additren s digital
caxnerasagﬁotg?ﬁﬁﬁéﬁw "Fork Bih L& LR SHAPARb e di itized

cause scanners require a capture mage
[0006] be C@mwf@r signafieand ndeantgges prer scama&r@aptu@agaibbmaﬁt images

and othe%b%'égésj %r%xﬂn Fer O@BE:@X ax%f eh%ﬁg%érg}%{t?l CUQF% f’camlxer{s In addition,

the u caner a5 Great es
becauseisnagmrmpum ] ngptui'eait mmge tobe placed omtterscaimien plae, cameras are capable

o a5 AT b bbb BRSEBRY g rte c

difficultiarih ihgechpiuripchands sot ekist &dﬂhtut;m@ a s¢5ﬁ:ne®f For eﬂﬂﬁsla, light
AR TR M TN AT T
scanner§ eﬂnaidkﬁtﬁmt Qsd 6fa d:di‘ﬁtﬁ'ﬁ antfd&céﬁi\?h&gﬁﬁﬁﬁoxbﬁﬁnﬁ JA¢hicR ﬂﬁi&l&le@&ﬁh on

i stance fromt i mage ether the inma
various yagiaties ﬁ‘gchaPS&E% AR OF e Caetp eaiivG o 316 Imagsofe desyised by the

camera St #9giStad B frotN@E ifhasd, WhetheBatAnsRe ifQuia g AMRcument is situated on a
utilizes a nDV|n% scanner head at a fixed distance
Tig

flat or cyr g surfapsandeatheritactpes- iBrsgess, the peanpertlize pimmdngieranper head, at a
fixed diSRNRRdrh ¥ Jdetient 13 LRGARABE, QhesE: Q@sqgﬂno%‘ 88 nbeSERFAN fR8r in

been done on solving the problem of 1 nmage distortion.
scanne€rPr own and Seal es proposed a general de-skew ng

[0007] &l G@idntRBRaEF QA hA R dBh bY sRIRaHe BR%%TE Wf?mQQesﬁgtoptﬁbns Brown and
Seales proposed a general de-skewing algorithm for arbitrarily warped documents based on 3D
images. ("Image Restoration Arbitrarily Warped Documents," IEEE Transactions on Pattern
Analysis and Machine Intelligence, Vol. 26, No. 10, (2004).) Zhang, et al. developed a depth-

from-shading algorithm to process document images captured by a flatbed scanner. ("Restoration



I mages. ("lmage Restoration Arbitrarily Warped

Docunents,"” | EEE Transactions on Pattern Anal ysis and
wovBehiigsasd ntel Ii gence, Vol. 26, No. 10, (2004)pQT1/€$mime05492

et al. devel oped a depthfrom shading algorithmto

process docunent inmages captured by a flatbed scanner.

("Restorationof curved Docunent |nmages Through 3D

Shape Modeling,"” Proc. of the 6th Internationa

Conf erence on Docunent Anal ysis and Recognition, pp.

of curve@l%&e%n(e%@ﬂﬂdg@s TRbudHM D Sﬂxﬁﬁ@ﬂicﬂl@ﬁng 8 de& BF Mlec@'pﬁ@ﬁﬂfonal

on the lighting condition and, therefore,
Conferengs omBpeumnent Anralyus andiBecnenition, pp. 10-45 @QOAD ) cl?a\#éh’é technique is

highly dePOR8h: SEERAYhGhE goxtnhﬁlm dh@) thétks dé@r@ h8CsuitableBf fmages captured

conveni ent i nput —devices conpared to scanners,
with a digitabearotrar s have developed nmodel s to reduce i mage

[0008] di %egéérh? Eg Ql';aq % eé‘p 1?10 qac[gngg ?tb Xg\glj &vﬁc%g compared to
scanners msamhensdmkre d@théd)pekian@m tmtteductermagy Idmmbn;ahetpjansin images

capturec&)b? l%;t dcd%rt))e(%g%k )E%ﬁé}le,f Lln ag{] ?l ,@E%]&glg’g tc,a Wg%e:l to estimate
the cylimfler fslhtpelolfhﬂ ropeiiddotsemlk. Cmtﬁef}éﬁgﬁleﬁblﬂddbmmenéhahgﬁilsmured by the

Camera SR a6 #5457 APpinaRhy 1oL e Taterbitional (RhiStanes Spffocument

Analysi$\eIR ediignt s ppl 2125 fo0BhS A aiEpsElithRitSor &'L&ﬁ{gadhﬁsﬂbcﬁrﬁque is that
t he surface of tqe i maged_book. Liang, et _a
I

the modgleRply 3yeks wherthe epraplres ol aeeefao'%ﬁaarat%mp%éurface of the

imaged BoUK. Q,Qﬁl%OEt A. RARKIABIS S&H'd@{/éloﬁehﬁe RErRE 6 hfddel the page surface of a
parallelismand equal |ine spacing) of the printe

book ané &xPIgH|the praperties dparehelispagrd eqnal b%mclqgae therprited textual content
on the p§é@ﬂerecc(ve'r: ld?et LB Shdpdr %%tt@ﬂﬁllér@tméd DBC\IJIH@&@% Images,"

I hternati onal Conferénce on rrput er Visi on
Internatipaak Confernee gn Gomnwterppisiop3ed PagemniReno2aioH) px) 3393 -345 (June

2005).) LB? %émlsc‘te ﬁrﬁgﬂé HE1enk Pfagk %@ﬁbeodaﬂ[é?a Hn ﬁ&?o Fb%%@xr x%qmred to be
[ens | onder requl to aralle
parallel gutht sudace ofza bhankk HoMewen e mbels nmiielb;sbmh@homndtlamg to correct the
dlstortxog%% ﬁqg}alggélgg%&rgeng%é ngsté:g togﬁ?xglehsnteg?fo:n%gttlgrp I8 rdfher 3 %Sr" these
models amrmtghly tlhps‘elennﬁ'eﬂﬁ eaistenice ofitext ﬁagx-:mctbﬂ imagedtl‘hﬁk If a page of a

book haf a3} BR5reR gc SR FHETear € Y b a0e GReonhLianggr BRR witl no

“mﬂcmext lines, the Cao and Liang nDdeIS\MII not wor k
00091 Theref ore, ed continues to exi st

f
(0009] 5 ThiteRs o e Saminbes U e ishEorH B ISPV S AmP Rt FagjBed for
captunn@ﬁnﬂ@@dﬂf&mcﬁniehﬁtthif&ﬁawﬁthlﬁieZtBe hddantp¢a Bf agB&ra®bver scanners, yet

an1ras over, gﬁanners % reduces the distortion
reduces {iz ikdrjon GPisally pEgeHsd X SeRIFNRG dagiTFs AR Tjad cgmsresas opposed
toa scarﬁﬁHEPﬁ:féﬁb@'Pﬂﬁ%gaﬂaﬁlséhnﬂQﬂ&H& shdil@betable oﬂr@&ucmg distortion in a
par at us and net hod should be capabl e of _reduci ng

captured haags pIPTHFL AT 2AHheF k¥t finesgre |PFﬁfé’¢'e9m’é‘ﬁtlm6334/\ﬂ’f&“ﬁ€|"t thereby
allowing fofithd Ed1R&tiBh O BIRHABA iPA chftbred TRAEE o HAGHIERN with(REGRY and

equations. In addition, the apparatus and method preferably should not be restricted to images

that are generated when the lens plane of a camera lens is parallel to the surface of a book.



allowing for the correction of distortion in a
captured i mage of docunent with pictures and
wEeateess. | n addition, the apparatus and metkEgus2007/005492
preferably should not be restricted to i mages that are
generated when the lens plane of a canera lens is
parallel to the surface of a book.Brief Sunmmary [0010]
An apparatus and net hod for processing a captured
i mage that conprises an i maged docunent are descri bed.
Brief Sulnm#2y€ enbodi ment, the apparatus conprises a
stationary canera, which is utilized to capture the
[0010] | "RASPHLAAENTRAmethdl ARPrO&EsiRERApINRA imae that comprises an imaged
non-stationary camera is utilTzed to capfure the
documert gpgyéescribeds niarmns embedjmenta thetapparatistrotipmses a statippary camera,
o for o . . . .
which s iz B RFERRIESh ARl 4o Bimbil™ 37 ahiiB}: cEOMRER Enon-stationary
camera i nabjadl tocapiuenthefimaged decunamity r lnuyetl ancth¢rustbodtimeht a method for
.captured .i.mage..to.redyce distortions.created fraomuse. ..
processififR LG4 s FAGE heD picHieE § b deaivie® B8 atohe, it AR ishing he
imaged deeimenf froinher baekpodhdedjystiag thp@Eptatd smagwdtorretadditortions

ewar pi a captyred i e of curved docungen re )

created i sty HpFBEELELIT T OBE AR 1§ <] DFer embodiment
an apparhfug and Metiffd ot Sewaiingd captired aRFR 6L a 5GFBA d6curhéd had provided.

Fig. IB depicts a prior art digital canmera. [0013]
BﬁefDJ% .ﬁéz é ts a general flowhart of a preferred

ing a captured i mage. [0014] Fig. 3

0011 de jcﬁ%ég fkomchart af anot her enbodi nent of a met hod
[0011] ¢ i} B AR H Y PHOCHP L OFHLCT FERRS[ 0015] Fig. 4 depicts
[0012] a FigowBlipictsd ﬂﬂoﬂ‘@’t h?ﬁaﬁéarﬁﬁ{orm ng _Segmen]E at ihon in

acgcordance with one of the inplenmentations of the
©0013] fig, %SP’CF%@?“FE&T Jopesbanote PR PG BethaddPr Prpcessing B paptured
image. Fig. 5 depicts a flowchart of one nethod of performng

t he, random sanpl e consensus step illustrated in Fig.
[0014] 4 Fieo fepicts yilowchpsholanother embadivagnt ofp mastaochior peeFcsying a
capturedffag@r M ng the outlier renoval step illustrated in

FI?: 4. [0018] Fig. 7 depicts a flowhart for another
[0015] neFigod dgpiciser Howehaspolemathedaxf iperfoimingsegmertatien #i adgordance with

ot B A AT SR
[0016] peFigob diepigtsth@oweharoefdrermetbnd véperforapag thel rasdomatsamiplerconsensus
step illudtatta i FIEH. FI - 3.

[0017] Fig. 6 depicts a flowchart of one method of performing the outlier removal step

illustrated in Fig. 4.

[0018] Fig. 7 depicts a flowchart for another method of performing segmentation in
accordance with the method of imaging a document disclosed herein.

[0019] Fig. 8 depicts a flowchart of one method of performing the distortion removal steps
illustrated in Fig. 2 and Fig. 3.

[0020] Fig. 9 depicts a flowchart of one method of performing the lines of text step
illustrated in Fig. 3.



[0020] Fig. 9 depicts a flowhart of one nethod of
performng the lines of text step illustrated in Fig.
w2009Q@3kk1 Fi g. 10 depicts a flowchart of one nettos2007/005492
det erm ni ng whet her a docunment is properly oriented in
an upright manner in accordance with one
i npl enmentati on of the nethod of inmagi ng a docunent
di scl osed herein. [0022] Fig. 11 depicts one
enbodi nent of an apparatus for capturing and
[0021) PIBECHEEHCAR AdTRdard JFnt! Mtk deiiifiind OMIRAte document is
[0023] Fi'g. 12 depicts a flowchart of one method of
properly geigntediimam yprigkitthennes injessardanee withene émplegndntatipn of the method of

. . ' rggﬁ@ [ cordance with one inplenentation
lmagmggput:%g&nr%et oét}regﬁglre?r&agi ng a docunent di scl osed herein.
[0022] [ OBg4]1 demcts be dvbodinent 0 ar apwutatoe for captuzingyant pnodessing an
. . prqcessi.ng a,captured i mage. [0025] Fig. 14 depicts a
1mage 'nﬁugﬁ%hagr’f'%g?dgog%?%ngd of perforning i mage dewar pi ng

[0023] acEigr il depitts atfhevhaetsdvine infetisod ofideterpfifidg Jwhetlier aldocument is

oriemed 154 4 e AP PO on B P iSRS R el Aewod fimaging
a documélt@isbazed hefR927] Fig. 16 depicts a flowhart of one
mef.hod of perform ng.the | ocal direction enhancenent
[0024] st]ite‘ﬁ' f gmﬁﬁswgambﬁgwav of 8 syfefp 18] PrergssingA -E?gnage-
[0025] SERIEETY BEhibIsiadl RAthakBIGEmEtBod Bf TS aEhE tnbye ddXParp#BE8cording to
dewar pi ng technique of Fig. 14 and illustrates an
the presegt inWeRtiQN-ve net hod of applying a curved coordinate net

[0026] goFig.nlf; AB8Es A I AR HORHI R penb 8RSk hkitd cb8rdinate net for an

) epicts an exanple of an inage of a warped docunent
image ofsayyerpasl dpcementr ved coordi nate net. [0030] Fig. 19

degi,C ' i .
0027 P16 485 lrtbASUBRL  Atg BA0EH o
enhancementestephillnstrated pn Big. F5.g. 14. [0031] Fig. 20 depicts a

Prej,ect | [ j . Il lustrati el .
0028) 1 B°F AR R 3 PR SR i
technique of Eig il é and dllusprtds @anraltamatihe methodt aflapplyisg 2 puetd Eogrdinate net to

. 14 003 Fig. 2 1 depicts a rectangul ar net
ammagef%fh oﬁpﬁé]df’ﬁ%’gg'&j ustment step of Fig. 14. [0033] Fig.

[0029] 22Fidep8 dépicl aprexpmpld effandirage afma hakpddddchetent page with a curved
di illustrating a preferred nodel for performng the
coordinalG Bely ching step of Fig. 14.

[0030] Fig. 19 depicts an image of a document with a stretched, non-proportional rectangular
net produced after the stretching step of Fig. 14.

[0031] Fig. 20 depicts a projection diagram in 3D for illustrating the model used in a
preferred embodiment of the present invention for performing the stretching step of Fig. 14.
[0032] Fig. 21 depicts a rectangular net following the adjustment step of Fig. 14.

[0033] Fig. 22 depicts a projection diagram for further illustrating a preferred model for
performing the stretching step of Fig. 14.

[0034] Fig. 23 depicts a side view of an opened book for illustrating a preferred model for
performing the adjustment step of Fig. 14.

[0035] Fig. 24 depicts a projection diagram for further illustrating a method for performing
the adjustment step of Fig. 14.



[0034] Fig. 23 depicts a side view of an opened book
for illustrating a preferred nodel for performng the
wa@dhjorgdsrent step of Fig. 14. [0035] Fig. 24 depiBi8§2087/005492
projection diagramfor further illustrating a nethod
for performng the adjustnment step of Fig. 14.[0036]
Fig. 25 depicts a thunbnail image for further
illustrating a nmethod for performng the text area
segnentation step of Fig. 15. [0037] Fig. 26A depicts
[0036] @ Bigebs dé]fﬁgﬁ'ﬂ ﬁluﬁ’ﬁ)n&?ﬁﬁa%e%g farfHer illusthlifE a ettt foRbbA8rming the
a net hod performng the text line disStance
text areagegraentation step pf big. kHg. 16 [0038] Fig. 26B depicts a
t lg
10037) 1 HE20N 9chERAPrhl] sqeiee P8P o irale B} Rihe? Bty Blhod for
performxﬁgghe ©8t lu[léO@B@}iCdngscthﬂsﬁepFofdégl lﬁ si x 9x9 directional

[0038] tﬁg&g %ﬁ;ﬁlgéjg(f}t rtgg.%ﬁlbngﬂ us%de f'or uﬁga né %%eﬁﬁ%ﬁ)ﬁ]performmg

the text lhiegdistaBde dkrgntiohStep afdig.uréed |mage of a docurrent

i ncl udi | f nes of text used . for iJlustrati
10039] ¢ "Figt AP F AP stk iR aerPblateS Shethas B MER4E pertSrming the
computeaﬂhaﬂhmﬁelﬁresﬁh@pn?iﬁlfh@p oﬂfﬁxg [1904|1] Fig. 28B depl Ct s
an_J oftesetonotxt i ne
10040] 5 Figr 265 #Rpick amiTed o Sl daamagh Medpe Lot gortased for
further ilh@tra@ing AGndthed fbir Z)@ﬂbhﬂxlﬁ 2R BirectdASASRHISEL SiRREertdR Btep of Fig.
of Fig. 16. [0042] Fig. 29A depicts an inage of
16. skel etons of text lines used for further illustrating

[0041] Onﬁgn@gl@ QAepich anlgd @'bml{é%kﬁﬁ?or; SPebxd RS that A0 Qﬁrﬂerated from the
ste Fi 15. Fig. 29B depicts an éexanpl e of

text lme%wéﬁ%tle@geogf Kigj 38k ébltoe\;epg FherrbseCtlnatm#ay bggedpnhancement step of Fig.
16. fromthe image in Fig. 29B during one nethod of the

text line extraction step of Fig. 15. [0044] Fig. 30
[0042] debige23A alepists ancimagd of skdlétons biteut liestusad foriforthergtustrating one

methodi%ﬁgéﬂ? Egg@%ﬂpﬁnézﬁgfyé{,&?%%p%ggl% j3es of text from

ext line extraction
[0043] stEig. %9B diepictsidn. expOpioHf kielpson &ff thirlBed epitdinss t}fai(may iba@enerated
ther illus t hod f
from the {FRPE i Pl 208 Slhs ph PRLIRAER BROEpfbipRiiep ¥ g 15
[0044] [ OE@@6]SO Hepjcts32vettiqail detection Basanhhtemay bansdddiging one method to
17 far

exact RS T UG B AFRL 8o TRAS L5 o e S8 or s 15,
[0045] t oF:Es *B 1A143 ddpifdd téxtfings imdgedfop figtifer ustAtiHL afdther method for
performxgg theatcégcte l‘iineee)gl%cllérg gtsep %? Eer aged fromthe image in Fig.

[0046] Fig. 32 depicts an example of an image extracted from the segmented image of Fig.
17 for use in one image dewarping technique according according to Fig. 14.

[0047] Fig. 33 depicts an image of extracted edge lines generated from the image in Fig. 32

for use in a image dewarping technique of Fig. 14.

Detailed Description of Preferred Embodiments

[0048] Embodiments described herein are operable to process an image captured from a
camera that comprises a document. Embodiments described herein are operable to identify the

captured document image from its background. After the captured document image is isolated

from its background, embodiments described herein are operable to feduce or remove distortions
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for use in a imge dewarpi ng technique of Fig. 14.
Detail ed Description of Preferred Enbodi nents [0048]
wdsdeodezaent s descri bed herein are operabl e to JrOCS®67/005492
an image captured froma canera that conprises a
docunent. Enbodi nents descri bed herein are operable to
identify the captured docunent image fromits
background. After the captured docunent image is
isolated fromits background, enbodi nents descri bed
of the cap@Ffedl dbcahRnORELRD  FinbSUimBAd @8 sRibell BERYE afll a1§P63drB1e & rotate the
t he captured docunent image. Enbodi nents descri bed
captured depwpentamass [ s Biopenprientation: otddidonally, embedineents described herein
provide 0 GSUFRAth ATBERudtdonl JEEhP5RIRESs i ‘gmn?édtl‘ﬁg -each of the steps in its
Additional ly, enbodi ments descri bed herein provide the
various egrhodimgnth an eval uati on of the success of inplenmenting
e f [
1o049) 2R’ hefes  Fctal AbhEntPt £HR RGHRAELABR e prbliASk a captured
digital immpageh dftefr @tartp’lldh esiggm?(g imaggaip trese@cddn gtepad20i rﬁlgemagé reeived in step
220 comﬁ.{%@e ta rfé%e ¢ ecela%e daflheldrra gy lrQ%%Fr gy by resceelsveg%' 643 l}l%o&xs sources. For
example, image em‘bbdunleng nhahmagmgmy rlsayedm/eldefc(ﬁnvaeﬁgxftal @amesd. | [ausother
es. For n _one enbodi nent, the i
embodin B S Brage o TR g oat & iafpaty ui SaHer e 3 Abial Calnera. In
yet anoﬂeﬁbmdodﬁ&mm, thé ﬁnagagey beyechired €onn ¥ €limfphodgkaph that has been

s R OO S0 8 LG SRR, Ll maging

device, thd intage Mdyog56pé réchilled Fesin BEE 6f the KinbivaGtbragdimetiukdt foP BRctronic
where the image has been previously captured by an

files. gl ectronic i magi ng device, the inmage may al so be

[0050] I esi8h ¥90 obéraits Q@Ydeﬁtlg‘ ok RIcAhRAEI R ¥R thdfemainder of the
el ectronic files ﬁé 50] 230 operates to identif
i

image, of the bagkgrovedy e IR reifm@emfaﬁ Seemertatieal kg siep@B3 Otmhay operate to
detect thé BBLS of e dBBrLAREALRLR @mag ©Phid ofd '2§Orn¢§)ﬁ£15§ g%éereQﬁ crop the

segnentation. This step may op rate t'o det
backgrouad 9é sheprmagiedram mwwm Joeramgnt ji umagﬁeso Fhtioseparafe th@Gocument from

its backg ot dal % ORE A& 8& % &4 8o %tbo% xk% VQ{ %ggr%e%fto tré']dance toege[ni;'ove the

capture ocurmen
diStOl'tiordmeIh@cﬁphﬁned mhopumexntaoiegeo Souie o$t}e:pd1§té&;onseﬂacln elﬂs step 240 may

tortion renpva 0 reduce or ve the .
operate tg c %crt tarc: ers%efc 1tv% éiis(t:%rg n tl dﬁgﬂ'ﬁ}gﬁf w%gﬁg angg}gzlt Sp?omons.
Other dlsuhaods siap atsodrescontectet it thls step 2P0 2 8priHyY adpeedted 1 dofrect the

ct are distortions, |ens djs i ons,

cor
orientariqiEGtiRE HodRery JHE"TrR ¢80 o3 sBerols Rt i b GG gotred
documena hﬁﬁgemmomweemtmbrtrmt oh lh1dsdapp oZiéMatiSh efd BbdtAP eHeddaptired

0 correct,.t Lentatjon of the docunent. Thi te

documenb SRSRAFS iRy o Thly W 1AL iR GPREF: DI iR pBether he captured
document! IR AKES hpklﬂagawﬁ%wtél réigteithe Saptdrel [dBLEmEKt ihABE 86cREIngly. In step

orientation and to rotate the captured
260 the processed document image is outputted. The processed document image may be
outputted 260 through various means, such as displaying an image of the processed document
image on a monitor, saving the processed document image to a computer file, electronically
transmitting the document image, or printing the processed document image.
[0051] In some embodiments, it may be desirable to perform fewer of the steps reflected in

Fig. 2 or to reverse the order of certain steps. For example, some embodiments may only include



docunent imge accordingly. This step 250 may al so
operate to determ ne whether the captured docunent
WO pmgeo32si upsi de down and to rotate the capt ursd/us2007/005492

docunent i mage accordingly. In step 260 the processed
docunent image is outputted. The processed docunent

i mge nmay be outputted 260 through various neans, such

as displaying an i nage of the processed docunent i mage

on a nonitor, saving the processed docunent inmage to a

dxstortlo& RITRV 8 orfsk éﬁentﬁil@& AR PBisfoRfibrY réf 32 Mt $th&GnipMnentations, it may be
document |na9gl1 or printing the processed docunent

desirable; tapaly préesn fheidistertion rempyaliand erisntation gigps-be desi rabl e
[0052] ! oFlgﬁfef 3355812@ Wov@hak@@o%tf %ﬂéﬂl&e&hﬁ&ilﬁ{in{ ISR ingtho% f81r processing a
reverse the order of certain steps. For exanp
captured smnge effiouistan r30§, thejmagd i3 recesvaddoditept DI0; iloistepsitbihe received
t F
image is 95n\?eenen{hfo?al %eg'gceqlﬂ ep%%@érg btlf drggp " gﬁ%@%%o Osggx%&lﬁgﬁ?n 1S rHerformed
utilizing am edgb -basedtsegmentetioy plocessd 'Idlewdgt-ibhsecdrsegmp&tlo{x pai2ss 320

identifies ﬁlhg edgrest (hfqgg ]cCt & ? 6{&1&%??]%3@2 ?ﬁ 18%111?%&% é:apﬁ?cgﬁiocument image

from its sdckgtoudds, the inmmage is received in step 310. In step

3 t he recelv e iS co ve ted to a device
00531 Eiglybt Ao holov e of Qe HortBe Pt sgementation
process 3200 fmmeénmbuiman rlﬂ)rﬁnﬁnﬁﬂﬁl@d b@ﬁeﬂ e‘&l@l pBiHtPdre @bcated. This is done
The edge-based seggentatlon rocess 320

es
by searctipg fh sclge #0{Tte igfp aphdeterminesd By identiang Bettivenof the received
image thatl ot dit%Asitib f%p%r&@kﬁgﬁh@ﬁﬂﬁlohr@% feb &Nt Image to the
background. [0053J) Figure 4 icts a flow chart of
documeng pertiomRidhersseived imagsd geom@ego@mh hetereie fraegesls scanned
beginning 2th the ckhtes o£ dief%ﬁtlmagé’ W] & 9Rd also §E‘egm\é % ﬁ.?inrg%:tgﬁ the

points are |located. This I's done by searc

borders ﬁ dherreseived imagof 2t dnagme exeodimentett 15b§68111@8€ﬁ that yhe(@cument Image

occuples REE LdRAo1Th H&@w@ﬁ %%%ee Ayl 1B % EOBbiR Ei{ [& adsumed that € non-
transi tion fromt ckground portion of the recel

text portiopred ¢he eaptured dooumen impgs hasoanpnaf:l mtﬂasnye gmawe manrthgmf its

backgrou{slrcl P 43289 Pg%{:% geffom?}‘l3 C n?'er o el \ggge %ﬂgg%e 4&1{)0 after finding

inning w er o
an area tlzat (dam be identifind asldbaghent iphgls, tlmmidsﬁxd@abdﬁébgroﬁnd pi&els is searched

recei ne | JS,assu .
along the 48 Vi fhe SRt ook e Fen ML Ui S gD, an area s
identified ﬁEMCkgbenmi@ﬁals hritl thB efahisitiof 1h a6duiEdHt imbhge pikelRIS1ddRE ed. The

text tion o he. capt ur ed doc t
process cafi e SeHIRERGA BATE PHESSAGR ) PBILSH B SaHam 11iad 201 I ans
embodinfeac; ki fvéeﬂ'ed irﬁageh@ s6A4&HRAI4N Y, 4Z0bAR i thelHoRFohRAParkPerBEal
of the received image 410, after finding an area that
can be identified as docunent pixels, the transition
[0054] t OA Basdo Simile Rbrfhsus stepp 30 5Rch pé rﬁl}g')ehh?ﬁ%g@'@ -depidts one

t he é anni ng begi nning fromthe border of t recei ved
embodimentg &zevdoalh SHPRIG CPRSEMENYER- | Wdhisemhadimeriuthg rpndase sample

consensu@?gOg@fxécgﬁ:ﬁ%ytde%nﬁé’t\g@ﬁHﬂ?&h rhf 5 PO ¥BhSthe $dge points selected
entirtl e
in step 410 and 420. The line connecting these two randomly selected points is then calculated

direction

520. In one embodiment, angle-distance coordinates are used, where the angle value
corresponds to the angle of the line segment around the center of the received image and the

distance value corresponds to the distance from the center of the received image to the nearest
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process can be performed utilizing either one or both
of these scans 410, 420. In one enbodi nent, the
wo emeilvash i tage i s scanned 410, 420 both in t hecT/US2007/005492

hori zontal and vertical direction. [0054] A random

sanpl e consensus step 430 is then perfornmed. Figure 5

depi cts one enbodi nent of the random sanpl e consensus

step. In this enbodi ment, the random sanpl e consensus

430 is executed by selecting two points at random 510
point in thé G sdpen LIt PBENEHbSAIRATEHtheNcSreMatt Y sRAf fidPbe dHQ,
. . line connecting these two randomy selected points is
including, forexampla, (CRrtsdian seordinatesas pels GaPrdutes. dhhyse valuss agdhen stored.
The procERVrALREEESHA RnHSRG oIl $ofh HaRdBE PbitVéMthified in 410 and 420 is

corresponds to the angle of the I'ine segnent around
repeated thebtaiari siffigentsamplegwupddOi kmgee embodiment|itkis pnecess is repeated

I ' . :
five thoulfilimEE RIS bt B2 ARY B il ARG, BERMARIA, the pairs of
points thatadjriiznen thesane hioe assprodpedin lins. olf itleg initead edg e poiats selected in 410
S Lael udi n f.or, exanpl Cartesi an

and 420 TGP r(FRself et Tes GENEL HECHHen ¥ e RRE T 1rg?, pito Bhately
one quartehefithstpoires will be djstrimasd innd faelsematlirmgpes worrespuakding to the four

oints fromthe edge pojnts ,obtained in 410.and. 420 is
documenf Elgtsy AT Hhe Bl ptis il e Rimaray GifORRly Oyes the rest of
the possiblB@oerdiiesTeT e, fouhsas pf goaped lige segpatatiaf have thd)fiesBgBuped line

tjnes,, though. differen anpl e si.zes may be used. .
segments40GHAHEF SaRIBITHG. hicHRold b EEoused J0¢ ArEhema e prtiicd as
representig thb @ol&aﬂ@eé bfiBie ﬂb&n_ﬁéx&liﬁ% feBeibéd imagdef 5500 anionk idodiment,

edge poi.nts selected in 410 and 420 accurately
these collegon.abline segmentsus then detraminsd trdstths lefe Right derprdbbpttom edges

according fP@Bir rARVORSIBSRI M tRRcEVad IR4gedf the points will be
distributed into four small ranges corresponding to

[0055]  + Hftergapdam samplstconsrieys 4¥hisirsriorped.dnana empogiment.san outlier
removal %‘Le hapg p%?fo%gd gﬁx&ﬁ% fhd é’o]fé@ﬁzéxp{)ﬁé&/ge Whits td\furfher te fe the

] _ he possible coor ates. T our- sets of groupe

identification of geydasnment edgeshiivene érmbedistent; depisted ihiFngurs égthenisperformed
b . _ i ) -

by concufif, U 13610 BLUIA ML 3000 f MR e onsigg o one o

the edgesgif theecdived deement itmage.r brelined régrasyeorbtsChnifve, ardéne is drawn

. ' e Ll ecti of.line s t re then
avempi B 9RTR g 5380 R0 G0 Phr LATHRRRRI. I B b Bl
from thisdinear @gregsivo linh és detembiatd toebgpadistanoe sufificichtie farefe@nikelinear

. L [,0O55] After r m sanpl e. consensus 430 i.s .
regressio TP G20 PRt 55 iaER 47 HaRT & PR BGET 1ere o Ry Brrrasg. This
process igidpeatsd peiif the fatheanpoigt frbm tholihetrégossidn BAYR wWithiAtaShreshold

further.refine the identification of the docunent,
value and, e xESuldie 1ieEe ieshioRdHis = QeiSTERE o he P 16 RS performed
on each df sShpRiut 65 1MREI0R B €8EEIPSihisTEprasénting Ahe foRd @SS SThPRIURBH image
the collection of edge points corresponding to one of

document.yq edges of the received docunent image. In a |inear
[0056] I RHTEEMVAck BEPIRUFS, indtdpi 328, h 8alhilakbn of the accuracy of the

identification of the edge lines from the edge-based segmentation 320 is determined. This step
325 may be referred to as the calculation of the confidence. In one embodiment, the confidence
is calculated for each edge of the received document image and the lowest value is determined to

be the overall confidence. In another embodiment, the highest confidence value among the edge

-9.



attenpting to nost accurately connect the collection
of edge points 610. If the point furthest fromthis
wo 200@ae325:egression line is deternmined to be a EimUSINGCE005492

sufficiently far fromthe linear regression |line 620,

the point is renoved 630 and a new |inear regression

is performed. This process is repeated until the

farthest point fromthe linear regression line is

within a threshold value and the resulting |inear

lines is dét%ﬂhﬁ‘x‘éﬂ it®Be ke Gverall ERHIRIeHEd) E yie altthéEnssiii®eht, RRombination of
his is perforned on each of the four collectjon of

the conﬁgwg 06 thegdge ] Hi5e assuseel; WQ @R @rprgdgbgv%ngqféhe confidence for the

line edges 0 le¥e@fhind e DvERAWSRAlend:0 iRl enttddehb At Br Qﬁ&haﬁﬁ’g the confidence
Figure 3, in step 325, a calculation of the accuracy

of the de@mm@eon @ aarticuiariling edge istie celgglatq thaaatiq beswieem the number of pixel

points reﬁl rgﬂlstglgt ?%@%Bh@édo?ﬂxﬁ’gg fiRr H’]‘?ﬁ@\rairh@@ Gnd Fyttﬁtea? h&Rver of pixel

erred to ast culation o

points th@mﬂl@hm@é?een foundeorethpoziigee fﬂhe cohfadenga idettamimtios can be used to
improve ﬁ% cﬁ&tnq gxdreﬁx%rvfi%] t}l?éi gf th%fre(t,en? C eo%re%lm\ég dm?%%u nﬁtcﬁn also be used to
inform a m@'rcxflthe anfacyaerfcte pdrforaraotmefthe spacinrfons partticelahreghidet image.

fldeneval ue, he edge|ings s .determ ned to
10071 3R S Rt Lo PR Eot HPS ERBRERL e found, the
processofisgaogratmhédo asﬁmhhmedﬁfage dﬂl@(ﬁl-df)mﬁﬂikﬁn @lgge aridlesvesst unaltered.

The ben#ﬁ ?)g {Jﬂglgl %?ﬁgglggalrégeen)t(? $thy élpli'n e Of egrg |1sc 19(‘)1 ]:itl)gu%]ecn% in the

provideddfageé aeAIL EThiCiCuikl (e ams thik @ﬁlb@dinﬁ‘éﬂt @hn Bguddd@o process a series of
confi dence, of tthe deterg] nati on of particul ar Ijne

images 4} GNP 3 BIKH< A RIEIES 196 APSHTERts BRchiier Bhel PicivropWhich people

otherwis®Lizctthe Qhﬁtefasfe%i?kiﬁy ich Bs pidaire Lo opleCHt slzé‘r?éry Cmeté‘éﬂr%rthe

outlier renoval 40 and the total nunber of pi xel

absence ¢f dpeymenhmeaptihgt hasepishies VLt beristpeed. dp g@p 3PReif the
conﬁden@@ﬁ‘lfthg @@@b%ﬁ%ﬁéﬁ'x&ﬁﬁﬁ&{‘st%m@% ot S8ercRerk ggf %rg Qhéxhz?content based

di stortion renoval the receiv cunment
segmentitipapd stepd 3Sanannlse bp petfomerd: dlierfasivalyaconsent-based segmentation may

betheon"f’f E%??é é}fxeﬂtgﬁox{s@%—f Shignce of the systemfor a

I cu recel I mage. [0057] In one enbodi nent,
{0058] ifT}ajtgmeem-fbaaﬁchEgmmmnoalswptBéﬁtusemthehectioﬁmapmmbtmtgz

documenft P &chlstlgghgéé;ﬁgee@é cz{ urdd g:%%l A d te?xt 1ans rser%%nttg ?heﬁ% One

non-docu e an unaltere
embodmweneifa ¢oménttlsasergsdgmema&mnq1ﬂoc‘usm is d@ldtdstbmdhghnety lmothe content-
def ect when c unent t.h e
based sefyfiior HEPe: R i 7F ar i EE: erselne e R PR CARE Bmected
componentsdd thorepeived dscuanatiiinage D10 ambfisding i neudsst Aéighbor to those
nt s.a

f t f d f .
componeg}sX}Z&, < O ecg Hc@%spﬁgsxbtl rggef) St gg pﬁ(gg 1n ﬁlé? ?n{ggﬁ%}}eé% each pixel
is black c&\deﬂydayeacaus hdjacenpi tcs:&tuém ofd oheppixel 'ths sQN ¥ centers of the

tecting t he absence g a ,doc%r(}snt nmeans_that those
conncete(fERPRETS PIENEL COTECH SH QBRI 30V ISCB S4B ofed tp atermine the
border ofaB@ tdxd 906 Frd tige Bdﬁi‘éd3 a9RGgHaY ABNETI00R otd&Ro 3dhtifP the
fficiently hi then a cont ent - based
location %‘g%ﬁéﬁsea? A refered csesnwﬁgﬁga Sdthoueh Bierséterfthe margin may vary,
in one erdBddfhB@! h ¥RhYNardGRALENG aBASER SgOMFNt ati on may
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be the only type of segnentation performed. [0058] The
content - based segnentation step 335 uses the text of
wo b7aensur ed i mage docunent to cal cul ate the peges®b7/005492
the captured i mage docunent in relation to the text.
One enbodi nent of a content-based segnentati on process
is depicted in Figure 7. In the contentbased
segnent ati on process of Fig. 7, segnentation is
acconpl i shed by identifying connected conponents in
[0059] ! NEfEofiRp4eK t(gpfgu BN std PTB4Pthé LBriidof ¢ t'h@ gbﬂQretdnﬁ)cumem image are
near est nei or to those conponents 7 A connect ed
calculated. ohp@wmb¢‘gn@n§ thepcqgneys imayf begakailated ﬁom@eulmgsécm@féthe edge
each pixel is black or dark and each is adjacent to at
| east one other pixel in the set. The centers of the
[0060] ohmmmslofmp@ﬂmdt thealigtortipmrremonaletens @40n3 30 imapdsvolve a variety
of adjusu?x%tg)t’s tég)f(li 1%298(/ %t Eé §ge %mb gltrngé’nmatﬂﬁgfrspomgx? ged v&)? atep 240, 350
will adjust3be regeed dbcﬂmentdmage fo/cdrreet fqu&t‘Spectl\w‘ dx’stbmcmﬂg& tlef received

elved docu Al th h t i ze ,of th

image. Fp Betriie, i GupGSi it (SRSt Ttk ke o S 33 ol Fpove and
centered uporathdeldcument, ere’ il b A perkpRafverdistogionadithd fecivegd d3cument
in step 340 the corners of the captured docunent inmage
are calculated. In one enbodi nent, the corners may be
[0061] C &bﬁélérﬂb&ﬂnfehﬁmr tabRisting HeSAfakE Qﬂc&f‘ecft (G &gﬂﬁcﬂwd‘&i&omon is

0060] AsTgreV|oust descri bed, .the distortion renoval
depicted g% Bigure g Thissmbodimént jnyqluesmepping  setnf image seerdinates&) 0, for

example (08, rt@%@le\(@g:t bm% éd%rdlﬂ@te? r}‘epsl;ta{m& (u, )€ Adtes WY delgfientation
renoval step 240 adj ust the recei ved

step 230,320udhithg f?a@éomrse&rth%é?cwntp@r%@mm%m styniealbhin a
document &ﬁt&ﬂlﬂgeﬁe‘?éﬁé%ﬂvé HRftiod, Qfxes@ 80 otnerb Wiftlc BHgéﬁoﬂﬁ 5? a trapezoid,

where the picture i s not taken at an ang
whereas g gdocument shewd enerally pave the @hmfraemctanglhe i&ugiinjonp endpodlment
the mappp%ﬁfeggwsnﬂ P bANLR theTecd; deedu{gg&e%*a%g etﬂggr%ggmgaggaﬁgqs One
embodimeot foe@tcdrmvhqbergtpsonamngl B30 mtt)umdnze 8 hdapigedans itmnsformation

e volves, n

between Eleql%e %%gpg‘lj] h%&e?grot)cg%dxnp or ré]l}(ac?%p c?%&%ll gor gnages Véw
homogenselhs mﬁtnmgﬂ:semmgdha atedorth cﬁroneﬂarqiitertémplxeb coofdinate to the non-

230,, 3 3 the f
o LSRR 8 G e CEnEd o
comparingahe! flitconmnd déteintiged éﬁﬁmﬁ‘dgm@taiio&tmt B201,336 hﬁiﬁea tomécted
as

cCorres to a tra
dimensiofo oF RERPREIIAEH HERBPA Py eV HE Gt seetBrodument, th need for
calculatufgemb amagsform Bbsch pxﬁel%ﬂmt&ﬁh@élaﬁﬁﬂted by REn dﬂ@ﬁ:ﬁldﬁﬂatﬁk%ﬂ: fransform

d . between the received trapezo
for each Iiak i a0 Lnfgr interprlationde gplsulate the pewdithspehinatgs. After
mapping hBWoBRARABIcSHpbidih® td/h HbéiERerd hAGIE ASGBERYA perspective distortion,

transformatian
a re-sampling of the pixels is performed 815.

lines.

image.

[0062] Another aspect of the received image that may be adjusted in the distortion removal
steps 240, 350 is an adjustmént for distortions caused by the camera lens 820. The distortion
caused by a camera lens may create otherwise straight lines to curve. This distortion depends on
the particular lens used and the distance of the camera from the captured image. The curvature

created by lens distortion will generally be radial and, therefore, a uniform radial adjustment for
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bet ween the non-distorted pixel coordinates and the
di storted pixel coordinates via a honbgeneous nmatri X
wo epraerst i ng the transform fromthe di stortedpEi/ksio07/005492
coordinate to the nondi storted pixel coordinate, which
Is known in the art. The transform can be cal cul at ed
by conparing the four coners determ ned during
segnentati on 230, 320, 335 with a corrected di mensions
of the non-distorted received docunent inmage. In one

the lens BSBAENERAbe fhPrnes qsﬁm@ fa M&E@éﬂpﬂ&(lhﬁﬁn& ﬂ?br@é‘g]?ééﬁfqgns

each pi xel point can be avoided by sinply calculatin
distortion. h Ehig parasesRrimay pe eitlady cpichlatedhy @F.swtzmrﬁg inpyftegrby the User.

[0063) | n?%:dﬁgh@} hﬁ%&@f&@'r&éé G maBE tHAE Wal S fl&?&f ﬂ'tﬂé‘hﬁ&mon

mappl new coor di hat eS correspon
removal gleps2dh 8 50 as/ameadjastmedtifoeangre Klmsumldrs;oulogs&mleGMP@ if the

g SR 08 LBy P ol 5 A TR gl O hove s cu

surface, meljlting éda curviahee dr stagqing distaréom\Adko Shﬁ‘p SnRAbE a B&@pewve distortion

n _adj yst nent .for di rti ns cau the nmera .
when the g BE U5E TR i Phrriipd b DUl GRH G et THERCARigytions may
both be correated nc)tH%&hWOﬁR)rﬁEfrﬁﬂvgl‘dteﬂsl 2495350) A detuided El’é!;bﬁpnon ofa preferred

ortion.depends .on the par ns used
embodingt o e it PP LRy Witk S g SeF iAo oraodired.
removing peErvpictif € disteibe @rddy sudhfmagess idddst@bedinl dona@dtﬁihabxltw@@ 14-22
radial and, therefore, a uniformradial adjustnent

below. f5rthe |ens distortion can be performed using a

[0064] paa)amaai@,foraw xa&y Hﬁb iba @ohB&e@ls&l R déEcﬁJﬁﬂﬁx StipakRiuldrPpes of
par anet er be either cal cul ate he system

dlstortlorbperpwp\g ppb@tﬁ;ﬂiefi ﬁcéhgggpe tynge e flistastion that ﬁ@y bggp@gqed@r removed.
[0065] ' N& stCHIsY & the RAGink R0 e8P dﬁﬂbﬁgkd‘éﬁ Rk infhok Rfeated in Step 360.

di stortion renoval steps 24 IS an aqiustnen

The threshglding nmem?éwpév@ﬁtt%mw dapth efthapmage b ha::ethe patgetial
advantagg %?V&ﬁx@fn | 1fie 91 6n Qfea?edgo& fagszxutrﬁ%% B?g{é& & n ho‘i&%aphmg the

i maged page na ave a C
image. Ingne ambpémuﬂnt,wht: pjnrnijoclﬂlag pracess365Aedaces theetveenty fouyditecolor

images td Sﬂet BiY B%cié eang v§ﬁ1 rrtmaon n%ct)t?r?tu%l ﬁggeeﬂs ? ef:ﬁggxg tixe images to black

|q &> angl
and whxtdnssthe ré¢duotien nﬁﬂnerebtshatmduceé by el ¢amnetrh'e ﬂzlsls awd theaeduction of the
val steps.

24 e
amount Jf SRR ERBIEA R e e TRt taprt B Rige aBapan be
performeidcm IaSmﬁrhﬂ:r of hvays.doael Bﬁb?dmﬁdihd magfutllheé] uldﬁtﬁémn% feamﬁqgg C;Nhlch is
. perspective dist t' n.from such i s descri.be
known irf e @iy AR PTASTPIGioF p Clhiging PsRmaNEmrg RE oM KR image software,
such as m& SNOWBOUNDBYIMASE DIBEARIYES! esbtvndd 'S'Bﬁ\«ii@é@bfﬂ&alt% One
rticula pes, of distortion herein is not
shortcomg &g § 6hetAd tephpiays; aweyts i the Biadyftiomat nojsg inp.the image.
Another éﬁmﬁﬁnvforrmadmgb%@@ﬁs}ow& sele@ng 8 Zlotal &l}éﬁ.%tmfoq laf} gmage In
rQcess | s erforne on the i mage created in step

such a telfiuayan A daKgHf ialusriHeedeteds gEhase dicdshaving apingensiiy m@ter than the
threshold¥althd &redeBEEd WHikeRA thRnRAiBH bix@ls are deemed black. The threshold

value may be selected in a number of ways. In one embodiment, the threshold value is selected
and applied for all received images. This technique has the shortcoming of not accounting for
the varied lighting conditions in the received images. In another embodiment, the threshold

value is calculated from an analysis of the received image, such as its histogram. In one such
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advant age of reducing the distortion created by a
flash that nay be used when phot ographi ng the i nage.
wo fvooie2einbodi nent, the threshol di ng process 3&5r/us2007/005492
reduces the twenty-four bit color inmages to one bit
bl ack-and-white i mages. The potential benefits of
reducing the images to black and white is the
reduction of the effects introduced by the canera's
flash and the reduction of the anpunt of information
embodnm@ﬁtqu{) etanﬁ Si¥ OF 8P ra00vEPinkdgaC 85 Sssudpfion is made that the
hreshol di ng 36 can be performed in a nunber of ways
received meemt?dmm pagky inits intensity histegrami qegreseandingieethe foreground and
backgrou}L}@I Ethe' r%céwg %éu?x%etnlg ﬁa@éet Tlf)@ eﬁ%@%e@nt ﬂ'fay%o? kayf@rrnln Q&1 for those
nique may oun n exi sting i1 nage”sof tware,
images tcswbiq:hahe ahmmmtrapplyMA’CEtmrBMRMubyntSbotlmeﬂhQIding 365 isto
e a rtcom of oY
select a s%pz}r?,'t\g?fl;rn ahO(fd Q/%llr,] tf tecPl O:\A%\l/ zrp%e rgcetly,'erzﬁ a'lhcﬁc’e 8bodupent has the
advantageof sspomiiog td’]dlamgmge;onénmhh evithtmthedocement, sich as lighting changes or

t hr eshol di nvo v sel.ecting a.ql gbal threshql d .
backeroupg o388 e SPRoTR! A PisrFhn R 2fefhed s elbping BuSsholdine.
In this enmtodéabacttRpre ibESHIXPI o@edxezs dr@voniideréd hddRRMetWpigélaahmilyzed for

. than e threshold v Iue are deene ite and the
detemm?t&?a? rf-Fﬁ 5%*5934114 alle-q &%é‘f?é(éo aFmph&bﬁngtlﬁPzégﬁlswauv%.m?ewelghted

average JTRUCIDFIXEPALGCR @rd%’jﬂes’%x%tﬂmﬁrof‘@ﬁe WR¥ived irlagyi8 analyzed. One potential
enbodi nent, the threshold value is sel ected and

shortcomipgf; this srefodipent iz the; ipaduaiigyed nowsg;ifthe deqrivegh imagg somprises a
cok”eddbggnghortcon1ng of not accounting for the varied

tl:gi(xnmhtlons in the received images. In another
[0066] er{aétﬁp Qtthe lines efitewistien it peeicraed. sincthissignad WY the wysteandetermines

the lines @f‘t%;d’ & e el il él'b@\gxﬁb\(tﬁgxaggs %’uréﬁﬁggl‘é& drkSnito ?‘faﬁr{et%?‘the lines

I n one suchenbodi nent inv nalysis o
of text 37%0g daione ¢mbedygrent sthe gggmpﬁumes tbaqﬂad gxxtelsatortelagondmg to text in the

received ES&Eﬁ%‘? gmh%% 0 } nﬁertsw t]Ea%%% ba@k d:{ é}%glg%if e received

I stogramctorrespon oreg r
documenbpadgyr duothis @fnhbﬂenm,cthe ve of mlwmmueamg ell oftﬁasplxels within each

rform r .t hose i mages
of the row V\%ofotgxe tr%ceel\gzslﬁgcyuor%pu?w nba(gg is c %ulgtﬁslg 0. 8§e-115é1(n € then used to
identify lecd) pdakseaiid fatleyd inrthe bﬁdeﬁimglsﬁﬁ 9205 Thesespdaks hndivalleys are then

e R LGRS [ S b g s cosumes

image has BRpRNigegf feRt WA a%»mg: lﬁ‘d&ﬁ@ﬂdghﬂ Lﬂie vmwbmkae tigh® Wa]ﬁely white
n changes Or ackgr.ou contrasts e

will haveghe BighRsn b mciniies og i Lftss coutaining Hhcdtiagkiencoill have

substanuacyawev piteld ir&éxmlyd Mhgse dleeI"Jﬂic@s Rihedkiiesdn thEH Be calculated and the

evi gus pi xel values are considered as each new pi xel
lines of 14 ca thepstybs dtermiped- inrpaprefraredrembodimentedigdings ohtepkstep 370 is

executed @a& m»&ohw@%amemc%hy tabxlcﬁs t& B¥eitd &‘déuﬁtelnn finidie
hted aver age of each plxe as each ro ressi ve

[0067] p|4@%9th‘%ffeni‘tméhmé%‘ép¥/ﬁ%¥f¢rﬁﬁ§& lipes efifexisten) Q:ﬁéo perfers p gimilar
search foﬁhgfﬁ:{é%m&t qQf tﬁap cg‘m% t33'5S 1h Bfe 5@ el‘?i‘iil&&%ﬁ:gﬁ't Be text of the
nage

noise If the rece onprises a colore
captured dmmmvmag@seéqnufwdwé gogyd! inteelihésn dhinmay brmaceineplished by

1dentlfy1r%eﬁ1£ bR ted &)nli;mn%nétu? the cZaBtur&&So&%%n? %QEet Sxdnf' rpcﬁﬁg the nearest

neighbor to those components. A connected component refers to a set of pixels in the image

where each pixel is black or darker and each is adjacent to at least one other pixel in the set. The
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the lines of text in the received docunent inmage.
Figure 9 depicts one enbodi nent of the |ines of text
w@27143as50ne enbodi nent, the system assunes t hatT/tgo7/005492
pi xel s corresponding to text in the received docunent
i mage have a lower intensity than the background
pi xel s of the received docunent image. In this
enbodi ment, the sumof the intensities of all of the
pi xel s within each of the rows of the received
centers of W&ctéd"@&ﬁ brienfsAre Mt @AnSted inld 8RS, SEHTS pAJcBsd b @ﬂmlar to that
used to |den1| | ocal peaks and valleys in ?he pi xel
described i stepsi 110, 82Qandiidef Figaks and val l eys” are then
[0068) ar@kkyé%i dE@rﬂﬁE?WﬂEﬁ%r hlaec k)hﬂ@@d&gurﬁe%i( AL dhldGld be ina  landscape
unment. For exanple, 1If the recelvedlgocunen I mage
or portralh Mtabkom erabodiment this iy amomph/ahqdebyo@cmgnomadwhetthm the adjacent

connecteh cgﬁ%s?ér%tp F&'ﬁ! [?re{l o Ia?{lg gglglﬁ%f (?ljh %h{gghﬁ\% ln f g?)?ﬁ./ %hé Pﬁocess is run

once whdyk hoks ol st grioi out dinoen serbt@dtcomipoyentsyin lenbemhé horlzontal or vertical
ensi he enc i nten can

direcion, oGt i MG Forblon of HE i Rebllrorieniod kihebfise T one”

embodmféﬁt eliedineetion resultinyy with Khidégi'eewbﬁdmbarﬁf lieb & ddtélﬁﬁnétf to define the
xt step 370 i.s .executed both horizont al

received Y50 FRpEoR PHELS TG FBSARPBIF Hok IirBed FRLYBoR iggs hat has a

height grédtei thed ite Wiadh, ifahd lihey offtextf IM0h ige Vértiedl directienyiekds@ureater
370 i rforma sinilar search for_ the |ines of
number gt{ipes anthl INgSRABF I 1 theherrontl direetiqq, theg fpreceived image

documen€ IHREHIRAL tol®e 'lﬁféltscéi)fe drie@tatidR! Ws%oﬂﬁ@ Hf@ﬂﬁle &Y fhel sime
: identified and formed into |ines. is ma

received gemqu%eaﬂwqea ehiept $7ip f#lﬁé\ozsé?meldilse&%e@ prisdiifehgreater number
of lines thdh lthg @m@?@f ke EIRCHET ki chIBER ti8A Gt r@&r@é@m‘f%@&ﬁ%ﬁment is
nei ghbor to those conponents. A connected conpon
determingcfehayetapaatraig prigtatioieel s in the image where each
pi n .
o001 P38 2P oS i BORFER  is o
embodm@omfédﬁt@minmgp’dmhﬁtrshamem@ doctonm; amegie 1srnropdr1yrm$ented upright.

th escr n. steps
In one erf B ERAirleSostPip Bhatl . D sl P B LR BB mabe
analyzedy\lbmtthls Imat}h&swlapt allesgrediablenresntlt. i Imigle eﬂﬂmdirderhﬁedch lime of text is
sgap ortr f or mat n ane enbodinent, this .
aivided ip@ U 0GB Reh ) Sofs ot oing st mRe San ahl o Hesconding
section. Eﬂglms&d‘aeghage eharaetetssconedinc A drifiena stayisticil bhzﬁ'aéteﬂﬁtics that may
0 pcess i s

t text. .Th
be used lﬁﬁgﬁl‘é‘nnf’ﬁ’é’gu{}?ﬁf g&cﬁetﬁw qui&g‘ﬁ?e%ﬁtéﬂ étﬁtﬂe recelved document

image. RopBRanplel the Bnrgheh Idﬂgﬁaé%plhﬂkt H&ﬂinﬁij' fi0€ cN@héteBahat descend below
di.rect,i on pendi.ng on the %%{IOH of the adjacent

the bottogihmadeny, Sféb%?a BRERS: B1nPoREnd il S nany mgreshatetqrs fhat ascend

above thé ®pWHouhdgry\WftaltehtefcceqRbea fMMITPIEN aaf ). iRDhe |e§nbod1ment this
deterni ned to define the recei ved docunent

Characterbﬁﬂic &hibg Feglishdapsuage ﬁlmrécteliswaa be sersidered aben ﬁeﬁplainnagl@
respecth RambBAst 3}%!6( S |CG%IX‘QB SAURS astORfing Scttivh dhd the Jes&é}ﬁlﬂé Q‘:%ﬁon 1020

of text in the vertical direction yields a greater
and compagipgdhosstpixglslensitipgn H030, 4040.nEer exampls;a reivaddacument image

having ERQidha0htBle dhirgCietsaRat HAGiork I&?cernaﬁ)%' c‘ﬁggc{e%g&]s than descending

character pixels is likely in the upright position and does not need to be rotated, whereas if the
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docunent is determned to have | andscape orientation.

As anot her exanple, if in the sane received i mage
wolesuaensr the lines of text 370 in the hori zonp@l/us2007/005492

direction yields a greater nunber of lines than the

lines of text 370 in the vertical direction, then the

recei ved i mage docunent is determ ned to have a

portrait orientation. [0069] Step 380 determ nes the

upri ght orientation of the docunment. Figure 10 depicts

same do@fsen® KRORorE M scdifle st tdY (i Qelwﬂ%%fzerﬁ“xg%]&%fdt&%xels the

docunent inage is q{)roperl%/’ oriented u In one

documeng fikelyinegds to keyetated ere-byndred and @ghwaqagm in ptep d (80
[0070] "N Lﬁmer%fmﬂd §nt9f fo a%%rgﬁfégﬁiliﬁ{ngqﬁﬂ la.lg"%%é 91‘1&::1&1@% can also

result in a ss rellable resu one
be considegedh Iqurmtamfplq, eharagterigtiosi o pikel hacatipm ireélesb@cltzomalsdlir&ttnon can be
. ti I a
R s e
orientatiqroofl the ldoc:tanera; suchrah eptcdl chamties técoghitiohdQCREY.i Ahdther

cmbodm}eﬁng (ﬂ.g? %aﬁ%e %PFlgﬁ g?t%gh}o%f:h ﬁ]enbcfdgtécg}e gtgﬁll%g o ercr}?aractenstncs can
be utilizddnfag Ron-Eaglisikdsquntentd. [ForErgnpl) SpaiishRgguigehabeterd @8 similar to

those in ﬁ%ﬁ*&%%ﬁqﬁ% gi@gdge?éntg grégtré]\qist?c?slpow Lhe 9%(5%"]& Arabic

languagelharatRiny comiia acgramalcmﬁﬁsertdf@tes@ﬁaﬁl?cthaka@tees AliPerhBdiments may
ﬁlndary of .a  sentence (e.g. b, d k, land t).

adjust fo thogg, ehdzagieristics Aecordmely. char act eri stic of the English

[0o71j | alﬂ@“ﬂﬂ&eﬂi@@hﬁ&ﬁm@f éms@cnnkﬁt F&F&éhﬁﬁﬁﬁg swi})efsocﬂd%kéﬂlmg whether
t he respectlve nunber of |xe s cont ai ned

the receiyeddarymeyt yaage;ip nrcmdymén@ésr@eﬁm g %mhmlumemoﬂra iggnnected
compone‘ﬁ%rﬁ?@ ﬁkélgtotcﬁ@e?ﬁm&! é‘a%h 1462 3ink 'o??exloﬁﬁch é&ﬂlg%eﬁF [scl chasmﬁed by

exanp , a recei ved docunent | mage avi ng
height intosivpueaireosiear smalleand latget1 2A8s Tivo pentascfémd ilimgs gﬁuxmm ¢hen

determm@il1 ﬁ?été 552@ Hle&%%%gﬂgﬁx%%hﬁll lgﬁégldﬁ?gﬁtge € s eM t$ getermine the

t position an 0€s not nee ate
center Of\m@heagf ’4ef(t 12%6s dhes dey umprdveltbs estonae dﬁﬁmdmilﬂ-crfgext s center if it is

dlStortedCQl%L%gtf k rspi )e(r?é actrcr)] ar{h? ggien ﬂxg?aég g:rt%%t e I xel S]’é?ﬁ%agamst the

nee S
center ofehghhgs c[fegxteam ara gsdgied hO 5§henBE@m]dekdéndidg€Hased on the relative

cnion BP0 RIS BE G A el R A
then calcgh&rdaﬁts&rpl 4i0c gn aftylﬁib%lEEnghlgﬁ ﬂinlg d d[bd'uhﬁnh Qhd FaPFY @Har?cters will
I r ion C e CO re Furt non-statistica
ascend t%ﬁ% t%%ﬂﬁ'gwagﬁe?ﬁ g’r? dnQee @Wﬁ’é"eﬂﬁ’e‘ thsrmugmler of ascending
large chaﬁa[dt&ms’?‘érb&er ﬂfan&lh@mﬁﬁﬁéi‘"&'%sceﬁﬂﬁ@ oes, AR ER!doERAERURS not need
ecognition ("OCR'). Another enmbodi ment could utilize

to be rotaée%&ﬁt%ﬂ 3%?“%1"&6@6‘%‘“3 1 i3 0. Ji, hayyerier. dhe pymberafidescending
large chaﬁi@:@é’r@ﬁ &ehtet iHad tl?@ﬁhxﬁ@erlbtf 'akée%@ﬂlgl 18FgeP O kAGls! §hn the document is

docunents. For exanp Eanls anguage Characters

rotated inygtgp %351??8“%%@%@%14 teA®0-i sh and wil| have similar

[0072) | iBtige GO A To @i h sp-385% AN A he ﬁéémin%umfgf F¥tps 380 and
Ianguage characters confain a greater nunper

375. Thejeeye deeHment dmagaisttbersoutputteshibatindi®: s may
[0073] As discussed above, the system imaged documents may be captured in either a film

camera or digital camera. As an alternative to these freeform devices, a stationary camera

system may be employed to capture the imaged documents. Figure 11 depicts an embodiment
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adj ust for those characteristics accordingly. [0071]
Fig. 12 depicts another enbodi nent for perform ng step
w3 a7amdsdet erm ni ng whet her the recei ved docup@nis2007/005492

image is properly oriented upright. In one enbodi nent,
the connected conponents are used to determ ne each
letter line of text. Each conponent is classified by

hei ght into two categories, snmall and |large 1210. The
center of the lines of text are then determned in

for a statidh®y chdrPa syster? f6 QAPRLH I cunieifinddBR! lIn gt E/bSdiment, the

hei ghts are used to determ ne the center of the l|ine
documeng 1 }uigiplaced on thp basertd g0 ofphecyster elneasprefisted egpbadiraent, the base

1120 of d)% Stdh id 66 ¢ é-&%ﬁ éol&g th?c_Il;ﬂtgﬁf RhVEdke aﬁU&HafeSofétgcilimting the

I. 1S curvg across the pa'e. ar ge Iet;ers ar
segmentatiop Propgss ldestussydiaheve. t Betending ronpthettase 1 12{bis the stardd 130, which

ey oo B T RYREEL RO IR SRR RAIR A6 s

housed int the atand i3 6 or ofaydwoemdivalge anddjdstsblen dihedighehg eray terpdaced

t he al ¢ ed.in 1240, In .ypi cal lish. ... .
anywhers GRS WA Foop PP s i Boditot fioan®fiond hanting i
included b bise 120 bogtand 113 Inastiél. andtier embo@imént, the tighting is separate

nbadi,pent , i.f e hunber of ascendi.ng |ar
from the BRAoB B stant 14502 TRY TBRiney sENRT b U P SHEd e gpRguer 1160 o
perform th@ aBO\éeIég&ribhﬁpmwsl@ﬁf tHoReiveltl im@@d%%%uﬁﬁlhft.f n? a@lotkkri N
. Ste rior to outputtjng in ste .. , owever ,.
embodimgp, gz else A PH Ik tie SeRarmbts: Op &till ahofhermabodiment, the

captured &gt ddt@nieuiThRY sRhplg YeaRitdEithadif Ble GipRAIRGHRES 11406 In another
the docunent is rotated in step 385 prior to

memory Ipr¢R ARG At cAuRlEd P BoeMPHED ez PrateEsipgagch & statieary camera system
can be plac¥das§frti oF aSls8Ps \%gﬁcs%@i%ﬁ isli BPet Psp1d iR faRat i ons of

steps 380 and 375. The new docunent” inmage is then
[0074] o khsir megeverakadvantages of WilizBig pstationary samerasystem astdpposed to a

. . . . 1
freeform ?#Eﬁmpoﬁgﬁg?goﬁl%gzﬁﬁg Mtlg’t%rg ARLYLEY steth, e J}S&txﬁg of

' mcamera o digit canera. As an alternative
perspectivhdistorfior aiay e reiduced snceasthe dacument iy moankely s b¢ penpamdicular and
tur e i.nage ocunents. Fiqure 11
centered §ERIICEY Bnt BufARIUES thD8aiPROSIAO TR S mBl B I aitohw the
system tof wattec agiustr fonlpna déboartine,sinderthg distange bbtiveeen tiieockinmeratind the lens
ot ocupgent, 1110.i s,,pl ac on t,he base 1120 qof the

used will pdend 6 {FERpy rhdveih® 0 BEE o ol FRBS iRy Poost pframeters.
Another pdientsa) ateantage would bpne rediice the distdrtions @reatadhbycd caragra flash. Ina

have .t he vant age facilitating the se nt at.i.on
preferred oaisaenn e ARAGHGI L0 /35 1o Gine SR iR I B BASHCHetbp s to
reduce glae dndetidralislodtiba cresttid®y samerdflusiesa canera 1140 and
00751l R 5 RS S B P R B, s systems i
not alwayseEpradiical or avaslhble tfabingny dbeurhdr b gidg FBYdDThid, aGREthod of
anywhere on the base 1120 or stand 1130. I n anot her

removingJagqdistortion causedivia wamed spate of i imaged fornsRE ot bprk even
when the B8 ge klodBuréd &t ablikhd AngleRvailld bk cRREGHhESusEMP O eRWarping
process dEashc%bleld %tc]ltolvy 1% éosnngcetPo%r“arittﬁ Figs. 14-22 provides such a distortion removal
process. A detailed description of a preferred embodiment for dewarping captured images of
books and other documents and, if required, removing perspective distortion from such images,

is described in connection with Figs. 14-22 below.
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fromthe base 1120 or stand 1130. The stationary
systemis then coupled to a conputer 1160 to perform

wo b@7atzse- descri bed processing of the recei vepCT/oB®O7/005492
docunent. In another enbodi nent, the conputer may al so
be built into the apparatus. In still another
enbodi nent, the captured i mage docunent nay sinply be
stored either in the digital camera 1140 or in another
menory source and | ater coupled to a conmputer for

[0076] PrEfeRRWaRting PrSRsPoftig! | PRAY be(RERIG tﬁyaiseanls@fbnk@vm steps 240,
pl aced as part_of a user's workstation in,

350 descidbesdhghoxe in figst 7 pad 3. pdtsmativelye itenay ke ysodas A stand—alone imaging
processm%Ci&ﬁﬂﬁcflg:eér Smbihkd WA \Gle tedlsips OF Ao m@ﬁf&@g Best¥BLE A @hnection
posed fo a freeformcanera. For exanple, in
with FlgSug iand 3 ingluding end emapse ctfaheeﬁtapmfsteementanenan@ imageérientation.
P
0077 PEHRRRGis Biotkld ér{(%{h e O pg,g%@sgg thrt 866, Wifich collectively
transformcamimeagecf\ai w:hpcé ép@muem oo a herrespopdinglimage of theefthttiehédbdgcument.

t Y he to ow the sstemto
This is aC%a%&’ P?ﬁ efdabgl ens ret'|mcz)11 ed g?cnce hl}re d%g pryed g0 %@i’ﬁé%f‘?’swm to
a Cartesmd‘lﬁ)omdmm’eaysmm lrhsieb eﬁsbfmISedm&el based déwatping ploeeshy curved

cooninal G H08 0250 1 U5 00, SRBLOHL T £ LS, o

that is to be ransfoinial. dnnmqfn @htsclﬁwecamddmmeaae@ aABBisstididRA to Fdinfa

referred e nt h i 50 of the . .
rectangul %%qrélﬁaweﬁg‘? Bh @ﬁ? FRBrldarestngule goordigiscnet 134 in

Fig. 19xsgdd@is@emcgeaéﬂawmﬂa<§ﬁaéd i'&ﬂﬁgﬁlaﬁa&&dnrﬁk £ 186 As EhaWwh &5Fig. 21.
0075] .. Al though the use of a stationary camera system

Rectanguiarcogidinats netabiods peqfesablyywellprorsrtionedse thatigmpse gistortion caused

by warpif @Pﬁhb %l:urﬁén@f?glmgd ifha %ea afiR DY AR UAE PLrshERYE B the camera is
needs. rermwnfglrraedlstortlon

reduced, E@@@é@ywb%%béed%q%f andempfe pratearshiy eemplsielreemovad.
[0078] DQAvEY ESHrASR: e 32 mfg h§ csaphggsqﬂleg;fegﬁ@ne Bli guey7 39 and the
angl e woul d be extrenely usefu pi ng’ process
y-axis 32¢ bmersepyagnts 8B o3¢ 37- %%memqr@w of 2 perfis @ conetutedt, rather than
I
paraitl, B8 455 Sl PLOLIL 1L IR HRE G581 ) fecrce
ona comuwpmanshmgrrwgasvlmth bmxkshawd simch é@ris dotidessfitbe ﬁguke Tnus in the

1llustrate<§ gr%ﬁ!)c'ilmeht t c\>/1{cn efét i S%%}nlﬁ\é%tﬁloaa\%i-hg %egrrg&[g s%g%éted from each
other on ﬁheir@an{)ﬂﬂicﬁiloﬂ'dmddemapmﬂ gngre eroesls tokadh ¢therlén theit tbe portions.

rtion renova t eps .240, 35
Further, (R L el UL R G BN i T A B 12 vBigRgormpiponds to the
center of tayintaged bock,ake spast dotvezhdine stEGAS Qéﬁl@ﬁﬂﬁ}fﬁﬁ}ﬁer they are away
of the

tech conbined with sel ect st
from the Yo Fec e BBEF FFORBHULR BB 1P BG 1 Erep] tyan the space
between thBGH-axdé BY afd En@kegiiint 381 Altheudht BB a9é a HEMBRNSPnbMOdSA At may be
e orientation. [0Q077],. The dewar pi ng process _shown

used for qpﬁ?»%p@ an iapreaﬁﬁtﬁcgé‘gedtoﬁpgién%tﬁ Bpis1 S iRiaamage 1 &L of g ayagped

document, @0 preTefit@etiiad @réddesdriv@l RAwaR eoRRtioh Vith Figs. 15-17. In one
correspondln image of the flattened docunent
embodiment, the concurrent line segments 33, 34, 37-39 and the y-axis 32 of the curved

coordinate net 132 are determined from the coordinates of the comers of the imaged book pages.
The advantage of this technique is that it is independent of text in the captured image and thus

allows pages that include images or formulas to be dewarped.
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This is acconplished by transform ng the imged
docunent from a curved coordi nate systemto a
wde ot eshen coordinate system In step 10 of the@r/us2007/005492
nodel - based dewar pi ng process, a curved coordi nate net
132, as best seen in Fig. 18, is applied to an inmage
131 of the warped docunent that is to be transforned.
In step 11, the curved coordinate net 132 is stretched
to forma rectangul ar coordi nate net 134 as shown in

[0079] F'Fgr eé&r pdifk RER. 182 its t6&LPRAYING cobRRALE BR G AHsiahIBoidinate
IS adjusted to generate an adjusted

system cmé@tcmgigriam fanshngits xand w@pomtasremmlynowvg cupved coordinate

. el LY PO’
v 132 LB O 80 o i Gl SLBRL P, e 1
along the waapqu B@;, sbrbutdﬂmvdmnsmﬂx—owrgmad When rgeeted o @rnoaubstorted
image. Atlso kﬂ 1&23%&% \éa%{lg f | Qc? lx%g @&%dt%&o&%ﬁ? gd:!xrlse lelrna lg 18, should
have the samq)y-ebmidmatenm/m d{sﬁﬁt‘éﬂ]xm@gﬂ: vhdoxmmnlmbd)mbm nm:x-a:&i}dmate of

each pixei H% | g}a]ggd %32? d%glsdgg bﬁglﬁ%g]%ge r}u}? rorgfg 4§m§;18r3;§pomg through that
pixel and fitetseotngOivith tB@bd)t&ﬁn @ﬂgd:b&’lﬁﬂlthé &bk pagé ticimdgbds 1. The distance

aral | el S ener g | end i.n the
between ‘E‘F :“é‘E’ESF?)‘i‘P”o‘f“‘f1 ‘hg ?ﬁ 53‘5 I%ﬁg“mfajﬂa erﬂefxe’rf"‘é‘éf’d’(‘""on a
[0080] CHBWVeY aﬂis&hbxﬁg:oﬁﬁiléﬁ toeterhhihSthe Gt csoh@nbiteIfRGeh pixel &n the
outside of _the figure. Thus, in the illustrated

curved coordipafemshi 32-tPpe Ieeﬁ'?ea thas may] beised dstoedivide gach efjthe sonayrent

straight-1iRE Qe fBESRs S8PM, a7e1h thafERIERCH tRE BRECtRIA Ji11RE §-RM 3DiMo many small
ortions and are spaced nore closely to each other on

sections. g;(gé, 70 argh22 arerysshd in explaining thisguacess Fige 20 gpists projection of the

book imagé' EYithdge® jls(tsﬂéﬁﬁtﬁ igN B8 orl (38hY pAYd SirBle 1WDLE the book that was
orresponds center of the Trmaged book, th

imaged. é,!ih@veglbmm@el?m anb Qe pIe lncated at gve af appesing pph@rs of the page

surface lif' %\,/\}Sg{’] %F ?\ﬁ{gé(rg{é)%rgrgﬂﬁ%t?f%cag?gﬁgéa%ed JM? &oglﬁ}% Stgg‘ft curved edge

144 and Q(uamlobeted/aeﬁletmwrs;ctaon of tBe lian degmm; oneghieh P(:3dies and the bottom
| t ere t hod

curved edl“ge lgggrqlghe %a ( suﬁ%gea§4i]agg$)oparxllnea ﬁlg% ?c{/ EQE Oor(gfyéa?ngwn an image

131. 132 to an imge 131 of a marped docunent,

th d b |
fous11 15 ¢ SR8y or P e R S8 e R E?oﬁg‘ép furved
coordinatk inee1 XeiiFigt 58 B3cor4pordiing@Bnasegnidie PYQ' @9 oh tB2 page $uiface 142 of

. cur ved oordlnate ne a term.ned fromt ]
the imagedhos 1S SERERLRhas U bfE: DAL PhUGAT B0 S Agasd extends in
the directidicofatly @FHXQQEQ Qﬁd ﬁﬂiﬁ SeghRahPQEIsithe biddctibh of $'Q' 39 on to the page

wtce 17 BRSBTS G i 22

correspoddﬁwhﬁe GeénQéWtQ’]Q k9 bn @aciecapilhr hét 184dn FiB.191 t s
caorrespondi ng coordinate on_a Cartesi an _coordi nate

[0082] sy Hsiftine dpesr el Fig; 22; B apmgspongs 1o thedenp 66 which is used to

capture tHéCIﬁ{a%b N34 &f theSSapRGUHYUG V42 GNh NBagdd R, TRE bsﬂnmtaﬁlsrmens 66,
Further, every point on the sanme |ine se

which coy(rgsl:{?nds tq the zséggqré.ﬁtn igP2,3nterseptspmgge plang 6844 amgl page surface
142 at R.YH3HUT arthe SBHP AR IS ® dnli éﬁ'ﬁ?e Zakid %Bdieﬂﬁéc%ivy}e‘?hus if ZPRH =

recovered into a non-distort
0, by geometry, the following equations may be derlved
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I mge. Al so, every point on the sanme curved |ine
segnment along the x-axis 3 1 in Fig. 18, should have
wo fe75@3® Y- coordinate in a non-distorted i magecT/US20065492
enbodi nent, the x-coordinate of each pixel on the
i maged page is decided by drawing a line fromthe
vani shi ng point through that pixel and intersecting
with the bottom edge 35 of the book page in inmage 131.
The di stance between the intersection and the y-axis
St2 i prdhen gbe ppoordinate of that pixel. [0080]
W 't—il—st conplex to determ ne the
y- coofdi natg of ®ach pi xel on the curved coordi nate
net 132. One nethod that may be used is to divide each
To solve fidr RO concurrent straight-line segnments 33, 34, 37-39
that extend in the direction of the y-axis 32 into
szgyS@m‘insthﬂsﬁsﬂ Fi g2 - PRsiagd 22 are useful in
plaiggng thig ¥QCeSSgrR PRcosy depi cts a proj ect i(bh
of the book image in imge 131 (shown in Fig. 18) on _
to the page surface 142 of the hook that was imaged.
Further, by %eﬁéﬁfggo pob SEs= B R'P e Which inthe y-epoadipatenf poys Pom Fig. 18, PR
= Yp, whit R B PADOREN£E bf ?6%% P;in Fhe 1928n %Hﬁitﬁﬁglié% bd fevirittdn®s

be undeéerstood tha X) can be | ocated any poi nt on
the top curved edge 144 and (x) is located at the
yJ,Qtﬁﬁg_ékEﬁDn of the |ine segment on which P(x) |iegy

andd thecdsdfl t om curved edge 146 of the page surface
142. The sane applies to P (x) and Q (x) shown in

[ 131. [0081], Fig. 22.is a side view of the
Here 1, &, SRAEca b copSiarel condanis It o efim6E g 8 Bsaigizom the camera
lens 66 tco@iy poiat on et bobkas ihe dain. Thérefore CYuaSH®) Fan Be lsinislified by
letti segnent P'Q 49 on the page surface 142 of the imged
St0g  hook. Thus, line segment P Q 39 in Fig. 22 is on the
i mge plane 67 and extends in the direction of the
y-axds 32 anebdd ne segment PQ 49 is the projection of
9P Qi 0N thghpe page surface 142. It shoul d be noted
that [1ne ségnmnent PQ 49 on the page surface 142 in
Substitutingg. andsd ks equation €2)rends in@qlativh @ebeleat. PQ 49 on t he
rectangular net 134 in Fig. 19. [0082] In the
yheoj8ttion diagramof Fig. 22, S corresponds to thgs)
| er5+@8 which is used to capture the i mage 131 of the
page surface.142 of the i mged book. The optical axis
Equation g%) is %U%fo%hﬁn@ti&? fdr&Ré g-r}:gér&u?at%)ﬁgt\%'eﬁ)ﬁ a§1d€}5 algé&isly, by
, i ntersects 1 mge plan a and page surface
setting Q'12 yat, QR =hqaheh an equatiph §orf Qaind §Yican be dérivedand Q on
the z-axis 65, respectively. Thus, if PRH = q, by
geomgtry, the foll owi ng equations may be derived: SO

quimOQO:and-:-- SHPH SI Q @)

Referring back to Fig. 19, let Py, Py, P2, ...P, be n+1 points separated evenly on line segment PQ
49. Each point P; has a y coordinate which can be represented by the y coordinates of point P

and point Q. For each point P;, we have:

i
Yi =Yg+ ; Op-Yo)
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To solve for PO = SOPH _ SOPRsin g = SO PRsin q SH
SR +RH SR +PRcosq Further, by setting SO = f, SR = d,
w&36a7A0381 ., Which is the y-coordinate of pOlntPéﬁﬂ&ﬂmwmsan

Fig. 18, PR = yp, which is the y-coordinate of point P

in Fig. 19, then equation (1) can be rewitten as sin

d +yPcos g Here f, d, and q can be consi dered

constants if it is assuned that the distance fromthe

camera lens 66 to every point on the book is the sane.
where i is @elr 9f or f. CSHl'B%hQ Wlt@x@qtﬁﬁf}n ?@ %'HBL»J ‘%.llq}{e &%BBH‘&th on the

, co0s’/sin g f snq Substitu I nto”equation
image plane)Pok, 8suP1ss - PR equat i on (3) be|OMI Equatlon (3) is the

transform function for the y-coordi nate between P and

P1. al ogously, by setting QQOyq , QR = yg then an
Meﬂ for Qand Q can be derived: Referring back)
aFf&” 19, let Po, Pi, , .P n be n+l points

t
085 BNt o800 B0 B B e
line segme;o@radimrrmhes'-a;ﬁs pbe dispfepartnpbicptangulafuet 184dh Fpmlll?tls Ebt .up by
pixel-to- elhﬁé’p‘j) Xg&f& t!he cﬁrv%d cgiofdzrialtef nft't 139; of goo%nbl gm ng with

now have inates on the
[0084] i n@@mughahﬂ‘:‘relé&ngulai?nét, 13Rdh Fig. 1Drhas parai-lebyerbaﬂaﬁl}a selgmegts 43-44,

5 | ded t
174 AIAR b Do SRS 1R b i S a7
are largerythaix il sphbxebetivepr ppaist 4m|ﬁ1| lnfe@ékﬁhﬂﬁumi Theedfork3 thel d’éxt step 12 in
[ 19 t [ - t [ romthe
the dewaigifk o5 i DS P e%*fe%fk?*ge porallcl Vo ling BHRRRES 43. 44,

47-49 ofﬂfé&iﬂ;ﬁ@;ﬁc&ﬁ@ﬂi}&téctaﬂgulér%t g4 Fig. 19 has parallel
rtical I|ne segnents 43-44, 47-49 and parallel

(0085] p Refsrpinese Fig de: Cpgiien the baok supface pithe pagease eylinder-like surface,

if the boo|k|1§‘ QieWRATRIth $hetBotdifl sitlé, REROUIARSRY a HPRLurR 9438 GBrface 91 and a
etween y-axis 42 and |1 ne segnent 4 Therefore, the

left Curveﬁl@;ese surgire2. ImFigh 23 dbakpok pring BB delosated at thesuigimsand the book is
located oWﬂfg Hybpineefle bBSk Bk dli&!83Y 84 hicdbown' ARIEEFIRNYid& ABw. Line

segment P,,Qa 89 is also shown as a dot that has a distance b,q 86 from PQ 90 (also shown as a
dot) on the x-axis 81. To consider the right page and left page separately, we use an
undetermined function b(x) 82 may be used to represent every point on the right curved book
page surface 91. Therefore, at the origin point 80, (0) = 0.

[0086] Referring to Fig. 24 for a detailed description of the adjustment for the lens to object
distance. In Fig. 24, P,Q, 78 is a line segment on the curved page surface 142 and R, is the point
on the intersection of P,Q, 78 and the z-axis 75. P,Q, 78 and z-axis 75 form an angle of 6 71.
The adjusted line segment P,Q, 78 is parallel to PQ 74 where line segment PQ 74 intersects the
z-axis 75 at R. The distance between line segment PQ 74 and line segment P,Q, 78 is bpq 72.
Therefore, by trigonometry, the length of line segment R.R 73 is bpg/sin6.

[0087] Referring back to Fig. 22, we can now adjust the distance from the lens 66 to page
surface 142 by subtracting b(x)/sin@ from SR since there is a distance from the page surface 142
to the table except at the book spine and book side edges. As a result, d(x) = d(0) - b(x)/sin®.
Substituting this equation into equation (2), yields:
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47-49 of the disproportional rectangular net 134.

[0085] Referring to Fig. 23, consider the book surface
w®looties2page as a cylinder-1like surface, if thachHo9koi/csq92

viewed fromthe bottomside, it should have a right

curved page surface 9 1 and a left curved page surface

92. In Fig. 23, the book spine 80 is |ocated at the

origin and the book is |located on the x-y plane. The

book si de edges 83, 84 are shown as dots from side

view. Line sgomeat PaQa 89 is also shown as a dot that

yﬁ(aé—a—@me—%zﬁ—?om PQ 90 (al so shown as a dot)
on t +a&f’%s%— S&nsi der the ri ght page and |eft
ge se}gar ately, gaigge an undet eﬁm,ﬁ@d function b(x)
ot PN the right

curved boo;EEESai cos{? gg’ésgn% 'ﬂ@?gfyﬁ?es at the origin
poi nt 80, b(0) = 0.45[HEB6] Referrlng to Fig. 24 for a
det ar t for the lens to
obj ect @ISt A feaTI O 4039 - is aline segnent
on the curved page surface 142 and Ris the point on
Assuming lteat b)) ersect peos®f PaQa 78 and the z-axis 75. PaQa 78
and z-axis 75 forman angle of g 71. The adjusted line
segment PaQa 78 IS rallel to PQ 74 where |ine

YARHEHD) £ Xis 75 at R The
di stance b@i(ﬁkém%&@é(@@bﬁemosrﬂ(b 74 and |ine segnent

: LS| 72. Therefore, by trigononetry, the
@%’(’F{g fftl'%gg) segnent R R 73 is bpg/sing. [0087] (©)

Referrin ac can now adj ust the

where C {yagaasiagt fpgp ke P afd veaer SoRgants Ny the mage bfycaptured And
suptr tlng (x)/S|nqfromSRsmcetherels

Vo) is the ’é‘% gtien ghiopifdepfevhich hascheen docided imiten 40638y ppplying
at the book spine and book side edges. As a result,

equation é@x?“e-cad’(@)“’ S°’U€£‘)‘/t§¥h g. Substituting this equation
into equation (2), yields:y,( x) J(O +yPcos q - b(x)

[00ss] ! l*ééféhﬂ;gJAAE’ﬁ kOFLL. DYPBE R &é’?ﬁﬁm)a beXiivided xlx(t@)naﬁy)éﬁ’l%fl%g ents.

-b{Xx)! sing J§O) + cos = ( (O +yPcos <9)(J(
For each $.mgg segmeny(AX §7 en x-axiydl lg}mrggs 3 mespgrqung arf 88 ¢gppagegpurface 91.
2. 12
The lengtthQh% arg 8 bz%pg} %é%@%?&g .°?}g81§; %)nes uglﬁt?s(é?n é— eAE% (% if Ax is
very smalj. J )bp’ lattingd (%) covnsnaadite ﬂmﬂcagﬂlmanwagﬁomsh@apgmri?@do any

point on t?i@qmge surface 91, then the following equation can be written:

j6) = [adre = [T+ d(x) - be)/ dx - dx
A similar formula may be written for page surface 92. Once j(x) is obtained, the rectangular net

134 in Fig. 19 can be adjusted to a well-proportioned rectangular net 136 as shown in Fig. 21.

[0089] In Fig. 21, the book page shows the result of a de-warping transform from the book
page in Fig. 18. These results were obtained using an image with a resolution of 2304 x 1704 and
proximately 200 dpi. The distance between the lens and the page surface was about 50 cm. The
angle between the lens and book surface was less than 30 degrees. Further, the resulting OCR

rate was about 90%.
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yP (x) is the line function of top edge 36 which has
been decided in step 320, 335. By applying equation

wd fo7/1633€ can now sol ve for b(x). [0088] Referpdmngsioanssqoz
to Fig. 23, the x-axis 8 1 may be divided into many
smal | segments. For each small segnent Dx 87 on x-axis
81, there is a corresponding arc 88 on page surface
91. The length of the arc 88 approached a val ue DArc
which is equal to (Dx2 + Db2(x))1/2 if Dx is very

[0090] S™While tHUbove RisdritfelidadaliXg pFiRESSRHRY beltOviidiant %Qaéé?ound isa

of an arc fromthe origin 80 to any point on the pa
dark colog, gtherchackgroupgdemay be emploxsdi Ahe dejvarpingrenabediment just escribed i is

T
perspective dismm'bmﬁe gven when ﬁmlmggdl decumagnt tGrpriseshiekptivély fewrtextdines.
[0091] gﬂo etfgr(?ei%eﬂloﬁolﬂ F%g%ﬁ{g}thg E&rqreﬁ ggﬁr%nr?%é ﬁ%: gtls %Iig d&3cribed in

connecncsimmthgselﬁeadllltS of a de-warpi ng transformfromthe

100921 PheRERpkkpflpene prtcarhbropisany S ot 2af Bigutarty when

the book ji¥ thidkyahd|ag a:}eﬁdd e teXhitnedibet @mne euved Vieahe triwxddaiﬁ?@nrb the

th f s abaut 50 cm e t ween
ongest S PRHEo SR 35 M55 AR3B w28 £ Bausthin Ry ST el

separated; Wrigd&ilinek D€ tex@ S thbh PErféaitd] dhtchatudas b®0%%d BQ20rate the
Wi | e the above-descri bed dewar pi ng process works best

curved cqgrdinateriet Bddkgr ound is a dark col or, other backgrounds

[0093] NEPhelBe®BR oY Etbratit}erhd %wealcaercﬁﬁmeﬂétnmtshbwm Fig. 15 includes
described is very useful for renoving distortions from

four majogrftensaliatt @ 86D REX! AreascerasntaBem | duvsedito sepazstg the area in a stored
image of B@o%ﬁ%‘ﬁéé at gér?t&l?ig Réx‘i’ NSecofd ec{‘st%gﬂotzﬁeddfegﬁ?ﬁ gnl%%%@&b is used

onpri ses rel ativel fewtext nes
to reveal ﬁreehlédqﬂe@xrrbmwo@hfr@ra iguhlineedtragtiom step driy seedotomstimatet aeskelcton

curve for%%gh g-%g llt’l%. O%Wa%\%ge%rlg P%ég Olkx@ Icgﬂ%y?l?ﬁté% %%{ 11'3 t&sgci & ele%?a suitable

polynomil fifrgties te ;qpircsahﬂ the text hipes.| i e f I at, parti cuI ar I y when
oosa) {15 RO RO e 80 150 ool 8 BSpomorise
large ared oﬁhegtlt(sf)acteevtith sasma datknagetqragefigires badaleordesto separate the text
. transfor on ..t nost. w del y .separ at
acea in st R8P b ISt PR L oek ERFAoE traghiRip i he
thumbnallll mt tobigeln e atlt tﬁe bbelmame ﬁeﬁmhﬁng #iecori@halliddge b&Qﬁﬁﬂ:
he net hod of t e .cy coQr di nat e _net
otherwise gt g SEpto W 5t Y Hedhranrah ise. douien PRF§ikle to geadily scarch
for the lafdegcddneted twmepaxeq@ GVTRER Rl @dsh gbﬁd @€ pafe BRAJT Mcimaged book
the,gﬁea in a stored image of page that

or documepy Biif BrqcEst SePaEias e imags @ah%Po%e%ae idogpmegifrom its
backgroufid IR B BEnsAnitss aSAtkmative method of performing the segmentation steps

230, 335. Once the book page or document is separated from its background, the text area on the

imaged page is identified. To accomplish this, another thumbnail may be generated, preferably
using an inverse sampling method, namely, each pixel in the thumbnail is set to white if it is in
the imaged page area and the area it covers in the original image has a high intensity variance

and at least one dark pixel. As a result, white areas in this thumbnail represent the text areas in

the original image. In another embodiment illustrated in Fig. 25, a thumbnail 450 is generated
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to reveal the hidden text lines. Third, a text line

extraction step 3 is used to estimate a skel eton curve
wo o7/4@ek text line. The last step is text |inacT/uS2007/005492

collection 4, which is used to select a suitable

pol ynom al function to represent the text |ines.

[0094] In one enbodi nent, the text area of an inmaged

docunent is assuned to conprise a |arge area of |ight

space with sone dark characters or figures on it. In

wherein QfcHPixel n BRARIARail BS0 IRl 018k # 1t i8 ifthelpagd aﬁﬁaﬂnh the area it
sizé thunbnail of the original inmage is generated

covers ingthe priginalimags hap e highyintensity vedansetand ot lsasicdae; darlgpixel. |4 a result,
are
black arcfl HAhE thidbniil 45 PSRRI o' s B | P TRREC 21 0,
[0095] t mmm fexit pregds Obtlamesl tha¢ext pomsicpinentation g 1 iy rexlyrtolbe
b ich will . .
performetiof'hlté Sse %Jﬁ)g{: ?ﬁ? Hxﬁ&%pglﬁgﬁ g?ael%gé 8%1?1'{ Eﬁe ﬁﬁ#ﬁf 0 IboC gtge\%o {rvook, which will
typically domprmcntwo phges. hn:osle«s asefekfm ad@semimg c:olmms aff texthen dvinkaged

or,.document from.ts and t.hu
pase. In GRAGHRAPRES T eerePRioh S ALY HiSH Hot“opaPe I tgmppe! 450 along
vertical lﬁegmt)ﬁthe@ags beadn aDthudhdhail Qﬂ%@ 45’0&050?(1@ ﬁﬂ@gzﬁfs between text
ocument ar at e omits background,, the text
areas by drigehngWheB @éﬂ‘xﬁg@fré&i: UER S A FovhitecRingl (Ps flark pixel if

the 1nver§JBa§hpl§h@Qﬁ$tﬁéd iwsehnaiflthd@mswee 1535%53&{\@ n i &ltRE Bkial line is
u5|ng an inverse sanpling neth nanel y, each pixe

lying on § g2 REFERT N ATo6- /4 PEWET seShRId will §ePRtate fpopticrtreas (c.g., one
imaged pap@f8fh Qﬁ%r aﬁﬁ%e@ﬁ,sﬂgetmxﬁ%apa!ges 6P¥ 858k 4R chPfired in the same
ori gi nal |nage as a high intensity variance and at
image anffoz spmg ge %ﬂ@fr}%@n thpSarge preagedipagehi te areas in this
t I [
[0096] le'ﬁHﬂl 2 166 n%&%uﬁ%ﬁﬁ%mfi‘{ ﬁn%gﬁr?lgal??&?fo% 81 A gugh people
read bOOkSh'warba(l line451meresls gergepmetidahkbinegsiin agexttingi kl@teadnpetolpb: understand
that two &1@%@1{9 @iaira 4115,1% Befl"or%elfo tLQ sﬂ@ﬁe&t 11{1%Bécal1§e 6ﬂhf: ngs‘?é& chf characters,
area and the areadt covers in I
their direatldmsg bnd mcensamyngv dlowevee, aacuoinmtted dmshookmowl ﬂtekdmacneh of
resu t a in.this.th nail. 450 ]
character 3nf efiedingy 356 oAhS AT avglati R eh imagerracegsis the local
directionAff thiratthes Hased onkledr densities.dnoad enibodirh@it] thal&al du‘ectlon
1is.re erforned Thi

T R TENT
each chaﬁb&ﬂ&dg bGQKow&t\/ﬁIﬂHWdHaMof fa)pl%d‘e@i fdl' peHoRhingahé Y6taPdig&tion

S for segment| n colums of text on an
emmcem%@@ﬁ%pﬁgé&ﬁﬁ&@ﬁﬁo’gﬂ‘%g‘?%%s %Phe segmentation is
[0097] quxf's@ ragest e SSRGS ddedtin s&efwmrﬁhterﬁﬁgpédf%%d&%r&t&ame height
s 454 of the page area in the th nai |l inmage

of text hlteé %&"e“ﬁ‘gli‘typ e ligiep ds apimpaztant agtorin é%%ymeee%hé@pmgesswn rate

for the nédi §leP@ LEEP ¥, ﬁ’ie)iﬁ]kut(?ﬁlaé@% o%ﬁiﬁeéé@& hh&ednvettBe 1ﬂt§ a"’bmary image.
white pixel (or rk pixel the inverse sanpling

Next, in step h gdrocessiisapd tcr Forpwete apd ﬁelaanics apb@wmv@atmevhlph gepresents the
local direéefibh B?eé&rﬂlkaq}l ah'u'ﬂg%]é 9n lo){é ngle@inﬁ:ng D& %ﬁ%ﬁ@f’ ineéddirectional

area. A pr oper thres separ ate nost text areas

templateg gre gised wrrstimatrydg qmgfeorf f%wadnmhle Aftertlapedirgssign-matan is
calculated Y6t 388 ‘f)ﬁ{e?,fa s"?n&ﬁﬂl*ﬁgaaﬁforﬁﬁ’rﬂtly L?eql tb %hmgatg‘ A8%e in the matrix. In step

8, a direction-matrix-based enhancement is performed. The direction-matrix and the original

image are used to do local direction enhancement so as to eliminate any gaps between words in
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I mage and/or some colums of text on the sanme inmaged
page). [0096] In step 2, a local direction enhancenent
wo soopticsher abl y performed. Al though peopl e readp®OO§507/005492
“line by line," there is no geonetrical lines in a
text line. Instead, people understand that two
different characters belong to the sane text line
because of the densities of characters, their
directions, and text neani ngs. However, a conputer
the same @€ $in8Q@hd m%)t Béhesite 8 ebh@iuck t&h @irn@CA%@y &k iRk is obtained

meani ngs.. The only information available for an inmage
from the 5\9@@&%? ¢dsenhigacqragny presiesse Mhighis subsaqnenibt riosessed @dthe text line
emnmuOggwbthquep§ltles I n one enbodi nent, the | ocal

di recti on enhancenent step 2 is perforned to revea
[0098] t Ha the teart line extradtionstepdy theompage ifrgn step 2de nenverid intb a binary

f

image. AR SABEBALFFor chlRoe b8 <R 611 818 n%g%gﬁ%c@%?%ﬂ%?wemm
step 2 is pioividedfbglavher contai ns four sub-steps. [0097] First, a

o090 S fL OB SEREFIRTRED ol i LS5 Bbes s sencring

a thumbda'dilgiage sifnitazxé tHat nsrsl inshatext aea ubtanﬁofi Eteﬁ @r Inbne embodlment a

te f
bl Gl R K TR o U b bt ol 8GR 1 apsed. e
text area isthen dl\bdle“dﬂlh);b 4 phgality NEXihallérseginefits 7 Thigis On\m&xtddsusih‘gel@igs 26A

e. and enhance a ction-matrix,
and 268., Big7 38R deBici ool arerteh 460 PLR O T0AGh et dapigis @ hombnail
image ofltlliﬁiﬂl@agehﬂ M@mleﬁaﬂihunﬂjmﬂl%ﬂ cbhegtﬁfnun@cko a segment 460 of text
di recti onal npl ates are used to estinmate

area, a regfapgylar YHPE ef pefaksrflﬁa ip dhe centrapportiqn of thee@pm@nalhﬂéf isgelected.
This recth‘fgu@ﬁ'sﬁiﬁ@éﬁﬂxél@ 462 e firatity set"ilo APOIHRI sBthe He it 'a§ B{E‘ sefment 460

used t limnate noise inthe mtrix. In step 8
of text argg wé@mw%neﬂ; Sutipaefernblawrenpisaenty 1/32 pieerwmﬂmﬂthem@le segment
460. Eac‘ﬂ' rE&Qﬁélﬁﬁ‘r émloé .9 ﬁﬂﬁeﬁ YenREd Qér[i@éll)J ﬂ@xgl(%oﬁ‘l&(?béﬁcﬁg v&h%n@ganmng
l'ocal direction enhancenent so as ‘to elimnate an
each rectgpgydaristiipeedt Widhets i3 apixel whieh is eonsidererdbtoagoastituesy teby every pixel in
y
e same SERZG LRSI QAT 8L oL 0 6, BV TRR e IRl
areas 466nnay he Lgsn@albde}qthm theystppe)m $aded on tHessche v f sthpa d62, the number of
pixel linegf_t érgfé:alk gehQS C{n%pol%pk 1ﬁé:l 39e count c{r gr?n gg%lggn,zt}lfg t%l(e}ﬁ.{%llﬁrg text lines
C is countert. T hardfoneaa youghnig:@ht Af om anés He&:rrelam teanadealis &pahtooL/C for that
ot s R 8 SR B ok 5Bt Bk may b eptea wiite

filtering drnt eliesedivley withea L,@(t/alhd: pezathr SHanR1g. Thisefitdring stéeipap bolised to get

i ot i s kSRR o e AT i B TS LTS e same

manner, t]:e alérap epz&BTBJBHtWEé}I texBlihd3UARNBE LalblB@E. MLEY tHesdibtahde, between
nes _hi gher P@vertlcal resolution than that in step

text lmesis?‘g‘ﬂi%gﬁsuﬁg @4 Hrea is then divided into a

[00100] PlIH rsprlFé of F{% %nﬂ prBEess €QPENpRss thRlidptImald bed EGHVRH it into a binary
usi n |
map is preferably per ormed Based on the calculated distance between different text lines from

step 5, it is possible to select a compression rate such that the input image can be compressed so
that characters in the same line connect together, but characters not in the same line are

separated. In one embodiment, a local binary algorithm is then performed. First, the input image
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and 26B. Fig. 26A depicts a small segnment 460 of a
text image. Fig. 26B depicts a thunbnail inmge of the
wo B®gR0I2®1 Fi g. 26A. For each thunbnail 464 PCT/US2007/005492

corresponding to a segnent 460 of text area, a
rectangul ar stripe of pixels 462 in the centra

portion of the thunbnail 464 is selected. This
rectangul ar stripe of pixels 462 is preferably set to
have the sane height as the segnent 460 of text area

is split m't&srﬁﬁ'l Ren R ééé&qhné)iéta Msika ot ?esggﬁ YRECTheR! fér é-éc'ﬁzwmdow the
he wi dt h of the whole s@&gent Each rect’angul ar

darkest P!?tell isgdentgied; K the graysvaiwmeldthe éatheétmlw is greaier pantasthreshold value,
or greatepﬂl% Q%MBQhﬁe%ﬁ{ﬁa BVt ﬁﬁﬁ?threea‘% gg %l‘ay yabld dffie églall Ivtfmdow then

ere 1s a plxe I'S consi to constitut
the gray value forgyenyypip¢hinithd samehwinslameis isetrto 206t @therwise) evefy pixel of the
y also be treated as text. Therefore, many
wmdowgéc angul ar areas 466 may be generated within the
[00101] stlnispp '74469F1gBE&,eq3roc1esB o campute ahd Stobthea daﬁéhtlohhﬂatnx is performed.

In one erigR g paper predelerincgh o dietiopdl ompfRiRS mik o wdge 15 stimate the
directionlat es&ch fix¢I1SFige AW dephe s5f autof tiie sﬁm@h9kﬂédgé‘dnoﬂﬁl fefplates that

v s ot g S S, TR S BRI A% e comerr

the 9x9 d@@bﬁmaawrﬁma@f47beeﬁ’e§edwme Rentr&REAS] &ehilhthé gight %fa?ﬂil&g(s 472
those lines with a L/C val ue greater t han

out
describe gdirection efdhe reptel ppxehafhise for &8 27 Adrepresents adptdine with a

vertical diiéetlo®Whilk €1gIL9E refraSer®dl 1dx@ BHE tilthe 4§ue<gﬁ AR ¥R Forlzdntal. The
the text height H In the sane manner e average

patterns %fﬁa% ether E?@td»@éﬂom% xemplates shatagayoee wse iy qu@mnguswam gan be

I
derived ﬁ;&g gge @@{Hgg&% g]?stt }éﬁced;i{etggﬁﬁal téxﬂéﬁttéssas §h6(91'13/ %gs?ﬁt(”g% e., the

gray blocks shiftealeckwise prgpbiy omﬁadﬁ ith tfapse gwmnt9xptdmentlmaé témplatey, the step 7
of comp\gi*lilg t},édfﬁp&ﬁfoﬁr,ﬂm é&?&ime%as ed on the cal cul ated

tance between ext lines fromstep 5, it
[00102] | FipsaSor &dch mmlseﬂm&ed pagrr esmanrsumtosf grajclevelhaludshie all

e har act.er.s, i.n
sixteen s ROVl P B0 R S0 PRSP B B Bl pype e
maximurbyairsmom, hnd eveta@ sepaf gtagdevdl values vﬁﬁblodnemabteda)y sum_max,
. 1 ocal Dbinar orit is then_.perforned First
sum_min, 58 s 2cabe Be Tty Fa T iR of BFAUGUEL VALES IS AeRigSEHeq by sum of
the centralgfixel €dark _mmk@sﬁd eighf pitxels ('gffugrblo&l@) derad byl sV thé KiRteen
diwcﬁon%arkegatE pi.xel ’ entified. If ﬂ\ﬂ gllr%%/ val ue of the
AFfeB&esp; Lg vafue of Sum SaxXTRBRFSEN Hicdigattplihg gigteep pums of gray
level vahﬂﬂ’se’ﬂh@{'altx@ 8fsuin SBRHOE Ghd HARROOOhY 8ixt@nBuHS df'@@a}al\éeél%ﬁxes The

f th |1 h
value of agjéxi? agégé ee@%;@fge Sﬁg{fggt%&é@yﬁggésvgﬂge:s %glrgc%on indicated

by the du@cﬁ&iél\ﬁtéiﬁpla@\/ﬂﬁlﬁh pietd toQhe bR Mﬂﬂ%e‘s $hat Bhe dtldl pixel is sitting
00101] step 7 of Fig. 16, process to conpute and

on a text ing, ahd, daem theenia picel 1S§e®re$qné%'@athal dirgqtignal template. For the
same reaﬁﬁ‘pﬂfy diRRtion MdXdR&NbPHRABIRL SRl %?ﬂ%& WhitR Gl @ the sum_max

npl ates. may be used to estimte the dlrectlon at
implies ﬂé’%\élPF gringzel pixed iggot sitmerorgefsxeling and diggction of Hee esinfrakbpirel is

representSd By thidt ARELESHA ten S TRe 3% {}psa'ihe direction of each pixel may be

determined.

-25-



may be used for performng step 7 of Fig. 16. In Figs.
27A-F, the black block 474 in the center of the 9x9
waolbdeqbizenal tenplate 470 represents the centrpdt/pk2087/005492
whil e the eight gray blocks 472 describe a direction
of the central pixel. Thus, for exanmple, Fig. 27A
represents a text line with a vertical direction while
Fig. 27E represents a text line tilting 45 degrees to
the horizontal. The patterns of the other ten
[00103] dilh@fk eRMRAUIrh&TPHR e chidiREf d"ﬁ)ﬁeh@ seAcd é?ﬁf tdYQvalue of the
step 7 can be derived fromthe trend of t |rs Six
pixel (u)oﬁgfaé/cwleﬁ &) asnfellawesif 93 s ovigug ﬂd)tr*ggmm “Fsyrn-ngin > 3*sum-
avg, thantthg dE&nlit %%xéh% sEt 6 ltﬁ’@!ﬁ\l\%aﬁ%n %@%@x@&?%cno%ttgmglat? which

t hese si xt een di rectiona ten‘p ates
yielded thesyputmang othrewitier thetdirsatiomer thg piree} ieet peﬂkchmulon of the 9x9

dlrectnonéllotgrt}lg?a]te &Hc%tyx?lﬁg sﬁ‘ﬁcxgup ' ’f‘l% Tslnﬂlaghedxhﬁ?igﬁ% F&gx rPlxel forms a

en suns ray tevel
directionghnatast iPI:weevsr,@imede l;heb;om]ﬂeusq oftcharacBx9irdbacdcitiiagaahe directions of

some 1xelesg¥x)a no% acrcnerega C}’I exaaFrr? slef:ilrect on o?%lon} use{nss for
P verage su gra ue 55 &8

revealmgdemtdirad Ayccﬁdlﬂigl}’axl; oﬁeJémbd)d’imeﬁde salowtlsxg a%roﬁthm is used to set the
directi dz ermne Each sun1ofﬂgfa l.evel. val ue
irection oL Yery Flt AP SHAF SPicANREIREXF the SeEte QieesTiRniTBisigen be done
by perforaifig @ivgtihg processs “(}@cﬂﬁmeh{s&ﬁkt&)ne gkt trAmby doeetic arhbi®s pixels in
|rect|o The val ue of sum max

| a
any Vem?aé,!ﬂ’sgﬁwﬁe e gttt th of fesr PRecbihthe same yertgablne.
[00104] | %%{ep\@biuﬁg 16, rheprﬁéésgeo 9&&&%&%&10&1%5&? babe] drtahcedent is

he_si xteen suns o0 | evel val ues. The val ue of
Performegu gy 48 fﬁ@ntir%ar&wé?fa'g forgHusiyaring ope emmvodismant oF ther digection-matrix

based enﬁﬁ%@rlnerYtaétéiﬁﬁ of -Fr 16i F %Qkﬁrhépmg £ ab@Ehnie. tlkig 28B depicts the

di recti onal ate ich yvields to the sum
dlrectlonmfﬁrl?( &@Wfﬁtﬁi fmm ﬂaf'emafgalshpw én Figs 2§Atfpllﬂglmeafqrem'eg the

direction! ,h{{ﬁxq,ggeé{ﬂé,{hgggé ngﬁtg{egg gfp%elpgr al pixel is represented

rectio For the sane reason, the
[00105] ¢ Keewmmthc difiectioreefl Whmh@l,caapeésﬁ) betatech ehphetes bdlmrgmg to the

same texy flr?é &?1 t;eoel farct %@?ﬂdj&‘] Acggmgﬁ% t h eav%reagﬁ%{he lgﬁaey value of each

Sittin g on
pixel wuh an ncghbqnﬂmed pn&:lsr apneseint acérz’cgcdtgnat value¢ ectepossant the pixel. Then,

t.he direct ch el ma .
o e 401400 AP k35 B 5L ORI RO B
the gray wflues ip axesrhgedswﬁhte@m poeiyAssesrotib e fgpralis paddess, Gliost BEps between
v B 0850 it P bt
theenhartchéndage&ﬂiomnn&hgtm pixel is set to the direction of
|rect ich yielded the

9x9
[00106] ﬂfﬁfﬁ%%g EFG hiEo L. i aten of bt Fof efeciiog IS POM ysgd @ pstimate the

skeleton &wrvé figr dth 6t 1i08 réfealelién heSrevioRE stepNRefrAAP tcﬁFi% PHA Ctlﬂe text
ed summp. The estinmated direction at each pi xel

lines 490ff8Y%fﬂdamdh? BRI SHRT 00 thiskido Extraciy d hersiemse thinning process is
preferabl§ ?@Hbﬁ?féd oh ﬁfe 16X 3RS 490 50 béhePROthel dMRRoed Bt l?HeE Q@ﬁ 'sﬂmn in Fig.

sone i xel S ty not be correct. For exarrp
29B. Th%mweretlg BFPCSFS i§ perfapmedlogarke the hsightefeachenhanced text hne 492 to be

the size of one pixel. This may be accomplished by scanning vertically pixel-wise on the
skeletons of text lines 490 in Fig. 29A. For example, when a dark pixel is found, its y-coordinate

may be recorded as y_start. Then the pixels below it are scanned one by one until a white pixel is
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reveal ing text lines. Accordingly, in one enbodi nent,

a snoothing algorithmis used to set the direction of
weweryopsxel s in the same vertical |ine to havect/bs007/005492

same direction. This can be done by performng a

voting process, which neans that the nost common

di rection anong pixels in any vertical |line should

beconme the direction of every pixel in the sane

vertical line. [00104] In step 8 of Fig. 16, a process

found. A lyOeREinh9 beredor&sd fo? theFikél jstidd 08 RNIRIRCSIRBINThéRfore, the y-
erforned. Figs. 28A and are useful for illustrating

coordinatg der bsisxbpsted hipping hiae mayde sebas Gastarte papdy2. The result of this
thinning £70R8RGEERMhced RRt An&f 4921 43 shdBm il iFsk. 29BAAGRRI mestrﬁ:iﬁ$élg:cess that

. I mage. Fig. 28B depicts the direction-matrix genera
includes the dpllewmg; svhgters iwthen iprefiiagly paforimsd|te gpmpleprestemBni ng

‘ . Hhish . et gt
00107) |1 i G100 B3t A ERIALE RIS FESH el ban 4
that may #8@sdstfonperfouiiag dlnd extlieiranyg pycess. tihons ambotlament) ¢ach thinned
text line {;9\?; irs%}eﬁzlgeldt 25%{6?“%;/3 ;'\I/-eg'#igaell.(rlge ecgugréh %rgt? )E(‘g# Iat\?\ﬁli']lfe: %11?%(15 of the page. This
will detectanagt bbthedonlg teixx Ehes G6d Bysidetdchiag avtetlag dtk grag yakias aepikéls on the

sercion ERSFE ek e Bt B by SR ek Fe LS A ey ever

middle poineofrRolingspedch téxtdingfeym il meddlé poiav Briaged owbbih left Gl right

. .. pixels closest to i}. After this process, t gaps
directionf ey HEN GRS Lo 5 LbEesPon o ragd Gt SRS e ALPERE fiom O) to
trace 0 toOf2 piR¥ls ohith€ R B2hateds § SRk iR withig 3 §iels fsdieldr Blowthis trace
. . the enhanced i mage shown in Fig. B 28B. [00106] .
line, this paing jg reggrdpd aga paingpgthe fext lme%bwﬁuﬁfls fesQideljapd the next point on

the line i€3tEREhE@When theHRW ]ISl_ﬁﬁﬁisthurﬁﬁ RinER Sop Rakieitéd R purpose of
curve for each text line revealed in the previous

continuing;the, tragiag PFeGepy A Bewsippe Kogan badecidediby theegquatipn of K =
. . , 9 et e .
10*¥*K _pré\ﬁ%ﬁ?é?i ed 1'0‘“(}I REwR r)e_\ﬁg%sz/&)?_ﬁlge% rGX O_cﬂggxgulﬂg%hér? X I,_gE)elv)l/ous and

_ extract. Therefore, ) > prefe
y_previoweare dhgne dnd i copralinass of the meeviagdy collegtadpaanteon aitext line and x_new
' 4 [ i .0 T . .
ot y_ncFRURELakESLablES: 85 SO Ll R0 o, This roces
can adjusg ehdischian o€ ttatieg and wikk 4 §R: vaviekies ofthe svarpingfof text lines. The

.pi xel.. .Thi. be agco i shed. by scannin ertic
process iblchareq Lk rlBine e BIECTTING RO ing Yr R Sl i yhile the
above pr@&@ss isHor treciagitiedeft\phaofa tebarliaepiheatace forfthe Fight pdreis symmetrical.
- rdi nat e y be recprded as .y start. Then the .
1fthere affs SRR o dhypEs EEERMGTA Dl prasie aclfpdeptits collection
algorithnptanethe usell ovifrdce dacki textdingpy be recorded for the pixel
j yst aboye e white pixel. Therefore, the ycoordinat
o108 } ity RV Kie: 18 SpRiprio B vieg af e s ~tstoarnd SRy PRt o
polynomibl Yor@Réigraing tered eordinatd ndthizg. 1B AGNANRYBASS ubdtul for
nhanc%geéggg l.ines 492 as shown In Fig. 29B. A text

. . € ! 2. .
illustrating one rpe FiosEueg thinsleri fitg: dd@sdapies # bt BoF Hgage and Fig. 31B

depicts a 3K 1ink %ﬂﬁ%é withRARXRAGES tx® lie BOEARY SRR, irpst&? APieRt Bnes 650 that are
0107] F'ﬁm 30 depicts skel etons of thinned
|

step 3. C
shorter tl{a@)@ter‘?eﬁl%d agwuf} eithg Iongiest s lings 646+ $4narp seraovigh Preferably those
that are less than half of the length of the longest lines 644, 648 are removed. In addition, lines

656 with left indent are also preferably removed. Two of the longest remaining lines 644, 648 are

selected. In one embodiment, two of the most separated lines are used. The end points 632, 634,
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that may be used for performng the text l[ine tracing
process. In one enbodi nent, each thinned text |ine 492
wo odedsest ed by setting a vertical detection-barmu$earoos492
at the mddle of the page. This will detect nobst of
the long text lines 646. By detecting whether the gray
val ues at pixels on the detection-band are bl ack, the
m ddl e point of each text line can be collected. After
getting every mddle point of text lines, each text
636, 638 bf aﬁsé FRSTiAGEAA, B8 BeBRARL theStd BRESIRE o Qﬁé”leheéicie &9%hnd the

t directions. To trace a text line in the

right SIdecﬁS%étftt%Wlag&dtdpa%@eM hbe left edegdime +65@§pérth¢ ﬂghtrqd@mlmy 654 should
intersect %1?)% %Efﬁg glplbﬂlt ]vﬁ'um %%u%sn ot tjﬂg ﬁ\gﬁ; 1§ nbP & %vri ¥ u?all

| xe eI oW this tra
polynomika} fvemctioth mayheiused t@mpéglahc:i sedecasd a:prnqrst 64, 6ﬂ&dntomtembodlment,
the polyannaq fuﬂ-&a)etlggétr&)ﬂ’x ﬁf}ﬁ%?c{e ed and the next point on the

‘he new point is found, a new
[00109] s IQm:eltbe palyoormi déahction fotthpeestextdines dndbtainedgthe Iaerved coordinate

net 132 c&ﬁéﬁg‘%ﬁ%‘? c?e{sgerf:’f_)@m%eV\{Pgbg'%g?;(rrgcﬁroges_fd& ?ﬁé glélw In one embodlment
once the yolphi@uiab Amction forethese tsxtlins ivotinedElite extgristori presesshisl

pertomelpBES el SheiBalinshiel EREEELE Pl o hopagrrei on

each side@fthe/teRExVed Ehel degroe ﬁreshalsmcm@ BafoRm@farizZ88 bEsEd! @ tht Width of the
'l ected P0| nt on a text line, This process can
text area. él‘g’ 1

extended lines may plsa befitied dntorthe Bplynqinial fanqtioppgeviously obtained.

The two Héﬂt'eﬁaé 86thefexidAedBHEY J&in@fa 1iRXbhith S8Suld pB& tRE 948 SSing Point and
peated until neetin edge of the text |ine or

the two lerﬂﬁnﬂswg’ the extepdeddings ggomﬁn%a %ne witiehyshoyldalse pagsghe yanishing
point. OnEé el dX8eridR® 1inef hreRMEdindY, it éu?%—j:d &do?ﬁnatteth%t 'i.r%?gﬁ-t f)@%enerated for

he right part 1s synmetfrical. |If there are st
performma)thﬁ@ewtmmm@wm Higrlds after this process,

[00110] S%erou@eig,v#exsd M&m gglbe?ln; ﬂg{a %m&a%t}glﬁaﬁsggﬁz is now

race e t ext
descnbcdoowpnnspe@nt\’hﬁl&gewof text Iines sel ection and

[00111] ggrgar%gneﬁé{)é’gf £l j‘g ggn ?gx”tr ﬂ§ cff%{er% amgr atl ."‘%’ Fay ﬁmﬁh? fynctions of
the curved tdpuaid aitiomy edg'es dfatduodqufagﬁ emffmemfmg)dokl Re&h&]ﬁg tof¥ig. 17, the six

comers 2 K5 IRERSHS s o TR0 SRy B BB e

points of bdige linesSl9e 0,2, 7-3@ XNotidenkat ib $0g tinptopasdgesS2m28eire tiwaed dines and so

e e RGBS AN oL U o OBBSE L D5 oo ren,

calculatiodfoftthéesik @Bgiehs Pf-26Aad kagdrsds l|9| De27%36¢ is &48mAH& as described
ved. .In adglztl(ﬁa% | T nes 656 W|th |l eft indent are

below aﬂ%\rlggtfaﬁeéfl@ Figst st respiuaee of thrgerginaldmgenisigduced,

preferablﬂ' tcﬂﬁmxﬁéé an8 fnoRvatdEint A blabl a@&%ﬁ%ﬂ B8 by L¥ifg Qfgray level
nmost separated |ines are used. The en E)OInS 6%

ﬂlresholde’éhe 838 ArEaEP UFePrasets backeroyndeandghe whig aregc Jdrraprsscntsia page
area. Secdid tﬁeeBﬂrd@ng @$986-690 defike Waftt al%'aQFe ﬁ’;’l%d %Hg ﬂ{J‘@eﬂlé&%ngéﬁ 666, 668

654 of the | maged_docunent . dge |1 ne

of the fowr tl?erqerfgmo 6 thyepacified. Ebudsthe mmbqrﬁ@re%?e@xd baitom border 670 are used
as gu1dehY1@§‘{ostﬂieﬂg1 s‘&ﬂb@&f %/man: QiddowiUhSigifhe %p b&Ref 58551 Bk Border 670.

Fi na
Fourth, a Canny edge detection is performed on the small windows and the detection result is

combined into two curved images, one for the top edge 684 and one for the bottom edge 682.
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pol ynom al function may be used to nodel the sel ected
text lines 644, 648. In one enbodi nent, the pol ynom al
wo powotioxasr is set to the fifth order. [00109] QrecEUSI87/005492
pol ynom al function for these text lines is obtained,
t he curved coordi nate net 132 can be generated for
perform ng the dewarping process of Fig. 14. In one
enbodi ment, once the pol ynonmi al function for these
text lines is obtained, a |ine extension process is
These th eumanﬁﬂgwew 68D dedin®lPRAVRAE Willth @el sahie 8 th® 44dth @t he small
to the|r left d right to keep a narglaﬁon each side

window geniignediabeye.fiith, th rlecsa theinecs Ricfiaiea o fiaye ioe curved edges

686, 687%98%&@&1'&%&%%%@&16981 egbe width of the text area. The
ended |ines may al'so be fitted into the polynow1m

[00112] ¢ Lﬁn&f?m back e Bigsily, Gpten ewved qiges@ym2 1.i2§randdeitempgurved edges

e 20, 3 e oL R38R “Fe T B PP ot R dfFRAE B comers

21-24. Cd)mneesnathm“@sﬁghﬁ gomels 2k m&hnd#mhahteddsg 1p a4 ¢het brwk and
connectin%/gﬁtﬂ %&b Nk R&'n@k& 1%2? %w[l hr?ak%?zlgﬁqtgg% Eb ¢ ﬁmeq;o%kgll)%ng }nre]vetlmmn

curved coor € generate
curvatureoprinio2 57i26gn eheh czfehaltcpp agvet edgesy, 28 ahd gottdxzﬁ cu['@d]cli@]a 29, 30

ot her referr d for ratin curve
becomes SROMTbnBE SrRES 39, T aAF H o estiis Baleeh s Fug Fhtsgs: o
compriseEltlg: splnfe oi[ the bbak aﬂ'dlﬂxel’;eﬁhlm ik chingd cbérdindte axt KQCtPrbﬁ:etxons of

v i S R TR i G S5 g genere e

curved catfrdimateam 13Ref erring to Flg 17, the six corners 21-26
may be cal cul ated by

of .t he pages of ged. book
100113] 7' The aRproatEes ﬁqsepgécg? {36 PrReesSHie aerpbied fmesa e applicable to
any type 8f pRféessiitf Apitichiie aﬁcf‘(wpltlﬁmt irbitation) £6 ﬂﬁﬁlcayarlyz\gel%@ted for

curved lines and so are the bottom edges )
computerspased applicatipns forprogessing captyred imagess | ehanm@aches descnbed herein

{
may be 1§§Q9gng@§"ihlhﬁ}e§§arg %irg%ﬁltﬁzinod%)ﬂustélj}%@a?ne gr&%ﬁfbx&l‘oa@f hardware

circuitry g eompetr saffwate and is ndtyisnitesktoc Rartictilgrshar@@arg ey sgfware

the resolution of the original inage is
lmplemeE"Ia'géced preferably to 100x100 and then converted into
[00114] a IbgatSAxsartdoommagramﬂxgeﬂﬁxMatbya wempgtea sgptay 1360 @pon which the

hol.d. .. The .area. 660 repre ents
above-de%%lbe% exrtxbodar}lgxéts gg erlrew?nelsogn %y D gn emgn gg (aégr(;’pélﬁ%' sy%ﬁxél 1300
includes bbnsl €345 &7@h&7®mﬁumbaxwmhehammfairoenﬁmmehtﬁigdnfdﬂmmon, and a
pocssol SIS B> 57l S, R0 e 1200
includes baidinmehiirgd @626 Mickbea naridnmosccgis ahbRERAM) op Gtheﬁdynamw
es of small wndows alqng the top, border 672
storage d3GE GRUBISE IR PUB o+ FBGTr e SBOERRNGR Bl BSRRIA0S (G R Posuted by
processoP E3F0IMETh EmbRe] 3Bdlto Maf 8o \Wse e stdi’rﬁigd@:hﬁ&aboﬁanables or other
esult i S. czpblned into tmo curved i mages, one for th

mtermedt%l Qpation Aluzing eyFrutiog,o errfémsswsdmb@a@(scwébyra&cssm335
Compute$ ¥y(&f 13088@8h Sdolu®l4a r‘éiﬁ‘@ bAIGRhemEGVR MY 85 1ot Hie SR storage

as the wdth of the smal
device coupled to bus 1345 for storing statlc information and instructions for processor 1335. A
storage device 1330, such as a magnetic disk or optical disk, is provided and coupled to bus 1345

for storing information and instructions.
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wi ndow nenti oned above. Fifth, the edges of the inmages
are traced to have top curved edges 686, 687 and
wambt/osesaur ved edges 688, 689. [00112] Ref er ripgg/bs2067/005492
to Fig. 17, the top curved edges are 27, 28 and bottom
curved edges are 29, 30. The end points of the top
curved edge and bottom curved edge define the four
corners 21-24. Connecting the two right corners 22, 24
will make a right edge 19 of the book and connecti ng

[00115] t f@ozhyi@te} §fstent 2980 fag be cddpitti Via HRKR43 tb &fdis éﬂ%g £30%) s&fh asa

The maxi mum curvat ure poi nt I'n each
cathode r@tv mb%((?tl?eﬂﬁ)) Earrdjadaydng informatiog tg mm@msem rdve inpag gevice 1310,
r
ntuiog S AR RERRR o AL G653 3 il promcn
and commpgd sgigetionstto presessop k3 HndAndtbertypg i€ usen inpha device éicursor control
1315, sudil %I éj}np?.lie 8%%5%35% gﬁ E eblﬁé&é Cf?%l?i ka.? Iaol?%ﬁélr%glﬁ?ag%% of ]dxrectnon
mfonnatmlamti camxindnelmeh:cgemmapracdskm 1836 \aad fmomrﬂoﬂat@clmair movement on

ey 1438, 0T aS SRR RPRSS RSRE BPRlfToohhgs o ot v

(e.g. X) andl apeanrssis@. PR thaailions tlie’lde\(xw toh#pdhfﬂ' poditieds iam)pladee

outser P2FRd b Kool L Lo 1 SOMUSE BaEd e 1300 o

processirEHeBE SmEES CALd¥REinEes 6hd eMBYdintent, T sf&eésmg bfithe captured
hardware circuitry, in_conputer sof tware, or

image is PEYFGIH %mnmftews@w@Ocmrremw@/t%mC@émmﬁrexecutmg one or

more seq@Ohde$RF 8n@Bmofe MStrudtios (cBhtalRddn Hﬁflﬁ hﬁH{ 1586 dg@crheinstructlons
or software inplenentation. [00114] IS a ocC

may be repdigtamaiyaempry L0 Gewangthep pomputer-ssp 3@@mn1mnuwh as storage
device 13’\!@ cﬁketcﬂﬁorf"ppﬁx@ sgcﬁfeﬁ[:émqnﬁfmﬁghg@(m&ngé ir} BAGinl xﬁgﬁg P3%0 causes

enent ed nput er stem 1300 1 nc
proceSSOb %@@r%mdhhemcemmuct@amhwd heraima fing 1or frnre processors in a
t o)
multl-prégg%%%ﬁé%&%}% EQBB 121fa¥ §£§g Ufeg:?npl@% 18 REQHE Jeﬂté%l'ﬁzgs of instructions

proceSS|ng|
containedCinpainonemypnt E1A01 I0Gltainetivé embodissnts, haidawiredroirguitd 2ty be used
. RAI
in place ozftjog'?ré ggm g{\’/alﬂgg %%hgsg%’ﬁ& Et%n%éﬂ Plga}negi the Ieﬁrg}/o%ments described
herein. Thuspembddimenaridséritet hecdin attSndt dinfieedas @aay spetifiy combination of
.ocessor Main menory 1320 al so nay be used for

hardwareo‘flrcﬁt%a?d ??ﬁ?aé?y vari abl es or other internediate
[00117] i nfm:rtﬁﬁﬁl"mﬁ\htét-f@daxemﬁdnﬁﬁ” @ffudeﬂ&iefdiﬁid:f@ﬁ&obﬁy BRdium that

ecuted..b rocessor 1335. ter en11 00 ..
participalZh i s iR M RHBEASI TR AIPERIoY TAEUryF<ERAg TyB agpedium may take
many forﬁ{shﬁfchﬁ:ﬁﬁé Ibﬁt ﬁﬁmaw ndaWol#il6 aiedi dotameb;usdll%ﬁi fk&fsmission

orin ic in tion and jnstructions_fo
media. ]}i‘?”o‘é‘élg sia includogy %aénﬂswmgah@wagwwlsa@ gich as storage
device 1:{@9 L\ﬁélhﬁlggiéé’cﬁa RichfRb dgAdmidi rikmoryS siihoasi HSH ridiHogouRbed
o bus

Transmission media includes coaxial cables, copper wire and fiber optics, including the wires
that comprise bus 1345. Transmission media can also take the form of acoustic or light waves,
such as those generated during radio wave and infrared data communications.

[00118] Common forms of computer-readable media include, for example, a floppy disk, a
flexible disk, hard disk, magnetic tape, or any other magnetic medium, a CD-ROM, any other

optical medium, punch cards, paper tape, any other physical medium with patterns of holes, a
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for storing information and instructions.[00115]
Conmput er system 1300 may be coupled via bus 1345 to a
wohospi@ys11305, such as a cathode ray tube (CRBGT/R007/005492
di splaying information to a conputer user. A input
devi ce 1310, including al phanuneric and other keys, is
coupl ed to bus 1345 for comrunicating information and
command sel ections to processor 1335. Anot her type of
user input device is cursor control 1315, such as a
RAM, a PROME,; and EFIROKD R FLA SH-ERROM, o} bifek hféﬂlch@)éﬁxﬂ‘ & carlrldge a carrier
communj catjon of direction i Aformtion and conmand
wave as descabed bgfsinaBer; ppary aher megdmmyfigmf which grromputersgn read.
c
100119) £ SR TN AT RSl S il b invBRl i8S one or more
sequences iof gne axinorg msguctignsdm gracessoc dB3b foriesequsiog. Fpy exarhple, the

s e, 8B55 e AR 051 Bl emor

computet ¢ea luadatmfmstmqmohe ints s dgmanisGferhory gudcend thenigstauctions over a

oo L SR8, 5t 0 AR e e o
the telephmmlute@ndalﬁshﬁ infid6d transmige PSR VER thy dite &Sa1 infdsdd signal. An

. ecutin ne . or e sequen es of .one or
infrared qleqfon pPISHO BNA AR A SR TS NA AL FER IR (A0 tRlracsftsjgnal and place the
data on buB$8435ICBL® nmsreatnb@ukeada to Hhfin ARINory 8RO YrdrAAPhitR PFBcessor 1335

t her co ut er-readabl e nedium such_as storage

retrieves a0 PR3 38 MSBERTRo An§iFpstioRyisesived bymain memory 1320 may

optionallly b8 Istdiéd bR BDrapRMteRidREA 30 Rith& BRfoR B hlterl 3euSBF Processor 1335.
processor 1335 to performthe process_ steps describe

[00120] hdremputersystesn 1300 alsp insdedes greommunicationtinterfaee & 34% eoupled to bus
1345. CHhFRAEEABA IntdBYce 330 pREviBE RYLHal ga&)i;%%\%l&ﬁ?on coupling to a

Sequences of instructions containe In maln
network higo $375 thanistcopneated/ o alosaldictwenks] 35haFor waxanlemmnmumcynon

interface gg%((t) %Iyl'b%eﬂx infe 1&¢ ?eerfceéjﬁlﬁptFl r?e?%ﬂ{@ﬁebmﬁ%éfy a gdem to provide

warfe instructions to | nen
a data cothawani¢atiod th ercerrnSpo‘ﬁkiug typerbOetiaphnhes linkess cAs :mnihehelxmmple

communﬁé&(gp&?eerﬂé:?rltgglg fma Eaen%lo% eCI iy Pectw qggﬂlg; calrﬁ éo Pé‘}‘ﬂﬁle adata

communibawrpcnmleemmdﬁbb(&nmﬂjwml\NiSWhl&&ds hﬁkﬁhﬁy laBb@eSiniplemented. In

iymthat partij.ci pates i rov instr ctlons
any such 36 ERIATs, EthaRichlioh FibRen<8 S (% leggrica
electromigiieﬁc OROtidad kighalsithatcafhy @ggitald dhtabtrﬁ&rh@fi:ﬂr&entmg various types of

non-volatile nedia, volatile nedia, and transm ssi on

informatighy 5 Non-vol atile nedia includes, for exanple,

[00121] Omét%l'k Bk m&w@tpﬁ&aughps&;ﬁdemilc&ﬁnﬁh%ﬂg& tH#8Y4Hne or more
\o| atil e d|a i nc] udes dynam c¢_nmenory, such as

networksfg ﬁ‘%‘r&ﬁ’&ﬁ%@% o1 e 5HERIe SR BRTR NG b7 iErY @ty idoa spmection

through 1664 |n@ﬁworRQBB§ ko Whb& RfhutdrN850 @Ptd Eta edhipiridfli r&téé &by an Internet
conprise bus 1345. Transm ssion nedi a

Service PéP{%‘ggrt @%@ 1362 I8P 36 mben pravidesidats epyemypigation suleesibrough
the worldC %mﬁlg%‘é;ﬁa%; ?ﬁuﬂﬁﬁn‘c@t@oﬂ AAWBrRACHHEMBAY rkfRie26 s H Internet” 1360.
Local network 1355 and Internet 1360 both use electrical, electromagnetic or optical signals that
carry digital data streams. The signal through the various networks and the signals on network
link 1375 and through communication interface 1340, which carry the digital data to and from

computer system 1300, are exemplary forms of carrier waves transporting the information.
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[00118] Common forns of conputer-readabl e nedia

i nclude, for exanple, a floppy disk, a flexible disk,
woRod165o8K, magnetic tape, or any ot her nagnetpEr/us2007/005492

medium a CD-ROM any other optical nedium punch

cards, paper tape, any other physical nediumwth

patterns of holes, aRAM a PROM and EPROM a

FLASH EPROM any ot her nenory chip or cartridge, a

carrier wave as described hereinafter, or any other

[00122] ”Qﬂin%'ﬂt&r S 00 GnGRRP Hie%ag%@gnd ?&Qrve (201 iRludYRE pRIgFam code,

forns of conputer readable nedia may be involved Th
through thespetivore(sh metvirk hsk d 348 gnéd semmupicainn interfpesy B340. In the Internet

i .

s L e

Internet 1366pI§Rek366, Wicalknetivork Yixbuind mmneatlonﬁmrrfaenbiyo In accordance
er ¢ I tions 0its nan

wits e 00T Ly AR BB 0GR ot e s

demxﬁmd&&mng a nodem A nodem |l ocal to conputer systen11300

ooszan R RS By PSRN 52 RS, Bor stre
in storagd d‘efvﬁca:r 3305 bothkr ndid‘-lvdﬂﬂflreéﬂt(&dgdﬁireﬂéﬂéxdéﬁﬁl@i. €lh this Rater,
45 ¢ receive data carried.i frared signal
°°mputera*afatem RGO baInARRlcRRN cosiedn ths Oraals QA Y, he
data to main nmenory 1320, from which processor 1335
retrieves and executes the instructions. The
i nstructions received by main nmenory 1320 nmay
optionally be stored on storage device 1330 either
before or after execution by processor 1335. [00120]
Comput er system- 1300 al so i ncludes a comruni cation
interface 1340 coupled to bus 1345. Conmuni cati on
interface 1340 provides a two-way data communi cation
coupling to a network Iink 1375 that is connected to a
| ocal network 1355. For exanple, communication
interface 1340 may be an integrated services digital
network (I1SDN) card or a nodemto provide a data
comuni cation to a correspondi ng type of tel ephone
i nes. As another exanple, comunication interface
1340 may be a local area network (LAN) card to provide
a data communi cation connection to a conpatible LAN
Wreless links may al so be inplenmented. In any such
i mpl ement ati on, conmmuni cation interface 1340 sends and
receives electrical, electromagnetic or optica
signals that carry digital data streans representing
various types of information. [00121] Network |ink
1375 typically provides data conmunication through one
or nore networks to other data services. For exanpl e,
network link 1375 nmay provide a connection through
| ocal network 1355 to a host conputer 1350 or to data
equi pnent operated by an Internet Service Provider
(1'SP) 1365. ISP 1365 in turn provides data
comruni cati on services through
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the world wi de packet data communi cati on network

comonly referred to as the "Internet” 1360. Loca
wosiowes3dss11355 and I nternet 1360 both use el ectyda$2007/005492

el ectromagnetic or optical signals that carry digital

data streans. The signal through the various networks

and the signals on network |Iink 1375 and through

comuni cation interface 1340, which carry the digital

data to and from conmputer system 1300, are exenplary

forms of carrier waves tra &ng the

i nformation.[00122] Conputer syStem 1300 can send

L ATORRPR RELRES ttulel Biagh Bt YRR PRAREE 888ument; said

hod communi cation interface 1340. In the Internet exanple,
method COMPUYGE, 1370 nmight transmit requested code for an

appl i cation program through |Internet 60, 1 SP 1365
aefescine TRyt RiToTBaIox A (B FARIHICE SrPe oA e P ARE HERSRp between
I n accordance with the invention, .one such downl oaded
said imaggd, dpgyment gpd &‘WF@&%%JLF of Szﬂ& SeRtuEdigagent ured i mages as
descri bed hereLq%§%00123 The recei ved code may_be
selectipg PREOHYRoF BeesdEsem saidpsaphicyl informationpsarersponging i edges of
. stored in storage device 1330, or other non-volatile
said imaggd gperyaeritor | ater execution. In this manner, conputer
system 1300 may obtain application code in the formof
calcwdating cornexg & said Anpgedidocoment based pa intprsgetEasseiyepr more lines
captured i mage that conprises an i maged docunent; said
correspordtitghtoc:dgenpf said imgagedatosuimenty gr aphi cal i nformation in
the captured image relating to the transition between
iselatiolg said jredgaibdacmerent froth bavkgroand ofi shid captusdli ithage based on one or
captured i mage; selecting one or nore lines fromsaid
more lineg kafpbspoatingnd ed gt dfeaidtaraged doowneny; t 0 edges of said
i mged docunent; cal culating corners of said inmaged
settipunBived assdimate hattoarsaridiiaged abcumentor nore |ines
correspondi ng to edges of said i maged docunent;
sticéHifgd 41 cGied cooRPLAe Baab AR taidle Bbdrdiagy wstnd of sai d
captured i mage based on one or nore |ines
adj i@ SARNELAHz e oBATRRe Akt 15l Well-FRGBESHAC EH¥BINgle coordinate net.
Setting a curved coordinate net on said imaged
docunent; stretching said curved coordinate net to a
rectangl e coordi nate net; adjusting said rectangle

2. TROMeH0dat&tdA8h dIfBmA, WaltherRbLAPPsIngARaktep 6 angl e
coordinate net. 2. The nethod recCited in claim1,

by S5p G kU A TR O o

non-distot2l 'i)gﬁBganeQQ shid ithaged document based on said computed deviation.

3. The method recited in claim 2, further comprising the steps of:
rotating said non-distorted imaged document according to said determination of format of

said non-distorted imaged document.
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non-di storted perspective of said i mnaged docunent
based on said conputed deviation. 3. The nethod
wJo 8ef/i@dsi n claim?2, further conprising the stRASURHO7/005492

rotating said non-distorted i maged docunent accordi ng

to said determ nation of format of said non-distorted

i mged docunent.4. A system for processing a captured

i mage, said captured inage conprising an inaged

docunent, said system conprising: neans for selecting

4. ANYSteR] foTPréeesiinga chpiRredSitiage HalPOdptdtkd iRh Y SBthpiing an imaged
correspondi ng to edges of said i maged docunent’; neans

document, $hid"Qkterl &bhpSsin@ers of said i mged docunent based
on infersection of one or nore lines corresponding to

oAy S BIRBRU TR FRAAR S g B PR
edgesof&ggggag é%%uggmgne or nore lines corresponding to
edges |

sal rfaged docunent; neans for setting a
ocuen

U R e B R R TR ot n
. t | e. i nat I f adj usting said
more linds AR B Gy ERY LIS FoREPP St opor ) onal |~
rrﬁ:éxaqr e g».rr]r?ql;oiq,tﬁ%?%d g@:{g%a géxgpgntgqu? %ﬁngggfrg A gf?ﬁ%a (l‘tﬁ%gf.red image based

readabl e nedi um carrying one, or nore sequences of one
on one OO ineS REEFRADINGHE SHEF LR, oifhinPees detNmEenthy one or
nor e_processors, cause the one or nore processors to
means for setiRe acyrRd OPIdinge BRER $Hd ipagrd documgBtect i ng
graphical information in the captured inage relating
megng 105 stretghipgtsaiskruseed gaordigate def ippryregtanstelnperdingin et pad
remai nder of said captured image; selecting one or
megnsefor adimsting s sentangde eqomdiaate nepfor wellipsaportional rectangle
~ corresponding to edges of said inmaged docunent;
coordinategietul ati ng corners of said i maged document based on
intersection of one or nore lines corresponding to
edges of said i maged docunent;isol ating said i naged
docurent from background of said captured i mage based
5. Agrpngmeeraeadabl emledines for procesyiog daptareti dmage ase odmpisetreadable
i maged docunent; setting a curved coordi nate net -on
medium satying oagermdecstquaices sf ord ombeE inatractions wiikh, when executed by
coordi nate net to a rectangle coordi nate net;
one or more processors, cause the one or more processors to perform the computer-implemented

steps of:
detecting graphical information in the captured image relating to the transition between
said imaged document and the remainder of said captured image;

selecting one or more lines from said graphical information corresponding to edges of

said imaged document;

calculating corners of said imaged document based on intersection of one or more lines

corresponding to edges of said imaged document;
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adjusting said rectangle coordinate net to a

wel | - proportional rectangle coordinate net. resanpling
woroeehes20f sai d i maged docunent based on sai d EENP$YET005492

devi ations; 6. The nmethod recited in claimb5, further

conprising the steps of: nmapping coordinates of pixels

of said i maged docunent to coordi nates correspondi ng

to a non-distorted perspective of said i maged docunent

based on said conputed deviation. 7. The nmet hod

isbRitin F%Qld‘ 1H1a%l=:@59&x§nerft o) Séck%%mlrd' otsai '5id daPfured ﬁﬁ’ ased on one or

rotating said non-distorted I"maged nt acc

more linés%oﬁ%gﬂogﬁﬂ{% Qggbp%@{m%ggg Lufbnsai d non-di storted

mage or prbceSS|ng a captured

p% sai d net hod

Sé ﬁ%gcéung°8§%@%?§§ Q?h t gggg§8¢ onfthe remai nder
sai d . enhanci n the i rection of

o TS TR Padgsibe B O o

Y R 'g?eﬁc Srdibaer ot ve %?#03?3?3& 'ﬁfea?%mrﬂmate net.
" BBlIER R e nged fREHne o =Y Frigpiied devistions;

conpressing said captured i mage under a conpression
rate; conputing direction for each pixel in said text
lines; elimpating s between characters so that
6. T m%gltq%lw%%gréﬂbeﬁomw&@ﬁ §86 of-oget her, but
characters not in the sane text line are se.arated )
mpgpingieordingieoirixels ofsaid impggddapumsnbioggaerdipates corresponding to a
direction for each pixel in said text of lines is
non-distogted erapaelivaefi saigl inaged darumentdrsal on spidicemputed dgviation.
tenpl ates, where each tenplate conprises a black bl ock
in the center representing the pixel and eight gray
bl ock bl ocks that extend fromthe black bl ock that
7. THesethddgeaitadi ingdainmod, fofthertnprisalg thasttps b€ gray | evel
val ues are summed for each of the plurality of
rafatirersaidnen-disenrdamaged docletant atcradingao daid eletermimatibon of format of
t he pixel.
said non-distorted imaged document.

8. A method for processing a captured image that comprises an imaged document; said
method comprising:

separating text areas from the remainder of said captured image;

enhancing the direction of text lines in said text areas;

extracting said text lines;

selecting a polynomial function to fit said text lines.
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9. The method recited in claim 8, wherein said enhancing step further comprising the steps
of:

detecting distance between said text lines;

compressing said captured image under a compression rate;

computing direction for each pixel in said text lines;

eliminating gaps between characters so that characters in the same text line connect
together, but characters not in the same text line are separated.
10. The method recited in claim 9, wherein the direction for each pixel in said text of lines is
determined using a plurality of 9 x 9 directional templates, where each template comprises a
black block in the center representing the pixel and eight gray block blocks that extend from the
black block that describe a direction of the pixel, and the gray level values are summed for each

of the plurality of directional templates to determine the direction of the pixel.
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