W) 2007/ 103251 PCT/ US2007/ 005492 MODEL- BASED . DEWARPI NG METHOD AND
APPARATUS SPECI FI CATION [0001] This application is a continuation-in-part
of US Application Serial No. 11/368,260 filed March 02, 2006. This
application clains the benefit of US Application Serial No. 11/368, 260
filed MarcW@20072008, which di scl osures are incorporat ed®CHaRS2§0fA/0¢592
reference. Field [0002] An apparatus and nethod for processing a captured

i mge and, nore particularly, for processing a captured inage conprising a
docunent. Background [0003] More and nore docunents are stored in inmage, or
pi xel , format instead of ASCI|I code since storage nedia, such as CO-ROM is
becom ng | ess expensive. These imged docunents are able to be used for
reference, searcNMOPEIBARED DNENVARMNNG METHOANDAFPARATHS docunents is
usual |y captured by an input device such as a scanner or a digital canera.
However, inmage distortionis a pro%len1ma§n ihe docunent content in the
image is captured by a scanner or, EvEF Pg‘9h%y a digital canera. [0004]

Figure 1-A is a_block diagram depicting typi.cal cqonponents of scanner, A
scanner (00081 ¢ y it C%Iéoéldsf‘So%téfb‘ﬁﬂ?‘é”ﬁ??’{‘%a@gA@P“%f“@Bc%ﬁé‘*ﬁ?-ﬂ%é?G%%@ocurrent
110 is plcaagstcR 0211196, PridapSicaib@tBimdslfe béneFie BNURPGPIIsAn dHatNol S general Iy
conprised of an optical subsystem 122 and a charge-coupled device ("CCD")

124, i s H30®acfled darel 824 900nwhich fisglosues #s dferrargigd Bereinbyeiireics. only a
two di mgppgi onal view, the scan head 120 may nove across the docunent in
both thé direction illustrated by arrow 114 and in a direction orthogonal to

arr ow 1%02%%%3% SHARAAAL E1Br becket EptdrbPibage@bl anbRpati QMmO ment

110 onto a D 124 is  often inpl enented as a two-di nensional array
of phot BESASING ALSPREFHIERAEE FRMBFIEABAISCUNEN |ight is incident on the

phot osensitive elenents of the CCD 124, charge is trapped in a depletion
regi on ghckdieurslem conduct or el enents. The anount of charge associated with

t he photosensitive capacitive elenents is related to the intensity of I|ight

i nci denjooen] t hevibRwPE Glidr¥ doalrRdiNArs stok@ICialimegt, oY fikeR fealipldstgd pEASCU.
[T ght - 2Eoe e S5 S HER BLCRER M &5 CBRETE R erhen thech SLahpl i ng t he.
el ement gocuhitsdrabBIg td BE QEcdEb RiferPicROstaRHingY o d1QriBIAN TBB Sickddienagapatiet | Ve
el ement %loclzusme%lts is usually captured by an input device such as a scanner or a digital camera. However,
image distortion is a problem when the document content in the image is captured by a scanner
or, even worse, by a digital camera.
[0004] Figure 1-A is a block diagram depicting typical components of a scanner. A scanner
is typically used to capture an image of a document 110. A document 110 is placed on the
scanner plate 112, A scan head 120, which is generally comprised of an optical subsystem 122
and a charge-coupled device ("CCD") 124, is moved across the document 110. Although Figure
1A depicts only a two dimensional view, the scan head 120 may move across the document in
both the direction 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



WO 2007/ 103251 PC1'/1J52007/005492 converted to digital information by an
anal og-to-digital (A/D) converter 130. An AID converter 130 nay convert the
anal og information received fromCCD 124 in either a serial or parallel
manner. The converted digital information nmay be stored in nenory 140. The
digital | WD0AHIBBA i s then processed by a processor 1BOTEHEWOVHSHE to
control software stored in ROM 180. The user may control scanning
paranmeters via user interface 170 and the scanned inage is outputted

t hrough out put port 160. [0005] A block diagramof a digital canera is
depicted in Figure I B. An optical subsystem 122 of a digital canera may be
used to focus light reflected froma docunent 110 onto a CCD 124, nuch as

in the coowrtedrto digitabinfasmagipg by an apalegteadigitdddviRbeonyener 1 Iohan 4/10cmvarer used
to Caplt%rxﬁzgl%?ﬁ%zjtt gf[&tangg%%hﬁgaémw SHRED 1546 kiftRr sepafig- In the

cont ext of er a, as opposed to a scanner, t eqc;‘?tj cal subsystem
122 i s mainenpVeacoaveres digdaldufofmationgnay beestorgd dmmemory &40.i hhedigitgglnner .

Rat her,. | - i Qi.it al iGal tem j I : i onary
B S T A e e R S K S B
di gi t al 180c Jine nagy, mphesmtrgt sgahsing @ptametads Yie gserfinterfadsaki®hnd dhescannaddinage o0 be

digitiz r fier significant advantages over scanners for
capturi(ﬁlgpué%ggl%g%%hcfﬁggﬁt}gmolaé;?d ot her images. For exanple, caneras are

gener al [0905tor e Apdotiadibgramhefm digitalvemsra i depdddell inl Gaure 1B chugpticat subsestem
require,a Gank Ea?garhg%gr?e\ﬁ% €4 B %%ssdl]jémréfré%teﬁ 0B 116 8% AScB" ©
capabl e “"of capturing a er array of- I mages than scanners. wever, the
use of Edpewalacimgh¢ emndér fln otlet diggali camiermsgde vocp dther HgnHaED de wed texi st

when usjn er. F i Ltd.on d a

canor 5. puf uR AR Ao Tk o ARGy, ol A0S SEIO B A Y Sl AEB IS0 0 .

| n addi tanemg, asisppwd & Tamena, thaopicklisdsyitemd@2ds setontvedrrénngwhe shfapmyf depend

‘mage. SRATEIRH A fignety Ries i ARG RL odf GrEES R AR BRI Vet her
t he | magaidnagl with regpect dote mbject, issclsdstapcm_tcetdemmoabe i_iﬂagt:d.olin aglditivedo digithlace and
Fived dididi e BaRE bR RARISh Al LERTa A R UL G SRARRE, %00 not
gener al [0006ic c uCamerassxften significafitGOi@zi]tageh omersegrgwrclor hasuriieedocdorst ioragsol vi ng
L1 P OBLET e R Lok e oA e LSRR RISE OB
(" | magebdeestearatienireduity 4 caprirkd inviégepe te placethenths séannESfafr cansaast dre napable
E? t té_ler nafeégﬁ%%éésv\él %gaﬁfl\a%?oqlir?lggels aenI slc!a:gleepsc.; %—‘Iovbf@/lei, tl%eGﬁseNoc%'car%gfas grzegt%é) .) Zhang,

difficulties in image capturing that do not exist when using a scanner. For example, light

conditions vary when using a camera, whereas the light conditions are generally controlled in

scanners. In addition, use of a camera introduces image distortions, which may depend on

various variables, such as the angle of the camera relative to the image, the lens used by the

camera and its distance from the image, whether the image including a document is situated on a

flat or curved surface and other factors. Because the scanner utilizes a moving scanner head, at a

fixed distance from a document to be imaged, these distortions do not generally occur in

scanners.

[0007] Much research has been done on solving the problem of image distortion. 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



from shading algorithmto process docunment inmages captured by a fl atbed
scanner. ("Restoration -2 WO 2007/103251 PCT/ US2007/ 005492 of curved
Docunent | mages Through 3D Shape Mddeling," Proc. of the 6a' International
Conf erence on Docunent Anal ysis and Recognition, pp. 10-15 (2004).) But this
t echni que w® 200m/gbdsy dependent on the |ighting conditi orceoskoovdhemefore, is
not suitable for inages captured wth a digital canera. [00081 Recogni zi ng
that digital caneras are nore convenient input devices conpared to

scanners, researchers have devel oped nodels to reduce image distortion
problens in images captured by digital canmeras. For exanple, Cao, et at.
devel oped a paranetrical nodel to estimate the cylinder shape of an opened
book. (JfRewed megemtnmagwﬁmwcmmpd mg@i@ammc ad tipy6't ternGmmer a: A Model
Based r.oach, " Proc. t| 0 .Anal ysi s
and Re?%gtgerf ‘l’cc?nong ?%Eﬂ( %6 ‘§ mnoﬂb?p 11 i tgﬁ&{éﬁ ﬁ\‘lt tQ%%‘crﬂ%ﬁ]tue

t echni Qulgﬂy ée;telndtnt ohhm hgldalg condixyaowandgsham‘ere ishet bdmblepfoaireagsh camered aner a

| ens |s 91 1t§l| a;n%rthe surface of the imged book. Liang, et at have
devel ope aa gele opa%l e surface to nodel the page surface of a book and

expl oi t[0008} pr Rpaighizigy thpadigitd] ehinsras a:mdneqwahvdniamei@padéwﬁga)s cofnpérae tr i nt ed
textual content

p face s E%Fattenlng
Gt veq OB HoRes Rk RfisRRYobR pETY il ifihe BFEnRl Wiben it Pdet oPon
and Patdapuufengocbgmltcamagaspﬁm e388p1346ac( @uaﬂedevzmﬁ)sd a):aﬁynetmahgloﬂéil e e$teneheu que
the le f th caner ns, nger wrelﬂ Qb
the surbsEuapr Sops Sfer SIRED po S PiReR B 80 B0l BIUUBEH 1ede”CaptRiR
cor r ectCdnlea: AlMactder Bawed Appreach) " rfrge df dmdummatxoaaléidnﬁaembem mcﬁmtneht ne
i nfor n. t her. .wor ds ‘%el s qre hi nt. h
ext ot erviis PRIRPEHESRIAE 715 Natgad b asior Halof ah e BEF EE s iy ﬁany
pi ct ur ebe modelgudy worls winstteainoplahexf the caesra Idrses piaalldna thei sarfgcernfdbé s wll
not wark %{I} 00091 T erefor ee nues, to i.st roved
Ropar acTEEb e FRR 18 Paesiefpef - REEget R B nefe &t bitne by Me oFRoe e
advant dgek anfl egploie tisespropeatiess@aratielisy ax}deéqual’ tispedng hef the piinted teatual ygitaal | y
present ed, by capturing,doc C ra as opposed,to a
scanner®™ BF ﬁ?f’ee?tgﬂﬁp,ve?wg SP&‘S h?anP%ﬁ% ﬁg’&" gﬁg P BE ! gg 48t% of reducing
di st or tin@mndtional Cadgenteash Compee v&m@xemdmattemfReab@hh@i, ppeX3s-B4n@anar e
pr esent e | S8 docunen the al | OWI for the correc n
di st or t%og)ﬁ) ] l?rt’é%"i‘qlrlﬁg%’ e lgns ﬁéme g’i‘sclf aP eQ"EShEFIuE t<'§’toti ons.
addi t i qm,ralteln&) taa patfaie WS adodk. mmnpheﬁmedabhgedaiymk}dcm@hncblaiahgsd ¢orzceiet o
| MRges distortion on an imaged document are based on text line information. In other words, these
models are highly dependent on the existence of text lines in the imaged book. If a page of a
book has many pictures or equations instead of text lines, the Cao and Liang models will not
work well.
[0009]) Therefore, a need continues to exist for an improved apparatus and method for
capturing images of documents that may utilize the advantages of cameras over scanners, yet
reduces the distortion typically presented by capturing document images via a camera as opposed
to a scanner. Preferably, the apparatus and method should be capable of reducing distortion in a
captured image independent of whether text lines are present on the imaged document, thereby
allowing for the correction of distortion in a captured image of document with pictures 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.



that are generated when the lens plane of a canera lens is parallel to the
surface of a book. 3 WO 2007/103251 PC11US20071005492 Brief Summary 100101
An apparatus and net hod for processing a captured i mage that conprises an

i mged docunent are described. In one enbodinent, the apparatus conprises a
st ati onar ywaasef/azzsiwhich is utilized to capture the i mnagedstovuwsent. | n
anot her enbodi nent, a non-stationary canera is utilized to capture the

i mged docunents. In yet another enbodi ment, a nethod for processing a
captured i mage that includes a docunent conprises the steps of

di stingui shing the inmaged docunent fromits background, adjusting the
captured image to reduce distortions created fromuse of a canera and
proper IBtigdSumniarng t he docurment. In yet a further enbodi ment, an apparatus
and nethod for dewarping a captured i mage of a curved docunent are provided.
Brief [eexyi pt Apapgdratubendinaiod dsr froéididg Ficgptuled itlegd thhiScomppiseOan indaged cument
scanner, 0012],.Fig. |B depicts,.a prior art digital canmera. [0013] Fig. 2
dopt ot dosuetaradesr s fa PEC pibaielt LiFreeBirhul hnb fiss SHPHORLI RER captur ed
;mage. wHIEH B litifzg toTapip ugzta $magdd| dovnhadtt 10anangtehtiodrndindi nimmfl tatﬁzfna@' nr]rcst hod
or processing. captured, i mage.. [0015] Fig. 4 depicts.,a flowhart_ o

ot hod Corepus RERreTS Cardutman Btk cPRUARte, HYRC T FrogHEh A HaRod fof

i npl emgRéARELiRNS cAfturchema@ hadnabddsdicigieat damhidesthe diepSbOgGiSkhgnfhRighhe [ 00161
Fig. 5 depicts a flowhart of one rethod of erﬁ[,orm’ ng the random sanpl e
consendii@sedqasyment frwp itgbagkerorneg; Q@J“%‘.“g[%ﬁa?gm fgnags tgéﬁ?’ﬁ‘f’ disloriqiSychart of
one neth@edfrorn@kd 6F Ntdigerh BRd ﬁx@béﬂﬁbriérﬁimi@\ﬂ@é dozti@Rnt. Id Ydistfoah@@nbddinkeat, 4.
[0018] Fig. 7 depicts gfl&wc art forH’%thher tmethod f R@rform' ng
segment3RaPEI A1 G BB At VAR RS £ ITBPHECHBES S %m%@wg BLHfBY defscl osed
herein. 100191 Fig. 8 depicts a flowhart of one nethod of perform ng the

di st or tBriaf Desoniptain of ttlgpRrawihgsustrated in Fig. 2 and Fig. 3. [00201 Fig. 9
depicts a flowhart of one nethod of performing the lines of text step

i |l ustr[@ry i nFig. yA depicts a prior art document scanner.
{0012} Fig. 1B depicts a prior art digital camera,
[0013] Fig. 2 depicts a general flowchart of a preferred method for processing a captured
image.
[0014] Fig. 3 depicts a flowchart of another embodiment of a method for processing a
captured image.
[0015] Fig. 4 depicts a flowchart of a method of performing segmentation in accordance with
one of the implementations of the method of imaging a document disclosed herein,
[0016] Fig. 5 depicts a flowchart of one method of performing the random sample consensus
step illustrated in Fig. 4.
[0017] Fig. 6 depicts a flowchart of one methad 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.



-4 WD 2007/ 103251 PCT/ 1JS2007/005492 [00211 Fig. 10 depicts a flowhart of
one net hod of determ ning whether a docunent is properly oriented in an
upright manner in accordance with one inplenentation of the nethod of

i mgi ng a docunent disclosed herein. [00221 Fig. 11 depicts one enbodi nent
of an appawats7/foefsicapturi ng and processing an inage porius@ingsan i naged
docunent. [0023] Fig. 12 depicts a flowhart of one nethod of determ ning
whet her a docunent is oriented in an upright manner in accordance with one
i npl enentation of the method of inmaging a docunent disclosed herein. 10024]
Fig. 13 depicts one enbodi nent of a system for processing a captured inage.

[ 00251 Fig. 14 depicts a flowhart of a nethod of perform ng i mage dewar pi ng
accor dfoogl} o FigdOopleprend flowstantdfene mbGdaoE deegniniiy Wkphatasdoauhkmichart of a

met hod for generating a cuyrved coordinate net for an inmage of a d
docuneRIPH BT pgt e Ehbmrn eepBRert e orc niomanalon s Belet R ng < ne
| ocal @higed 2 OstuneRhdiscles@terghep il lustrated in Fig. 15. 100281 Fig. 17
depi ct egnented origi nal i e tp be corrected by the inmage dewar pi ng
toohni JA22B iy 1T fePisticprie mRop o oF i anpranis T FPLTRE HHOPTEESIBY i ng o

cur ved iaeRrifd hd@he am ghaded dodiimetrge of a warped docunent. [00291 Fig. 18

depi cts_an exanpple of an jnmage of_. a warped ﬂgcunﬁnt Q with a curved

coor di Kf2él nettie I3E'sBIESH B‘?W%@%@WEPE”QH of gatgEmiging, il URERS o

stretc badmemmrmlmpeigm fnh @b lin ARGFRAREIWAK ondidtpl@haflaiecofahd ethod of Fhdg@ige hi ng

step of Fig. 14, [00311 Fig. 20 depicts a projection diagramin 3D for
i |1 ust PEPFHREY Acldic¢i8ed in a preferred enbodi ment of the present

idnvent ij@o24f or m@rlﬁﬁremcmorte]therlmlﬁmrﬁ&xﬁ A B gy s%dng Por@rodes ng Aéapt?x[eeaazge. Fig. 0(2) 53

epi ct rectangul ar net follow ng the adjustnment, steg of Fig, 14. 1
Fig. zi‘“ﬁébi cie g 8]t [Ny raarﬁ?‘g%‘? Of?éff’&%ﬁf@wgilmaﬁ% FAPITG aﬁc%é’é‘ﬁg‘?red
nmodel  fRf preeef ihOéiiong the stretching step of Fig. 14. [00341 Fig. 23 depicts
a side view of_an (L)}Eeﬁe)ned hook for_illustrating a preferred nodel for

per f or qu;g] t hfé:i%_.deS Hihg ﬂg!tvglb'irbqf appgthociﬁ)_r generating a curved coordinate net for an

image of a warped document.

[0027] Fig. 16 depicts a flowchart of one method of performing the local direction
enhancement step illustrated in Fig. 15.

[0028] Fig. 17 depicts a segmented original image to be corrected by the image dewarping
technique of Fig. 14 and illustrates an alternative method of applying a curved coordinate net to
an image of a warped document.

{0029) Fig. 18 depicts an example of an image of a warped document page with a curved
coordinate net.

[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.



[ 00351 Fig. 24 depicts a projection diagramfor further illustrating a
nmet hod for performng the adjustnent step of Fig. 14. -5 WD 2007/ 103251
PCT/ US2007/ 005492 [0036] Fig. 25 depicts a thunbnail inage for further
illustrating a method for performng the text area segnmentation step of
Fig. 15. [Q@3:0)7/fesm1 26A depicts a small segnent of texeci/rsmerdosszfurt her
illustrating a nmethod for performng the text |line distance detection step
of Fig. 16. [0038] Fig. 26B depicts a thunbnail inage for further
illustrating a method for performng the text line distance detection step
of Fig, 16. [0039] Figs. 27A-F depict six 9x9 directional tenplates that may
be used in performng the conpute and enhance direction-matrix step of Fig.
16. [ O0Qou3p] Fi drig. 28Alcpard zct}mnﬁmmapnageefdr furthereilloftraging aanetbod for pedfardiingythei nes
of tex# used for furt er Sl gﬁerating a nethod for performng the
di rect egharﬁgﬁgrg(enbaggg& &t énent step of Fig. 16. [0041] Fig. 28B depicts
an i m@eE3gf thegsioal @Etp(ikns @fsmtalexég:ﬂdnnestematagm foehgdhestatiegla iredrodtthe  t ext
lines in_the i 9¢ ? L9 g gg direction-matri x based
enhancB?Fé‘?ﬂ“%%g‘g Bft ‘IEFS'S angg etfﬁﬁ’&ﬁepﬁ 3”‘*% A depicts an inage of skel etons
of texl[od_mpes mg%ﬂ@‘pldtyﬁﬂhlﬁfbnhil irisderfat funeoill@stravitighaadethod fopeffomiihgg t he
t ext I|ne e>i %Ctl on [0043] Fig. 29B depicts an exanpl e of

st e . 5
skel et i BF g I‘F‘rtnaé’(fetdgt)?f’t?qr\ %‘E"s‘)fgﬂ& hmay be generated fromthe image in Fig.

298 duro039] ona?lgretzhaol? opittiex Oexdirdctioigal eanﬁ;ﬂaei thahmay Bp usdd ifripgrforhfing tHe0044]
ver Jcal detecti on that may be used during one nethod

F| g. 30 depi ct
exf?ﬂﬁ?te?ﬁi ‘ﬂ?aﬁé% iggetiogspatix §i6p ph lgr ge of Fig. 29B during the text

I l ne exdo4agt i mgsz‘sespdéﬁlctk:hgapt&&d imh @045 ddcu@snt id¢lAdiBg diepd 6t texttuexd fdri nes

i mge for further illustr anot her .nmethod for rformng the t xt l'ine
ext ractrgnr dhisiine sghoper T ABPer Ll osouastet el RSP 81 rmgo

extractigd fromthe segnent ed image of Fig. 17 for use in one i mage
Seve DL 0T, 4 SR ST PP Gt SR el e 1
use i ntéxtilifegia thcinedppiolFid. @8 AfbNpiging thefdifkctidrt mabdet Bist € enHanssdnpbiep bf Big,
Prefer rlgd Enbodi nent s
[0042] Fig. 29A depicts an image of skeletons of text lines used for further illustrating one
method for performing the text line extraction step of Fig. 185.
[0043] Fig. 29B depicts an example of skeleton of thinned text lines that may be generated
from the image in Fig. 29B during one method of the text line extraction step of Fig. 15.
[0044] Fig. 30 depicts a vertical detection band that may be used during one method to
extract the lines of text from the image of Fig. 29B during the text line extraction step of Fig. 15.
[0045] Figs. 31A-B depicts text lines image for further illustrating another method for
performing the text line extraction step of Fig. 15.
{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 reduce or remove distortions
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[0048] Enbodl ments descri bed herein are operable to process an i nmage

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 docunment inmage is isolated fromits

backgr oundwoenbodsisent s descri bed herein are operabl e teCcT/BS0CR08192T ENDVE

distortions -6 WD 2007/103251 PCTI U52007/ 005492 of the captured docunent

i mge. Enbodi ments described herein are also operable to rotate the

captured docunent inmage to its proper orientation. Additionally, enbodi nents

described herein provide the user with an eval uation of the success of

i npl ementing each of the steps in its various enbodi nents. [0049] Figure 2

depi ct sf the ggriercd ldo¢uroeut frarge. Fmbodimedite desdbehdroid sk oalspppuelds inptae tapt ur ed

digita al 0. The
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may be providei th@ulsef mmavazwalaa@ors«zii}hc sgcessof implrmapting eaCh obHe Sewbardntsre nt, t he

i mge ORY, %mb%ﬁ%e\(u?d froma digital canera. In another enbodi nent, t he

i mage nay ‘Be received from a stationary unit conprising a digital canera. In

yet angaiof erfbgm‘e @elepictst hgenermh e wabart dfar prefcmedrwﬂfqdcfm arobcdsmgmfuapmgﬂfdaph

capt ur S0P B, aseer Bt HER R0 B NIRRT PRl T bF b P MR B LRI g Y

f r om agg0 odmprises krlomesttdma@e Tredligina irhage mi)ebrtneomvexl frbml\@sousl@ﬂﬁﬁi Birep 230

oper at es tg i.denti ured docunent e fro er er of the

hage., CSritRn AL kpbalint BRSS9 Farhveh B el el et cRABE i < otep

230 rraymbpdm&he tlteornagetre:gtbetrh@v&dgesn oftatibrewrg apit uwreﬂnsimgalri@mal ¢amege. InThi s

Step 230 AL A0 ARELALE LRCHAD bl e RATKAr PHII A LG, LIPAS fkpm the

capt ur ocunent 1Nnegeé so a '8 separate t ackground.

Step 24i€gltlzedf & slemtlbms wherditlst untalge bas hs@rm)miqustypfapaweisb)t an ¢ledtmnds ioragingnove

t he d| st.or | ons of th aptur ocumenlxth %ome of t he. di tortlons
ggnst

whi ch thY§>SHEE8 5 ey o rg?eé‘fed e Ve PRrass sigdivas 197 sFEFeYions,
| ens difédsorti ons, warping and i ght dist or t ions. Oher distortions may al so
AT AL R e e R R
docuneimhagdyagete dbackgreurde Step 28(pioirdfeméed toaks sé@i\dﬁa:sqne Thid @eyd 230 may a;mﬂaté (1)
e e N e R TR i R TR
t 0 r ot dhekgrdradod pielinage Goauie rhpturedglecanan idageoyas td Beparepthe document from

its background. Step 240, referred to as distortion removal, operates to reduce or remove the

distortions of the captured document image. Some of the distortions which this step 240 may

operate to correct are perspective distortions, lens distortions, warping and light distortions.

Other distortions may also be corrected in this step 240. Step 250 operates to correct the

orientation of the document. This step 250 may opcrate to determine whether the captured

document image should be in a portrait or landscape orientation and to rotate the captured

document image accordingly, This step 250 may also operate to determine whether the captured

document image is upside down and to rotate the captured document image accordingly. In step

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



260 the processed docunent image is outputted. The processed docunent inmage
may be outputted 260 through various neans, such as displaying an i mage of
t he processed docunent image on a nonitor, saving the processed docunent
image to a conputer file, electronically transmtting the docunent inmge,
or printinyane/ysdessed docunent inmage. [0051] |n sonBCENBWHI/HWE4ES, it may
be desirable to performfewer of the steps reflected in Fig. 2 or to
reverse the order of certain steps. For exanple, sonme enbodi ments may only
include -7 WO 2007/103251 PCT/ US2007/005492 distortion renoval, or
segnentation and distortion renoval. In other inplenmentations, it may be
desirable to only performthe distortion renoval and orientation steps.
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by seaiiddntifigs theedgaiod thxotaptused ihthge dpmrmrs tqadletmmmélrtm papdurby doclmmenit frpageg
portlo%%npns ?F%%gglved imge that contain a transition fromthe
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r ecei véodS3imgelighne dodepicsrp Odwrobat of oteeemlasianeddf kmadge hasedsamrethtiobegi nni ng
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gets of he received’i nage . I'n"on , It 1's assunmed
t hat t fog sdzuclung figr edgegeintso disigp peintstdie dgemiieed by idehdlymggmirtvad of thegreceived

anot et EIRAM Ol o banliSo R ASHTRELARBL UL B BaRRR ol ihe ARULRAD. Ripg he captured

docunen mage has a |xe nt ensi ackground
In the dpctanmtrpgniwgquhm regeifedimaghe Isen¢ embodimiehe thegeaiivadmagungescai@d af t er
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t o backgrouna prxersis Sear ¢ e scan. nnlng begi nni ng
from t herdeor cnfehe ofceivhe imaeei20edn Dmmgnbdtm@;mtam isase@nedsthai e ldbctfnnmd irn@ge

Tho prociid BEH NN BB HLaN B Th P E PR RS s B B ™
410, 426kt pbriioorod theempndemmmehhmagednes ¥ pixel inpgeity sresteathae thad@fits 420 both in
the hor | gl?rrlcgflanld a}rqghevsecgulung Legmnmg from the center of the received image 410, after finding

an area that can be identified as document pixels, the transition to background pixels is searched

along the scan. In the scanning beginning from the border of the received image 420, an area is

identified as background pixels and the transition to document image pixels is identified. The

process can be performed utilizing either one or both of these scans 410, 420. Inone

embodiment, the received image is scanned 410, 420 both in the horizontal and vertical

direction.

[0054] A random sample consensus step 430 is then performed. Figure S depicts one

embodiment of the random sample consensus step. In this embodiment, the random sample

consensus 430 is executed by selecting two points at random 510 from the edge points selected

in step 410 and 420. The line connecting these two randomly selected points is then calculated

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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direction. [0054] A random sanpl e consensus step 430 is then perforned.
Figure 5 depicts one enbodi nent of the random sanpl e consensus step. In
this enbodi ment, the random sanple consensus 430 is executed by selecting
two points at random 510 fromthe edge points selected in step 410 and 420.
The |ine cworeetiotnjit hese two random y sel ected poi nts PEI/USRIT/ W92 ul at ed
520. In one enbodi nent, angl e-di stance coordi nates are used, where the angle
value corresponds to the angle of the |line segnent around the center of the
received i mage and the distance value corresponds to the distance fromthe
center of the received image to the nearest -8 WO 2007/103251
PCTI US20071005492 point in the line segnent. In other enbodi nents, other
coor dipeantdn thedingrssgmenyt- beothseembodimehtadithey cordinatssysishes, mOabq wssi.an
coor di a8, Ofr Bllle (Oedal RbSiinaldBP GoldAldRTin LS Y £ they TSP 0SS
of sel gg}'?nﬁ 0o T andom Sgll nt s&}alrngm Ego \‘éﬁé"e rcl)zlﬁnt s%%gfgg;éned f en} edod 420
is rePeareckss gf wﬂﬂcang twio sanflpingiodnts fromurthé edggrp@ups ei3ained m émeareirﬂi@dai ment ,
this p I Ve di i1 H;% @tr gtggle si zes
t I
may belregfgag%sto,&?) %a e,fQ?.ﬂfE’@Qn 4 p eé@tﬁ Eé%]alnrdsn o& boagl?‘#’tg g ?I e on the
sane |fiveetharsengtimgpabiough d@ffﬂsm safnptlehezqs mhatyi tegl use@lgeftpmhmsemslemmeemrs af 410
and 4 F Pl qm%@ﬁg 5 bis. 1P 496 ntd & ﬁ‘ix‘?i’d
[ nage%g)a'gt%(ra%i?ﬁng el u%[)gﬁ% ue?%t ° %ﬁt he Spo?nfes Wb'.lﬁ%@%go& stfeic Sut eg (l?nto
four sarsl 420raangetslya@prreefspdwohdﬂgs ofghe Hecvivent i 1 tHowwaiynd ireagse spprotiinatslyt he
r emai n r f 18 tuef  the
possi b oor{}l; At,\% ]Ltsﬁllwﬁﬁqb& 1% Ow%ﬁﬂeégﬁgn%r%ggr?g%@ottﬁé “have the
nost gqlcumpedt ¢dgpe wrsleghewmlrﬁng)pezn@ wrrﬁéie saremi gerrmahyt\hnmw aveothegedwped | i ne
segmen| ified %rh e 91? nt in
the r e?:lg \%/Isé gslé ggorémg{gg T (?] fOéllg'] g&ge ﬁﬁ%rgh%glq nqu gl%sige th%g moht peﬂq‘%
segnmentegens Sﬂﬂend detex mmmenint thrdsboltilpé gtoeb&d ligg :ggtn,ennscape Einnltlﬂimltasom edges
accordin re i ¥g R itiqns..in_ the rngj 055) After
Fandont-Bekap ek A5 fou @Y S BB L RIF pislel o SREEL YRS gtk RRRE e
r enovathesacmniedm qumpecgmrmedeahmng:tmeled@d) bedteilef rafht,adgenpbetrinsedges f ur t her
reflne the tif dges. I n one enbodi nent,
depi ct e((f in gFLO(%Relr re?’)ﬂq BBUBHS ﬁ]nﬁ? 1%’8 (?F%afgconductl ng a linear regression
bet wee@0the caﬂﬂeecandom smfnpdaadgmspuumﬂso seerfespdndi g dntbodiveersf an ditiieredges  of
the rer%elo\(’g p‘? erf(l)rra eamon tﬁ Olﬂ? Il(g rgesslln%r{ r%%er refine; thea i ne I S
drawn "at% n§p? ¥ 80 accura ef hect ot RE"E i on of édge points
610. fdehtlﬂ@capon of the Lalb_tnh_e&tt edgersorhxbhe Smbmch'mant dqgasted;m Figutel ) ¢his & pdefoaned ned
to be gy nsd li]r?gea 1rl1JJa; Irccglreesgitoln%e{ aerenftlgeo mllecthon of egge points corresponding to one of
the edges of the received document image. In a linear regression technique, a line is drawn
attempting to most accurately connect the collection of edge points 610. If the point furthest
from this linear regression line is determined to be a distance sufficiently far from the linear
regression line 620, the point is removed 630 and a new linear regression is performed. This
process is repeated until the farthest point from the linear regression line is within a threshold
value and the resulting linear regression line is determined to be the edgé line. This is performed
on each of the four collection of edge points representing the four edges of the received image
document,
[0056]) Referring back to Figure 3, in step 325, a calculation 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
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regression line 620, the point is renoved 630 and a new |linear regression is
performed. This process is repeated until the farthest point fromthe
| inear regression line is within a threshold value and the resulting |inear
regression line is determned to be the edge line. This is performed on
each of th&d mor/106zd1l ection of edge points representi ngPCHESIOUNSEAges of
the received image docunent. [00561 Referring back to Figure 3, in step
325, a calculation of the accuracy of the identification of the edge lines
fromthe edge-based segnentation 320 is determ ned. This step 325 nay be
referred to as the calculation of the confidence. In one enbodi nent, the
confidence 1is calculated for each edge of the received docunent imge and
t he | ohestisdeteuringd tafet e wiveral corfidenec. tInegycoarether embedificdb acembinstign ot her
enbodi [ :00f -1 o 51
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t he prpocessor I S programed to assure the rmage |'S non- docunent I mage and
| eaves Tihe bamdltbEpgug thiTtrebibmefi it thefabilgy myddidnit svhentiedk ivevtdocemedtandisi ity to
detect whgR.diRGE %at‘ all, glgﬁgi)s%}é%%ec'a{?%ttﬂ% ern%% YA thd fRAEH & pdbdss a}@iess of >

usef ul Hecause thi's enbodi ment can be use O process a SefTes o i'mages

t hat combgdsnha comtainue miahrepif piaturesofafocumentsremt Seaype dffpictargp forofhigh pdoptees f or
whi ch peopl e . oftherw se use their neras._ever Y. .Su j.ct ures of

peopl e PGP i e KBal Biesd 1, SucRTBISRRe ST sB0NER BB T s

pi ct ur ebsancé bf nddcubentimstorthadhosepicirepwd Bt befdidtidreed. bosiép sHhefghe n t he

edge- baged, s i O 320 S fficientl jgh, then a

cont entSAeIEETEEL Bhl:PhsPh SHylod sBBa28 1 s Sty B inch § - basea

Al t er natgrualtytjoncdistepris hawyealsslegpeefoatd. oYitonmayi velyecdrinnt-based segmpentafion may
segnent atd'1 on lﬁgrf%rfrred.%LQOSB The gontent - based segnentation step 335 uses

the text 0 eypgapts?.ﬁné e §rf°me
[0058] The content-based segmentation step 335 uses the text of the captured image

document to calculate the edge of the captured image document in relation to the text. One
embodiment of a content-based segmentation process is depicted in Figure 7. In the content-
based segmentation process of Fig. 7, segmentation is accomplished by identifying connected
components in the received document image 710 and finding the nearest neighbor to those
components 720. A connected component refers to a set of pixels in the image where each pixel
is black or dark and each is adjacent to at least one other pixel in the set. The centers of the
connected components are then connected into lines 730, which are then used to determine the
border of the text 740. From these borders, a margin is added 750 in order to identify the
location of the edge of the received document image. Although the size of the margin may vary,

in one embodiment, a standard margin is added in step 750.
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docunent to calculate the edge of the captured i mage docunent in relation to
the text. One enbodi nent of a content-based segnentation process is
depicted in Figure 7. In the content- based segnentation process of Fig. 7,
segnentation is acconplished by identifying connected conponents in the
recei ved deowoentsismage 710 and findi ng the nearest neigtibosz0tmosdnse
conponents 720. A connected conponent refers to a set of pixels in the inmage
where each pixel 1is black or dark and each is adjacent to at |east one
other pixel in the set. The centers of the connected conponents are then
connected into lines 730, which are then used to determ ne the border of
the text 740. Fromthese borders, a margin is added 750 in order to identify
t he |[00%58])i onRefertifebaiige Faf. 31 hstapetd@ithecbrdnsuﬂﬁmtcabuu&@eiocédnbmdugge dree si ze

of the in .y va o ne enbodi nent,, a dmarlnl ed in
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{
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i mage. injdge611 One enbodi ment for adjusting the image to correct for
erspective distorti icted i.n Fi ment . nvol ve
oo VBT et Co Sriagitd Srathat B o8t 81505 Appe S S CR S new set of
i mge @apﬁmdi m&ngmm 8t dTthB(ﬂb’qﬂuﬁexﬁtlinvdl\)e,s nidpiprg 4 feeoBiagige pbaddirares 83 0efor 230,
320, 335 t i 340 [y,
SRR SRR (P S s e R A R T e R el
cor r espema3(®, G20, Bﬁameiﬁljrdpmmtﬁaéocﬁmdmcarﬁﬁﬂtenﬁhﬁdl Bdo.gepgeicaly, yn have t he
shape of a rectan i ment iﬁie mag[plng% 810 i s, perforned
Dot B R perriys P THSh TRt Fotrer ot el g ee d tapRit rent for
acconpivhalhsgdddanennghionidgn8hQy ihdvd the lshapleloze réctd i) gEs PinSonk remsﬂmrdmt i on
bet ween t he no gl storted |er oord| tes and.the di.storted $Irr§5

g‘ Pfom t he

coor di RERPPYIES 1L is Pﬁffﬁfa'ﬁﬁ e%e“f RN Fhe drvirgd s riang
di st or ¢mbodiinked fof sbiplistifg thos fnbﬁpxﬁ@ﬂio is to utilize a homogeneous transformation

between the non-distorted pixel coordinates and the distorted pixel coordinates via a
homogeneous matrix representing the transform from the distorted pixel coordinate to the non-
distorted pixel coordinate, which is known in the art. The transform can be calculated by
comparing the four corners determined during segmentation 230, 320, 335 with a corrected
dimensions of the non-distorted received document image. In one embodiment, the need for
calculating the transform at each pixel point can be avoided by simply calculating the transform
for each line and utilizing linear interpolation to calculate the new pixel coordinates. After
mapping new coordinates corresponding to a document having a reduced perspective distortion,
a re-sampling of the pixels is performed 815.

[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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di storted pi xel coordinate, which is known in the art. The transform can be
cal cul ated by conparing the four corners determ ned during segnentation
230, 320, 335 with a corrected dinensions of the non-distorted received
docunent image. In one enbodinent, the need for calculating the transform
at each pi & 20pgioatsican be avoi ded by sinply cal cul ati ngCT/h82007/@d¥Rorm f or
each line and utilizing linear interpolation to cal culate the new pi xel
coordi nates. After mapping new coordi nates corresponding to a docunent
havi ng a reduced perspective distortion, a re-sanpling of the pixels is
performed 815. 10062] Anot her aspect of the received i mage that nmay be
adjusted in the distortion renoval steps 240, 350 is an adjustnent for
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240, 35bhehsheamagel] dstument nsfcapmradraeam hlalmueraegldltcstlmrxxag@n“ﬁhesEdrstoetiempha, if the

I maged dglcb%rggprtecteé *nathg %%?orgfoxr ?EmoQ/gl(st Zﬁa% A de't:axgd de gc’ﬁxphor? 8}’ I'BAE etrreBage may

have a curv curvat u
Al so, tehtbbelmmyfolnde\aaxpergsq:aemmd/magesoﬁmt)kmmd mlmrdot:hneemtsragahdf (éqmmlent is

captured at. an obl j.qu to t age. The 58 di stort ons. be
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of a prefoerred enbodi nent for dewar pi ng captured i mages of books and ot her
docune lred Vi n rspgetive. disto from such
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reduces ta?-ﬁ col.or, dept t he pot ent i, al dva agehe
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phot ogriapgd. g ohbembodiagat, uhmﬂmﬁolenitg@ddd&wﬁds redhecet ﬂfe&ﬁzbﬂﬂydbﬂlgblpf(ﬂﬁxess 365

' educeslmtaf?ees t(g \cl)\lr?enlgi¥f)lfagllcj bind” t'hlte lmages The potential benefits of reducing the images to black
and white is the reduction of the effects introduced by the camera's flash and the reduction of the
amount of information required by the system 300 to process. The thresholding 365 can be
performed in a number of ways. One embodiment may utilize a dithering technique, which is
known in the art. An example of a dithering technique may be found in existing image software,
such as the SNOWBOUND® IMAGE LIBRARY by Snobound Software Corporation. One
shortcoming of using a dithering technique, however, is the introduction of noise into the image.
Another embodiment for thresholding 365 involves selecting a global threshold for an image. In
such a technique, a threshold value is selected. Those pixels having an intensity greater than the
threshold value are deemed white and the remaining pixels are deemed black. The threshold
value may be selected in 2 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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i mges to one bit black-and-white inmages. The potential benefits of reducing
the inmages to black and white is the reduction of the effects introduced by
the canera's flash and the reduction of the anmount of information required
by the system 300 to process. The threshol ding 365 can be perforned in a
nunber of way®07/@s1enbodi ment may utilize a dithering pErbspogues49nhi ch is
known in the art. An exanple of a dithering technique nmay be found in

exi sting image software, such as the SNOABOUND(r) | MAGE LI BRARY by Snhobound
Sof tware Corporation. One shortcom ng of using a dithering technique,
however, is the introduction of noise into the image. Another enbodi nent
for threshol ding 365 involves selecting a global threshold for an inmage. In
such ecerlgglimenuevoleng threemlabylsis of dherecdi sedsiglage tapdissuTip®e ipined¢ thahthei ng an

i nt enS| ok gat er n hr i
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identify local peaks and valleys in the pixel intensity 920. These peaks and valleys are then
analyzed to determine the lines of text in the document. For example, if the received document
image has black lines of text with a white background, the lines of pixels that are entirely white
will have the highest total intensities and the lines containing the black text will have
substantially lower pixel intensity. These differences in intensity can then be calculated and the
lines of text can thereby be determined. In a preferred embodiment, the lines of text step 370 is
executed both horizontally and vertically across the received document image.

[0067] Another embodiment for performing lines of text step 370 is to perform a similar
search for the lines of text as that performed in step 335. In one such embodiment, the text of the
captured document image is identified and formed into lines. This may be accomplished by
identifying the connected components in the captured document image and finding 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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recei ved docunent image have a |lower intensity than the background pixels of
the received docunent image. In this enbodinment, the sumof the intensities
of all of the pixels within each of the rows of the received docunent inmage
is calculated 910. These suns are then used to identify |ocal peaks and

val | eys i nworeeopiosxsh intensity 920. These peaks and val PEYES2807808492n

anal yzed to determne the lines of text in the docunent. For exanple, if the
recei ved docunent inage has black lines of text with a white background,
the lines of pixels that are entirely white wll have the highest total
intensities and the |ines containing the black text wll have substantially
| ower pixel intensity. These differences in intensity can then be cal cul ated
and t heentérp pEihe gpnrtegted f/@@ilﬁomqi)é&@b%ebéomlﬁdrihﬁ@éw&lﬁ ig pprcessais sigellag teoibali nent |
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analyzed, but this may result in a less reliable result. In one embodiment, each line of text is

divided into three sections in step 1010: an ascending section, a middle section and a descending

section. English language characters contain certain inherent statistical characteristics that may

be used in certain embodiments to determine the upright orientation of the received document

image. For example, the English language alphabet has only five characters that descend below

the bottom boundary of a sentence (i.e. g, j, p, g and y) and has many more characters that ascend

above the top boundary of a sentence (e.g. b, d f, h, i, k, l and t). In one embodiment, this

characteristic of the English language characters can be considered when calculating the

respective number of pixels contained in the ascending section and the descending section 1020

and comparing those pixel densities 1030, 1040. For example, a received document image

having English language characters that has more ascending character pixels thé.n descending

character pixels is likely in the upright position and does not need to be rotated, whereas if the
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of lines than the lines of text 370 in the vertical direction, then the
recei ved i mage docunent is determned to have a portrait orientation

[ 00691 Step 380 determ nes the upright orientation of the docunent. Figure
10 depicts one enbodi ment of determ ning whether the received docunent

i mage i s pwopeiiiys®iiented upright. In one enbodi nent,peEacseoboosiopf text is
anal yzed. A fewer nunber of lines of text may be analyzed, but this may
result in aless reliable result. In one enbodi nent, each line of text is
divided into three sections in step 1010: an ascending section, a mddle
section and a descending section. English | anguage characters contain
certain inherent statistical characteristics that nmay be used in certain
enbodi seemt docthumentétae rire deschralingchagditer pixebnthart asoendifg tliveactegixels thedocunent

i mage. ,For e le, .the English |anguage.al phabet has _anl ive characters
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sentence (e.g. ,b,. d f, i, k, .l.and t).. I n. one enbodi nent., this
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12 depicls another, embodirent Tof performng step, 380 and fefermning
center of the lines of text, and are grouped as ascending or descending based on the relative
location to this center in step 1230, The total number of ascending and descending letters are
then calculated in step 1240. In a typical English language document, the large characters will
ascend towards the top of the page. Therefore, in one embodiment, if the number of ascending
large characters is greater than the number of descending ones, then the document does not need
to be rotated in step 385 prior to outputting in step 390. If, however, the number of descending
large characters is greater than the number of ascending larger characters, then the document is
rotated in step 385 prior to outputting iﬁ step 390.

[0072] The image is then rotated in step 385 according the determinations of steps 380 and
375. The new document image is then outputted in step 390.
[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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the received docunent inmage 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 height into two categories, small and |arge
1210. The center of the lines of text are then determned in step 1220. In
one enbodi werde7/fobsismal | letters' heights are used to eeresxmimesehe center
of the line of text 1220. This nmay inprove the estimate of the
line-of-text's center if it is distorted, such as if it is curved across
the page. The large letters are then matched against the center of the
lines of text, and are grouped as ascendi ng or descendi ng based on the
relative location to this center in step 1230. The total nunber of
ascendiong s@anadnade saeerdisygeth dott @piiriag e dotiraent dmbga | latthid eiﬂrbOéimmut 0. In a
typic A de r t owar ds
the. t ot Bt 210N, PR Tbn of 1S S BEHT S IR Gyildnens e B
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a stat?d néﬁpy AMETa 8§ |Ir’1cf &Pt ur IRG & docirent ‘this
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a preferred enbadi the ba S t erm ned
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not her e addi ti onal htin L nc d on the base
110" oF CLPARE T30 of gt AR Sefinhey st s P SF ceparat e
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system to better adjust for lens distortion, since the distance between the camera and the lens

used will be known, thereby reducing the need to calculate or approximate these parameters.
Another potential advantage would be to reduce the distortions created by a camera flash. In a
preferred embodiment the lighting 1150 of the stationary system would be positioned so as to
reduce glare and other distortions created by camera flashes.

[0075] Although the use of a stationary camera system may be desirable, such systems will
not always be practical or available for many document imaging needs. Thus, a method of
removing image distortion caused by a warped surface of an imaged document or book even
when the image is captured at an oblique angle would be extremely useful. The dewarping
process described below in connection with 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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enbodi nent, the conputer may also be built into the apparatus. In still

anot her enbodi nent, the captured innmage docunent may sinply be stored either
in the digital camera 1140 or in another nenory source and |ater coupled to
a conputer for processing. Such a stationary canera system can be placed as
part of a WO00E10Stkstation in, for exanple, an of fi cePCHDPPA00Tere are
several advantages of utilizing a stationary canera system as opposed to a
freeform canmera- For exanple, in utilizing a stationary canmera system the
anount of perspective distortion nay be reduced, since the docunent is nore
likely to be perpendicular and centered with respect to the canera lens, In
addi tion, another advantage may be to allow the systemto better adjust for
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| mge ﬁfoﬁ] ""arc‘?l?%ddc%‘é}ﬂ?ﬁ% ndtq 32 ﬁgf% bt 9&?&'&9 lih e%s 5934‘;#7356 Shed

docuneht Thi's 1's acconplishe ranstorm ng e | nageé cunent from a
cur vedyesbridi hiat eegyat e, 38, 3'a3 Carctagmiraon Sootedeneak @nsysegmathenthgeep 10 of

thi's mpdehabases AENaLR REe BN PERER indnE M8 Tn of the y-axis 32, but which intersect
on a common vanishing point which is not shown since it is outside of the figure. Thus, in the
illustrated embodiment, the concurrent line segments 33, 34, 37-39 are more separated from each
other on their bottom portions and are spaced more closely to each other on their top portions.
Further, because the degree of curvature is greater near the y-axis 32, which corresponds to the
center of the imaged book, the space between line segments is greater the further they are away
from the y-axis 32. Thus, the space between line segments 33 and 37 is greater than the space
between the y-axis 32 and line segment 38. Although there are a number of methods that may be
used for applying an appropriate curved coordinate net 132 to an image 131 of a warped
document, two preferred methods are described below in connection with Figs. 15-17. In one
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 corners 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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coordi nate net 132, as best seen in Fig. 18, is applied to an inmage 131 of

t he warped docunent that is to be transfornmed. In step 11, the curved
coordinate net 132 is stretched to forma rectangul ar coordi nate net 134 as
shown in Fig. 19. In step 12, rectangul ar coordinate net 134 in Fig. 19 is
adj ust ed t ovgewenexral an adj usted rectangul ar coor di nat e PEEUS2BG/0eM™I2ZShown i n
Fig. 21. Rectangular coordinate net 136 is preferably well-proportioned so
that inmage distortion caused by warping of the docunent originally inaged
and or due to the perspective of the canmera is reduced, preferably
substantially reduced, and nore preferably conpletely renoved. [0078] Curved
coordinate net 132 in Fig. 18 conprises |ine segnents 33, 34, 37-39 and the
y- axi s [B9] Li reor segneaintsind’dg. 184its @Fre8gording cpopsinaté om a ffartgsiseedasdinate

concur g nd in
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131,
[0081] Fig. 22 is a side view of the projection for line segment P'Q' 39 on the curved
coordinate net 132 in Fig. 18 to corresponding line segment P'Q’ 49 on the page surface 142 of
the imaged book. Thus, line segment P'Q' 39 in Fig. 22 is on the image plane 67 and extends in
the direction of the y-axis 32 and line segment PQ 49 is the projection of P'Q' 39 on to the page
surface 142. It should be noted that line segment PQ 49 on the page surface 142 in Fig. 22 also
corresponds to line segment PQ 49 on the rectangular net 134 in Fig, 19.
[0082] In the projection diagram of Fig. 22, S corresponds to the lens 66 which is used to
capture the image 131 of the page surface 142 of the imaged book. The optical axis of lens 66,
which corresponds to the z-axis 65 in Fig. 22, intersects image plane 67 at O and page surface
142 at R. H and I are the foot points of P and Q on the z-axis 65, respectively. Thus, if ZPRH =

0, by geometry, the following equations may be derived:
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each pixel on the imged page is decided by drawing a |line fromthe

vani shing point through that pixel and intersecting with the bottom edge 35
of the book page in inmage 13 1, The di stance between the intersection and
the y-axis 32 is then the x-coordinate of that pixel. [0080] However, it is
nor e conpl @® ZH@/deser m ne t he y-coordi nate of each pi xetCruS200T@0540r ved
coordi nate net 132. One nethod that may be used is to divide each of the
concurrent straight-line segnments 33, 34, 37-39 that extend in the
direction of the y-axis 32 into nmany small sections. Figs. 20 and 22 are
useful in explaining this process. Fig. 20 depicts a projection of the book
image in image 131 (shown in Fig. 18) on to the page surface 142 of the book
t hat was iﬁﬁgngCM$%ﬂéﬁggcﬁélnts P(x) and Q x) are located at two of the
opposi ng cogper sp@f esrpager surface 142, it is to be understood that P(x)
can be located at any point on the top curved edge 144 and Q(x) is |ocated
at the_intersection of the |ine segment on which P(x) lies and the bottom
curvedT%ﬂ§€3 AE'Qf t he page surface 142. The same applies to P (x) and Q (x)

shown in inmge ééiéai[ogﬁltRFj%g Z%A a.sjde view of the projection for

l i ne segnenpghR: Q= : ed__dgﬁﬁﬂﬂ%ate net 132 in Figl) 18 to
correspondi ng | i n8HsegmedR R 4958 RRkwosfage surface 142 of  the i maged
book. Thus, line segnent P Q@ 39 in Fig. 22 is on the inmage plane 67 and
ext endsyrttRr, Yy SEct i BR efd, Pite=y- axhish dhapdobidiisaymrtte g1 g, Rt he
projection of P Q 39 on to the page, surface 142. It shoul d _be noted that
line s"éénéﬁ%‘C}P@gﬂlﬁgy'ﬁ?PrfIWé‘ep%@@“éﬁr‘ggt?e1 Aben Fhuepgn (1D 523 PE FWIHEP R8s ponds t o
line segment PQ 49 on the rectangular net 134 in Fig. 19. [0082] In the
projection diagrgmiob Fig. 22, S corresponds to the |lens 66 ich is used to
capture théﬁrﬁqgg Jootgof the page surface 142 of the inmaged k. The
optical axis of Iens 66, which corresponds to the z-axis 65 in Fig. 22,

i ntersects inage plane 67 at 0 and page surface 142 at R Hand | are the
f oot pbermtisd,cindP capde prpidererbconsianisdf i 5, aspumqsitbat thefigtanghfiem the camepry = 0,
by geo A i r 5 & : 103251
P OBl o 5/ 5°G sy R RO 0% TReRE. CHUR R e or
P' O, P®EingSOPH SO. PRsi nO _ SOPRsi nO Sl | SR+RH SR+PRcosO (1)

a= d _ cosf
fsing '’ fsin8

Substituting a and b into equation (2) results in equation (3) below.

- X
o= 3
> a+ by )

Equation (3) is the transform function for the y-coordinate between P and P'. Analogously, by
setting Q'O = yq , QR = yg, then an equation for Q and Q' can be derived:

Yq
- 4
e a+ by, )

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 = Vq+ ; Op-Vo)
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Further, by setting SO=f, SR=d, PO=yr', which is the y-coordinate of
point Pin Fig. 18, PR =1vy,. which is the y-coordinate of point Pin Fig.
19, then equation (1) can be rewitten as _ fypsinO (2) Yc d+ypcosO Here f,
d, and A can be considered constants if it is assuned that the distance from
t he caner awd »m810661t 0 every point on the book is the semeusihenefore,
equation (2) can be sinplified by letting d 6= cos 0 a=, fsin0 fsinO
Substituting a and b into equation (2) results in equation (3) below. YP (3)
a + byp Equation (3) is the transformfunction for the y-coordinate between
P and P . Analogously, by setting QO=yq. , QR =Yq, then an equation for
Q and Q can be derived: Yv (4 a + byg Referring back to Fig. 19, let PO
Pi, P2wherPi ise 1n2;1. poiQonsbisiap avidit Ephasae@),ywomow hne dehesrbofdatetdn thach
point P; has a_y ¢eqrdinate which can be represented by they coordi nates of
poi nt ‘Iﬁ‘agﬁﬁg‘“ﬁgi’n "%.“F “‘each point P;, we have: Yi =Yg+ i (YYP-Y) n -19
WO 2007/ 103251 PCT/ US2007/ 005492 where i is 0, 1, 2, ... n. Conbining with
Equat i on (49 . Wweyinow have all they coordinates on the inmage plane Po', Ps',
p2', ...P~""y ), y a + bye [00831 Using equation (5) thé i ne segnent
PPQ 39 is divided into n sections. Dividing all the |ine segnents al ong
t he y- @0OB3] t hbsingicgpatopo(s) iheale segoe R 1381s digtded 3utoinrseftians. RFidisg glétheup by

pi xel - 0 REXEhis TRRR 'tiFy bRt BR pfpbMRHaGeQA MDA LE: PREin g 19is Y b38-
pixel-to-pixel mapping from the curved coordinate net 132 of Fig. 18.
[0084] Although the rectangular net 134 in Fig. 19 has parallel vertical line segments 43-44,
47-49 and parallel horizontal line segments 45, 46, the space between line segments 43 and 47
are larger than the space between y-axis 42 and line segment 48. Therefore, the next step 12 in
the dewarping process is to adjust the width between the parallel vertical line segments 43, 44,
47-49 of the disproportional rectangular net 134.
{0085] Referring to Fig. 23, consider the book surface of the page as a cylinder-like surface,
if the book is viewed from the bottom side, it should have a right curved page surface 91 and a
left curved page surface 92. In Fig. 23, the book spine 80 is located at the origin and the book is
located on the x-y plane. The book side edges 83, 84 are shown as dots from side view. Line
segment P,Q, 89 is also shown as a dot that has a distance byq 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, 5(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 paralle!l 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 byq 72.
Therefore, by trigonometry, the length of line segment RgR 73 is by¢/sind.
[0087] Referring back to Fig. 22, we can now adjust the distance from the lens 66 to page
surface 142 by subtracting b(x)/sinf 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)/sin8.

Substituting this equation into equation (2), yields:
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[ 00841 Al though the rectangular net 134 in Fig. 19 has parallel vertical
line segnents 43-44, 47-49 and parallel horizontal |ine segnents 45, 46,

t he space between line segnents 43 and 47 are |larger than the space between
y-axis 42 and |line segnment 48. Therefore, the next step 12 in the dewarping
process i swonoadjoast t he wi dth between the parall el verperakobiivetsssegnent s
43, 44, 47-49 of the disproportional rectangular net 134. [0085] Referring
to Fig. 23, consider the book surface of the page as a cylinder-1like
surface, if the book is viewed fromthe bottomside, it should have a right
curved page surface 91 and a left curved page surface 92. In Fig. 23, the
book spine 80 is located at the origin and the book is |located on the x-y
pl ane. The book side edgesin®3, 84 are shown as dots from side view Line
segment PaQ¥®9 IZORL $Rcos DM Sy dot that has a distance bpg 86 from PQ 90
(al so shown as a dot) on the X-axis 81. To consider the right page and left
page separ atey_, gﬁyse an_upesnérni ned funchistmdb(x) 82 may be used to

repr esent e%?’)rcy yﬂ 'nt 400) £ heok PoH(x)osinwed dgopky,deage surface 91. Therefore,
at the origin point 80, b(O = 0. %0086] Referring to Fig. 24 for a detailed
description of the adjustnment Hek(xdhe lens to object distance. In Fig. 24,
P8Qe 78 is a |ine(g@yweptosd)(d(0r+griogo0d pageinyyr f ace 142 and R is the point
on the intersection of PaQa 78 and the z-axis 75. PaQa 78 and z-axis 75 form
an angle of 0 71 The ,adj usted |line segnent PaQa 78 is parallel to PQ 74
wher e ﬁsﬂﬁn‘gégﬁéhf")ﬁ(ﬁ%i)fﬁms&sects the z-axis 75 at R The distance
between |ine segnent PQ 74 and |ine segnent PaQa 78 is bpg 72. Therefore,

by trigononet )y t&e_l engt h of gké(e segment RaR 73 is bpg/sinO 100871
Referring b4k 1% | 9. (a8 + PRoSORAHW 3¢5t the distance fromthe lens 66
to page surface 142 by subtracting b(x)/sinO from SR since there is a

di stance fr gkt he@ag€ -8()f ace 142 to the table except at th@ book spine
and book side edges, As a result, d(x) = d(0) - b(x)/sin0. Substituting-

thi s emquhatd ©is d ¢ciinstapgtisde fOA(0),2) andyy, @teddl con2@nidON2OME ArbBG2i5 taptured. And

PCT/ US2007/ 005492 YP (x) - fyP sin 0 d(0) + yp cos 8 - b(x) I sin B fypsinO
fypsi n@,(oXd(thg lingpfug€lion ofdtoP pdgey¥ecwisiBh bisdeks dadBda i)stepyR200315. Biyyapplykig

equation (6), one can now solve for b(x).

{0088] Referring back to Fig. 23, the x-axis 81 may be divided into many small segments.
For each small segment Ax 87 on x-axis 81, there is a corresponding arc 88 on page surface 91.
The length of the arc 88 approached a value AArc which is equal to (Ax® + Ab’(x)? if Ax is
very small, Thus, by letting j(x) correspond to the length of an arc from the origin 80 to any

point on the page surface 91, then the following equation can be written:

) = KAArc = KJ] + d(x) - b))/ 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%.

-21-



(d(0) + yp cos 0)(d(0) + yp cos O - b(x) / sin B) Assumng that b(x) "d +
yPcosB, YP (x) -YP (0) = fypb(x) (d (0) + yp cos 0)(d(0) + yp cos 0) yP (x)
- yp, (O =C b(x) (6) where Cis a constant since f, d(0), 0 and y, are al
constants once the image is captured. And yp'(x) is the line function of

t op edge 3o ElI3FIas been decided in step 320, 335. ByP@EHPINIHYS492quati on
(6), one can now solve for b(x). [0088J Referring back to Fig. 23, the
x-axis 81 nmay be divided into many snmall segnments. For each small segnent
Ax 87 on x-axis 81, there is a corresponding arc 88 on page surface 91. The
| ength of the are 88 approached a value AArc which is equal to (Ax2 +
Ab2(x)2112 if Ax is very small. Thus, by Iettin%Jj(x correspond to the

| engt hi0890]lan AYlkilethe abeveedeseribpididesarming pragess porkbeshwherethp hadkesenntlase 91,
then t ' ' Wt FeNevardiX) edbbdi .- d(b(x)
b(x)) N g}agg):ggh‘%é et e eulaniity 8‘%""5%3@“?&?%%?%‘3"53’9

Oncej (¥ery nsefalfoniemaying ¢istortians fiogutrnimaged doaumpnt tharhag, botlocursstutseanddj ust ed to

a vel lﬁ&%ﬁé&i&%ﬁ%n@%ﬁ%‘éh%{e iﬁﬁ%ec?'&gcugn;&paa g 'sieyrell:d.tﬂle} wtett@R891 I'n Fig.

21, the page shows the result o Ing transformfromthe book
page i 00P1)y. ¥gprefineedanethed for gengsgtingdhe arMedicapsdinge aat 1 3%6gaowideseriped in

resol ufl 304 7/ nd proxinmately 200 dpi. The di stance between the
| ens a%gggﬁg%ﬁéggﬁluYgg%é]%as about 50 cm The angle between the | ens and

book s[f0P2ke wWdker ebeokiihanci®d, degreesifapustypieslly ddwotdiedlat.tparipuBOR wircat e was
about gng%ooﬁ %itgicg\,(e%\lﬂé(,)gsq 193 Stk !%%Jel%%&gﬂ Qv m &%g&ggﬁ%{‘%gﬁl cft Ithg + dark

above- descr | fpl ng process works best when ft
col or, loogért Hingrafkertonrrdsmaesd fracarploested A Tirsfatmveased orythemvest widaly  j ust

descri ?@Q%@E%h lo‘égés)f liHéseéHlaxtB?[heéﬁ@R&in‘i&, %gm;; hirf H?axfsb,%qx%@{% %ﬂ%%?e gdocurent

that ha rvature an perspective distortio even the i maged
docunesurvedbeprdigats neel Bt i vely few text lines. [0091) A preferred nethod for

gener at t he i i o] ihed f tion
o th FS | SmERhiEst ERRER NG B ipol el 385 PR 1B, 1RNEE
t ypi cafduy meorrsaps.| Hisst.fa sep, ofperttarcuse ambytatigrehis usebtorepkraieght ficgkn 2 stodd as a

resul t i, 1N& rheSbi bhaleBa SRR 1" ¥&Dna ! 56 108E AR RN ehhicetnt F HGised
to reveal the hidden text lines. Third, a text line extraction step 3 is used to estimate a skeleton
curve for each text line. The last step is text line collection 4, which is used to select a suitable
polynomial function to represent the text lines.
[0094) In one embodiment, the text area of an imaged document is assumed to comprise a
large area of light space with some dark characters or figures on it. In order to separate the text
area in step 1, a small size thumbnail of the original image is generated. Each pixel in the
thumbnail is set to black if all the pixels that it represents in the original image are dark,
otherwise that pixel is set to white. With the thumbnail image, it is then possible to readily search
for the largest connected white pixels, which will correspond to the page area of the imaged book
or document. This process separates the image of the book page or document from its
background, and thus constitutes an alternative 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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| ongest lines of text on an imaged page are |ocated. A transform based on
the nost widely separated, longest lines of text is then perfornmed, which
in turn may be used to generate the curved coordinate net 132. 100931 The
met hod of generating the curved coordinate net 132 shown in Fig. 15 includes
four maj orwst®pzlezFirst, a step of text area segnent ati®ar/Usas/wsed to
separate the area in a stored inmage of a book page that contains text.
Second, a step of local direction enhancenent 2 is used to reveal the

hi dden text lines. Third, a text line extraction step 3 is used to estimte
a skeleton curve for each text line. The last step is text line collection
4, which is used to select a suitable polynomal function to represent the
text | whesin JaORPikl inrthothendnbid @50t totbﬂr&kﬁfeixis iartbfapam‘e agda aindm@pea.\‘eajbcunent is

assuned to .c rise.a e.area.of. light s S E\char ters
or 11 gtres Bt gt AR REE R | e FRECR Wbl o R R eSRY

si ze t bladibaraad inolis thentomilgisOatpresvagde text greaeinabeorigibaldmage.xel in the

t hunbn S S obIaCka the pi.xel s that epr esen n the
origin 9anagé“e%r’ éheoh%’#‘ka’ea 8t R%#’\‘/ﬁds@‘et‘%é?"eﬁ|S§"<%’i‘e““§‘°§‘esttepf f ‘Smﬁa‘{ys“’ I"?Nt h the

t hunb nae:rlfommgﬁus 1stesp$1allyarseﬁmmﬂn Henling withaehi 1i-npgs eﬁasrcdspenfed) bodky evhichrgidis t
connec ite e area of the inmged

boor hipteallt bordbie el 0 altb bherior SRRRAAN RotbiRs PPRRL S Sloeed 0°
docurnepigef rmneletrﬂnodbmkghewgihenmnbnnhwfmm by sesnaigahe ubrbhidt S donget hod of

erformn tation steps 0,., 335. e. 1 he.book or .docunent
e coparAtadnes SRETTEE Biasdr bbb emeiLitiots ‘2l Wiferh oF B udafe
i de Pt i ﬁiglﬁﬁby d@edting Ovhatties Bvdritiptcel afhit bete td;ugm miaé ks ermmtbplxgle@aeﬂak@dcel lfh

n r, n t t
P honon ity Sal PR ateied e Foged Pubd e B PP iu R SR ye SR RUHE s by o i
govirsulmg bine gy bgivea tekn@ge hepso;&r ﬁirgsﬂloldm/ﬂrkﬁpatrytc\tﬁdislt aaﬁtcereamcg.,ain; | east one
ark pix esent the text

s int
ar eas Fﬂageﬁ%g ﬁ?ﬁ.aﬁa{he W&%E’ PF%F‘& é’rpaé'ffb%gcﬁ%?é’ ta“? ?ﬁpt%‘ tga%e Fig, 25,
a thunhﬂagelané&@scbrﬁe g@n&mabétéxt R HERO thidgk PAge). PCTI US2007/ 005492 wher ei n
each pi in.the hunbn 450 is set to bl ac e area
and t hé 6<0§(’|%a ilp steg afiﬁ”?cﬁ@n(?f’l?a@lcﬂﬁi:m lsh%{ﬁ% %é’ép%fﬁ?ﬂnﬁa AH}F%W& PEOPGar i ance
and at réaﬁ&%ﬁkﬁﬂﬁe@@ﬂﬂﬁeplm&é is Iﬁﬁge@ﬂf@ﬁﬁﬂl Tmes b &k line. aaseadprédples?]ﬁdewmﬂal | 450
repres t t ext .areas t riginal | e. [O 1 After e text area
| P obe Jhetp ittt s blong el SO R L kiR as O e el PBRERs nod.
This i $he®r5cﬁﬁ:6h@ﬂsl amdxs;en‘ruémmane/abérmcm;idﬁeraiaei Rg@oofthadirepened book,
whi Ch quxctffré)é.gcli %% COH% ’hl'?eeorhy mfg tlon avalla%)?e fa l gnomgjasgeefplfl(l)ce];s%rr 1sstﬁg [T%Qtl n9

col um§
direction of characters based on their densities. In one embodiment, the local direction

enhancement step 2 is performed to reveal the hidden text lines by computing the densities of
each character. Fig.16 shows a flowchart of a process for performing the local direction
enhancement step 2, which further contains four sub-steps.

[0097) First, a text line distance detection step 5 is preferably performed to detect the height
of text lines. The height of text lines is an important factor in determining the compression rate
for the next step 6. In step 6, the input image is compressed and converted into a binary image.
Next, in step 7 a process is used to compute and enhance a direction-matrix, which represents the
local direction of each pixel in an image. In one embodiment, sixteen predefined directional
templates are used to estimate the direction for each pixel. After the direction-matrix is
calculated for each pixel, a smoothing algorithm is used to eliminate noise in the matrix. In step
8, a direction-matrix-based enhiancement 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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page. I n one enbodi nent, the segnentation is perforned by scanning the

t hunbnail 450 along vertical lines 454 of the page area in the thunbnai

i mge 450 to identify the gaps between text areas by detecting whether
every pixel of the same vertical line is a white pixel (or dark pixel if

the i nver sWOAfI08:d net hod is used). If the answer is POEPIVES4Rken t he
entire vertical line is Ilying on a gap between text area. A proper
threshold will separate nost text areas (e.g., one imaged page from anot her
i mged page when two pages of a book are captured in the sanme inage and/or
sonme colums of text on the sane inmaged page). 100961 In step 2, a |oca
direction enhancenent is preferably perfornmed. Al though people read books
"Iine B\ spmpéext liphandthpieby gerpagifdrePpianaious fexbling. i gray esale imags is ehiaipedq

peopl e dR0eE abAR Wesdritdll chMicethbdiPreuats, GMahas b@ssqeah Ppebckfed NEhs dxR1ihext

| i ne because of the densities of characters, their directions, and text
meani n§eractipmeiie? of §ieedAput er does not know the direction of characters and
their @®8] NY9n ththextitelextAERInHRdp NMhcAURLE BBhEs1EOT ;sae@nvér&aqnﬂ@raqq&ﬁzor is the
| ocal _direction of characters based on their densities. In one enbodi nent,

t he | okBpecdprdstall dseeriptiondpeesd pf thesaprseps 3,606k pigheingat Greciior arhapgraneiit dden

t ext Ig@?gipﬁnggggggbag the densities of each character. Fig.16 shows a
flowchart of a process for performng the local direction enhancenent step
2, whi ¢9P9PLr t Haeferabht hie textige fistnpe detegbion sfepdorf|Fig- Lods performedby|gepaiinast ance

det ect h AunHiaR imadSsiPEIRE & AR WePRIthOTeRPEled Bet8BidGtep! NemtRk @Bbodiffent, X1
| ines, The height of text lines is an inportant factor in determning the

conpr eduingmaj #neee Waieh infoundnes kighgy i vertigalgeputipn thrpthphigster; Inggeed. dhe

CONPr e$5@ tre@ NAnEPANRIH ko a1 SraBryifRAhNer SEBEEnts. TOX bis illuBrat Pk Pigh2BAESs 1S
used to conmpute and enhance a direction-matrix, which re reseé%s the | ocal

di r ect peh2ds BigcoHUgprtsiasmaH segrmegre 46 9f 8 fat Entesed it 76B aspicteethumbadbf i ned

di rect ianal of heSMPlR G Fi2DEAUFBHedcR t1RIAIMRUB4 LhR Poh&AL PR sdcened L Mbxe! -
After the direction-matrix is calculated for each piXxel, a snoothing

al gor i &fft 3 ircaBedan Hrieg PhpiNels 6 the conirat prrtipmef thg thymbnarledos igselqgted.

di r ect hR-BBRALdXar RARRGIIDRN RN BlefdrR01P 8410 hiRGhe dife HLiBRGE i scBREAd 46020
t he or&glnal I mage are used to do local direction enhancement so as to
el i m n&f exhwya e aroalysedh bupprierahie ogapigpeply(772 the x5dthmdithasbele 7eayomu 92

the sango! £xdh bt BEANGA N RAY 1RARSIALS vaHiEAR £ OH WfProltdttbml WY schhriii 2y Scal e

image is obtained "fromthe above described énhancenent process, which is
subseq@ariteyapguiRTesiRadtG. ff theee is @pixal whech ingensigeradda capwiputg text, qupgy, piyd in
[ 00981 ylduabRBiotiS&ital 1bRE o8 el @5t P aisb 60 trated gketek{mﬁﬁréf&‘émn%)efécgmg@ar

converted into a binary
areas 466 may be generated within the stripe 462. Based on the scan of stripe 462, the number of

pixel lines L with at least one black pixel are counted. In addition, the total number of text lines
C is counted. Therefore, a rough height of text lines Hy for each text area is equal to L/C for that
text area. To make the estimation more accurate, the calculation of height may be repeated while
filtering out those lines with a L/C value greater than 2Hy. This filtering step may be used to get
rid of elements such as pictures. The end result of this analysis is the text height H. In the same
manner, the average space S between text lines may be calculated. Finally the distance, between
text lines is simply the sum of S and H.

[00100] In step 6 of Fig. 16, a process to compress the input image and convert it into a binary
map is preferably performed. Based on the calculated distance between different text lines from
step 3, 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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imge. A detail description for each of the sub-steps 5,6,7,8 of the |ocal
direction enhancenent step 2 is provided below 100991 Preferably the text
| i ne distance detection step 5 of Fig. 16 is perfornmed by generating a
thunbnail image simlar to that used in the text area detection step 1. In
one enbodi wentg7/@m32st hunbnai |l i mage which is four tinmes mghewoimsertical
resolution than that in step | is used. The text area is then divided into
a plurality of smaller segnments. This is illustrated using Figs. 26A and
26B. Fig. 26A depicts a small segment 460 of a text image. Fig. 26B depicts
a thunbnail image of the image in Fig. 26A. For each thunbnail 464
corresponding to a segnent 460 of text area, a rectangular stripe of pixels
462 i nistsplit io@rstiralll wipdows aconling toe devinedberamprest rats. Jhkrdbeehch wihdmv, the

rect angu ., i xel (S N S ei ght
as thecgdsriéegﬁr%%%:l lig%ngfg?cptlézﬁte %53 g\é ll}es()fg%?eé\agﬁ%gg%ﬁlggfetageﬁt%%é?det}%?}éﬁﬁgﬁ Bg’cupi es
only 1¢r3Zedttrehan dichond thrdsboldhalue degthe averagkGiay Edohof the smaljotisdovg tthanpe 462
is thep scanned yertically. fro op: canni ng .eac

Fect ands e B (ENre Bl Vi e B RER R RS BR AR w8 onst i ut e
text, weindowipsete@d O0in the sanme horizontal |evel of the scan may al so be

treate text. Therefore, man ect anqul a ar.eas. 466 may. .he genper at ed
i i RooRRue CH ed 185 Fle) G MR FESHBNI SR ey R R By ES el 5 BERRRRL°T,
| i nes In auetembatlinheng Sixtemeprédeadhnimdad dineetianalivtmpihtesl maybelided om estinkeee thet al
nunber ,of .text lines, .Ci ted.. Thergfore., a.r h height of text |ines
o or difterkt KLsarh BRGY Fles! 27T OpET six O B e ok HARL ISPl flos |
fe_s]t ![ Matniap be niwd?"ﬁapeeﬂalrr_mﬂng stém;eﬁﬁﬁﬂgcltﬁ.ah iFltg@ DIA-Fethg hle;cl;myocge:gné{?_ﬁ_&toeﬁk_e]ﬂv{ﬂﬁ le
ilterjn ose |linpes a val.u reater an ) i iltering
Lt ep 0S8 e bR e Py et e KB R SR T ok B B oA | et L Y
t hi s adakysé sdiractibhef thexentadipited. Fhud, forteR@mplaj®ig. 2N npkesehtha tant dihagethapace S
bet ween t.ext..lines .b | cul at ed i.nal.l. di st.ance, bet t ext
' noe Petigd R B 2 B b i S e BRSOl The ! s
to ](c:onpactfjmss dfhlee éthmér;] i:iimgienai[telmplgwg@m nialy be gmi ia pia'rfg_a?iglg step[y das bpr :af erably
perf or . ,Base n cal cul at.ed..di stance bet ween . e t. tex i nes
P B 2% fhe Rnd BEE heB U BAEShA AR DS SESR 1 idsCh Pl 4 EXb! | DO

i nput prmdéockashifielcchwizcess by one). Whhtheshsik@et 8xEdirevtihd teapiptek, thestepAnect
togeth ane .line are separated. In one

ﬁ{? bu;. c@grqactfers not i n Ehe $
enbodi ?10tn,lpu PF A1 1%%pg?ré§xag¥l%ﬁ%?rgleflhen performed. First, the input
i mage [00242MO F2G8f) TérlQdR bike PG EhdJm24ed pOFES, 4i3 Rch SurdPbf gray hivel sdledslin wil ndows

R ISR G O T M AT T R

a t hr esfagintlinv,ahinfimum, and average sum of gray level values, which are denoted by sum_max,
sum_min, and sum_avg are determined. Each sum of gray level values is represented by sum of
the central pixel (dark block) and eight pixels (gray blocks) defined by one of the sixteen
directional templates. The value of sum_max represents the largest of the sixteen sums of gray
level values, The value of sum_min is the smallest of the sixteen sums of gray level values. The
value of sum_avg is the average of all sixteen sums of gray level values. The direction indicated
by the directional template which yields to the sum_min implies that the central pixel is sitting
on a text line and direction of the central pixel is represented by that directional template. For the
same reason, the direction indicated by the directional template which yields to the sum_max
implies that the central pixel is not sitting on a text line and direction of the central pixel is
represented by that directional template. From this, the direction of each pixel may be

determined.
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or greater than a second threshold value plus the average gray value of the
smal | wi ndow, then the gray value for every pixel in the sanme w ndow is set
to 255. Otherwi se, every pixel of the wndowis set to O 1001011 In step 7
of Fig, 16, a process to conpute and snooth a direction-matrix is perforned.
I n one enbwdixnemiz2ssi Xt een predeterm ned 9x9 directi onatCespd7an®se2 may be
used to estimate the direction at each pixel. Figs. 27A-F depict six out of
the sixteen 9x9 directional tenplates that my be used for perform ng step
7 of Fig. 16. In Figs. 27A-F, .the black block 474 in the center of the 9x9
directional tenplate 470 represents the central pixel while the eight gray
bl ocks 472 describe a direction of the central pixel. Thus, for exanple,

Fi g- 2[0A103pr bsenrtsntadirexit, the decatidntvfa pixedistsety cainparotgithogmahivhlee Bf the 27E
represents. xt line tilting 45 ¢egr to. the horizontal .. T atterns
o 't neP Bt @EF valle0ED) b et Bty S SRR oL A iy B sl L 05
can beavgdthan vedlifecom sthbe pixehid setfto tipalifettiat ofshx 9 diectiooalatmplewpitatles as
shown j.n .Figs. 27A-F (i.€. he,. dr.a C shi f | o . Se e one).
Win HEGE B Beiab bR B Al PEN R T otto BefRUhSER BERRY, PO e
di r ect diegvtinmdl tanxplamyvhieh yiekdkd suredmin, AbE@Riméted dirgctioarat eavhipipdl fe@insian t he

i mged,page, sixteen suns,of gray |evel |l ues in all . sixteen directions

br ovi dSEBY TR HPRETF oS ta ey of Ehiclyadn ook intet FEfustioREss 1 he
maxi MusBmapiRelstHay nansk eorexader sxampdd, tigr disectiev ef a blahkibkck iuselesafoe denot ed by
sum max, .summi.n, gnd sumavg are determ ned. ch, sum of qgr | eyel val ues
5t oplYEUREdH s A OR BT £a PR eh SO e SRRt Ui xel s
(gray biratikss pf dety piedshy trramefvettieal 1aiexd asve thelsarectiraniah. TaikphabedoneThe

val ue of sum max represents the |ar t .of the sixteen suns of gray. |evel
val vesB RO AV PG e PR Renb e b Eef el ir St iy oy

| evel w@l weetscal Mixeshoukl heeook tisdudirertion bBevichepiasian dgpesaafe vakticablind een suns of
gray | val ues. ;The. di.cecti on indicate the. directional tenplate
Shitn (IEba°vh5Ena PEEiA Abre piagfe L Py Preet i o FE bR Emen B g Son a
text | pérformed. Higs A ot Bard dvefid dsttinadtraphX ehe éribddemeasEmihedirdayion-hatrix

di rect

fonal tenplate. FEor. th reason, the diregti i,ndi cated by the
di r oct PORAFIRBHATSE SRR §116) JoE CBACHR B AN e nENe 48 PR (e cont r al
pi xel Hiedtioh-nsdtlit p&1@raed Bomaké irhageahawsl irtlFigeZIA enlodfing perfarind @k pi xel is
represent ed l?ly thgtsmcjii rectional teng#.at Fromthis, the direction of each
pi xel FESFURR ™A Basef qaRpncementigps ghkie1 3251 PCT/ US2007/ 005492 1001031 I n

one enfoaddsENt Knéwiag did diedction odéach piNek @hpd 480sieiwbdn dharqeeid Bdordie: @rthy val ue

of t hesame text line can be eliminated. This may be accomplished by averaging the gray value of each
pixel with its neighborhood pixels and use the averaged gray value to represent the pixel. Then,
the gray value is set to either a 0 or 255 depending on the threshold value. In one embodiment,
the gray values is averaged with eight pixels closest to it, After this process, most gaps between
neighbor characters are filled and skeletons of text lines 482 are generated, thereby resulting in
the enhanced image shown in Fig. 28B.
[00106] Referring back to Fig. 15, the step of text line extraction 3 is now used to estimate the
skeleton curve for each text line revealed in the previous step. Referring to Fig. 29A, the text
lines 490 revealed in the previous step are too thick to extract. Therefore, a thinning process is
preferably performed on the text lines 490 to generate the enhanced text lines 492 shown in Fig.
29B. The thinning process is performed to make the height of cach enhanced text line 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 pixe! 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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pixel (Ij) (gray_val ue (Ij)) as follows: If 9*gray_value (ij) + summax +
summn > 3#sum avg, than the direction at the pixel is set to the
direction of the 9x9 directional tenplate which vyielded the sum nax,
otherwi se, the direction of the pixel is set to the direction of the 9x9

di recti onaWOt2eemlodaSé whi ch yi el ded sum min. The esti matRA/E2EN0F4Gh at each
pi xel forms a direction-matrix. However, due to the conplexity of
characters in book image, the directions of sone pixels may not be correct.
For exanple, the direction of a blank block is useless for revealing text
i nes. Accordingly, in one enbodinent, a snoothing algorithmis used to set
the direction of every pixels in the sane vertical line to have the sane
di r ect foond. Arhiendaway troregerded foyyhauix¢lonstiabeyeghe whitagixgh dbewéoreathe ¥h means

t hat t&%ﬁe dRst f&qma@tea%hmg 1&%&9 u@'séﬁéés(y'g@ma YedBht 'rfiélleshllt Bemshoul d

becone t direction of everY pt xel “int sane v rtl cal line. 1001041 In
st ep 8thutmrFa RyOCeBBis e@hmcgéé@% inegs PErasshenvel i lBet 78h Antext line reseaiprosdsa e ment

is one enbodi nent
of ¢ hergRRERle sllching ARG Iy B AeBE atrobfild o SoRIGELERS O, S 08
depi ct B0&0tjextig. ﬁrﬁglepm%lsge e@aBOﬁ@mn@d gext himes ‘tHereldt 3 mﬁlndtdletextugemdeﬁ@éd from

the i h n i i Jyx based
en hang@?@ﬁ? Y 8%{\2 Sg r}%{}g 62{08% ﬁ‘%éf]g%g%ég? o&?r%é\ng%& t ﬁ]eérgleerme%tdlﬁg%o 8 i xel,
gaps 480t liet4%2dm detheiediby sat8nde vatigilnigtertont-band @ame theanidd|ei qfehecmeb"ﬁus

elimn ! i . ach

o ol | GEfetect Bk O R 366 TS SR8 dpleciPL AEMDnL D8 it WA Oh o

r epr eséstectionebapd xelblackhthe middkeeogtt af cacalter ling carebe ¢<dleeﬁeﬂh@fterageﬂiwzrev25'5_
Semenob U RAIA LB KRN 1R SRR T SRRt RS [

bet weedireaiengyAlbdrace hagxatine irsthaladt dirdclien, adrage dine b'ésloprch(istattmgtfrdm feto 482 are

gener af rg‘% Oftohl%rpef:@f &@Ellél lEt‘t lr__}gth'eﬁa lgta*ﬂ,?%‘irmfe%ﬁtﬂ%d f@ﬂ?ls %Q&Yéénor is t?a%

100106 errin 'The ex rac i on IS now
used t bneghis nwmmstrt@rdeslleelaeioun of threvtextflime. Elashome»stredqrdfd and\tkahexd point othe

DI ST O3 13 SRt R RLE Wil e FL9po P e, L ool 08,40 smaliege 1 the

previ ous s are too t I'ANi g *process is
pref er adnityxupgnh@trmng mcwseAmewtsldped@sam&Odebwegbmcﬁrmqaamdirmfdﬁ Hanced t ext

| nes 185 Shoun i Fig 298: TS IBROIAG BT BESRS] S4RR G Lgaraice the

hei ght ~ of dach en ance Tt e Si i Xe Thi s may
be accpnmpbvishede the sazaimneogdinetetof del drwlpmsbed:ellm:sé pomt bhe te>s Ikmb abdrs sieof t ext

lyl ngr é"ngcp I réwFalrg theﬁxgapr‘lrd Eglr‘ dc?agngkﬁles%uérrgﬁ]y cte%i ﬁom on %? ext Il EH‘?SI'V}\P% Qrgces

scan nedamen@usbmeaimcwn of trmm@‘antlemﬂlﬁt ehe vasief&s of the warping of text lines. The
process is repeated until meeting the edge of the text line or running out of points. While the
above process is for tracing the left part of a text line, the trace for the right part is symmetrical.
If there are still some non-continuous text lines after this process, a self-adaptive collection
algorithm can be used to trace each text line,
[00108) Step 4 in Fig. 15 comprises the step of text lines selection and calculation of a
polynomial for generating curved coordinate net 132. Figs. 31A and 31B are useful for
illustrating one method of performing this step. Fig. 31A depicts a text line image and Fig. 31B
depicts a text line image with an extracted text line overlay on it. 1n step 4, text lines 650 that are
shorter than a predefined amount of the longest text lines 644, 648 are removed. 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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WD 20071103251 PCT1US20071005492 found, A y_end may be recorded for the

pi xel just above the white pixel. Therefore, the y- coordinate for the
extracted thinning line may be set as (y_start + y end)/2. The result of
this thinning process is enhanced text lines 492 as shown in Fig. 29B. A
text |ine woaoimgsprocess that includes the foll ow ng BUbERIEESs495 t hen
preferably perfornmed to conplete step 3. 1001071 Fig. 30 depicts skel etons
of thinned text lines 492 with a vertical detection band 492 that nay be
used for performng the text line tracing process. In one enbodi nent, each
thinned text line 492 is detected by setting a vertical detection-band 642

at the mddle of the page. This w |l detect nost of the long text |ines
646. B;G@éz&@ﬁmm twh éihbe644, 668 getarynmathaes/o adxt pdgeelofm tbmleﬁi”séde Rtard theon- band
are bla dl.e int of e e | | ec te

et P by 54 i e Bl dhevene 67 em otk A SRS BRI RFBR s ARl

pﬁl n]t 1P&rigbm&dvahh@ﬁbxhteﬁmnrlam¢m?@ﬁf thé:lﬁgxeehnd)mamot Sl vt &0&1)119, gext line in
the left dir a trace.line S e K rar m 0 trace O to
15° i eetgege pactibnerey T e 508 S il et HoR® i Lok B SR kbl e or
beIowthbpmyh@a@eﬁmkn@em:&hwsh@ﬁﬁnbnks regarded as a point of the text line.
This p is rec and the ne oint on the lLine is determned. Wen
Che’ neoBains ohg ol ieitB50r 8% Jo dss isdoredp e S SPBH: | mut ng
t he trx@dtllﬂ@caijlﬁbc@ﬁ&ateﬁ f?emrsdrﬁmeg ke dawmarbigesdededl Ky, Imelnemaamlbeaim\;a\ﬁt K =

10*K- Previous/i | 0* ew - revio revi ous ere

or eVt i e aOE e R R A e F AT R AT B TP DRSS Tevi el y

col | eClEcQﬂmIﬂ@dl @ ex@dhdahé eléctdd taRt 1aird 644,-648 6 thaitdefy atEMelRne kédpen daiitory

coor di nat e the curre col | ected, 0|n on a text, line. This, procgess
can adf G EIdE e PBAE O ANb e TRl SHPTSn T e TPl e e i e v o e

Wﬁrpl n@xﬁalfreat axt ekﬂeﬂ&&ihnEB%ayFMs@Qﬁ&ﬁtedSmbv\h@Rﬁﬂill ﬁd)nuﬁltﬂult;ctfﬁ?ﬁirbﬂgudlﬁ&atﬁﬂ?& of
the te i ne or i above process is for
traci néhet‘ﬁ@ %’F?“‘Eﬁa‘}r}n thegkign C{esilf’mf) %ﬁﬁ e ayling Which: Ofﬂa‘rpaﬁ%é V?’@fﬁlﬂm%a?‘f“%‘
sy et fhie ¢ab leftl ffcr‘fds ghelre%xwheecﬂméslalswaﬁn@@nne_:aﬂich mu@ug atse@hésl th@esmigifidger t Ei S
process,, a, se adaptive co ct.io or,it can be_used to trace. eac
text |Ppojato f&%‘f@giteg‘ﬁ ghlingsarp éit@ne% %ﬁgefﬁdicge l%%neétlé% C@ bg BSAeralqdRE
sel ect p&foran teabewhptogQioaks éf Figol4nom al for generating curved coordinate
net 132. Fi gs. 3 B a seful for.  illustrating one nethod of
perforhoﬁbélt hi@‘og}t@éﬁre F‘%\d g"é&?’&%’%“% theQyrveqd frerdi %@ea}ﬁ% £gY 31B
depictaaﬁnﬁawhcbmn@nbmagﬁ}mguh an extracted text line overlay onit. In step
text lines 650 that shorter than a predefined anpunt %§§the ongest

t’ext | {49dLlls4 4, 2 GOk of TRl X8 U6 eRBISgS AGBRSt RO et SutipR ot hal
of thetheength t¢f aridh-%ttbﬂf@i%éi ot d A8SeHtbe sdRRecrf @ bb@mamg o Bidd11, ilsix | | nes

656 wi L Lebl Jgndent, are gl oo el ehabl Y, STRNST: vy HRdk oS coniee
points of edge lines 19, 20, 27-30. Notice that in Fig. 17, top edges 27, 28 are curved lines and so
are the bottom edges 29, 30. Two side edges 19, 20 are straight lines. In one embodiment, the
calculation of the six corners 21-26 and edge lines 19, 20, 27-30 is determined as described
below and illustrated in Figs. 32 and 33. First, the resolution of the original image is reduced,
preferably to 100x100 and then converted into a black and white image 676 by using a gray level
threshold. The gray arca 660 represents background and the white area 674 represents a page
area. Second, the borders 670-673 of the white area are found and the vertices 662, 664, 666, 668
of the four borders 670-673 specified. Third, the top border 672 and bottom border 670 are used
as guidelines to open a series of small windows along the top border 672 and bottom border 670.
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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selected. In one enbodi nent, two of the nost separated lines are used. The
end points 632, 634, -27 WD 2007/103251 PCT/ US2007/ 005492 636, 638 of these
two |lines 644, 648 determine the two text edges on the left side 652 and the
right side 654 of the imged docunment. The left edge |ine 652 and the right
edge |ine §920&hHosd i ntersect on a vani shing point WR@MUS28076003481 de of t he
figure and is not shown. Finally, a polynomal function may be used to
nodel the selected text |ines 644, 648. |In one enbodi nent, the pol ynom al
function is set to the fifth order. [00109] Once the polynom al function for
these text lines is obtained, the curved coordinate net 132 can be
generated for perforn1ng%the demarglng process of Fig. 14. In one

enbodi Thene two omed ingepotds a8iesirablyrheve awidthithe i’r@é‘feastth%(t“qql pEdeismalbt ai ned,
a |ingy@axb ?&%nﬂpn&{ AOSSSFifiE, tRE E{g% BBthe i RagoslafdHade %o EEJeE‘tBL @Qrv&?ﬁ geki Nes 644,

648 to t t and right’ to a margin on each side of the text area.
The de@tﬁe68b¢ndeéoﬁ@ns¢wd@geb@3& 6Bl ari zed based on the width of the text

area. @bflﬁ“ RBAGGH b0 ﬁ%yl’?ltﬁcoho? o‘f?te@ L 87 tﬁ%ﬁ@g&?ﬂ@uwedf tion

previ ous obt al ne The two T1 e exten I nes ne a line
whi ch @hé&li@ phs end mnv@iﬁiﬂyﬁpngmweci edgealnd bOttcbre cugd ledge defingdhofour paanerst ended

lines al $p ecgﬁﬁadr?lgag%é i %ﬂgc&% Rhoubg ﬁu?ﬂéé)ggigh{ffh% V@%’fﬁﬂ:‘ aH&" nt. Once

the ex end are obtained, The curve at e net can be
gener atoadedtiog thqo@mﬂeﬁwnngﬂﬂe%lw&npkng lgdt olge £ ofthefhapk. The mEuOﬁM_IO] Anot her

f t j
o o1 et LSS IS8l ASIEY B DA R NEES AUMIRLE dlcadif 10 0%
ext r ackecbimes the o sthendomest25| Apard eamnlnyqtlmﬁzetwewncheso tso obmersi2S, 2ur ved t op

and bof @g?%%r@gpg% 'E‘gx%%][o‘éggn&)éﬁg -S4 %Heemﬂ@ec?c%?cgﬁatﬁﬁ@tf &5 '#?@Jt?m?

the siXx es of ‘an I nmage a?ed

fi ndi ngetight edgt 8P sad tafhegige@Oican be nfedad fed Itherrelslsmgx,g pint a@dh%e ghingrate ghet hat i n
Fig. 1 7,28 are curved lines and so are the bottom edges 29,
30. Tvvcg)u“s"ildo O? é %913220 are straight lines. In one enbodi nent, the

cal cul KO b3 ofTht hm)rsaoheedcsnebed lmelﬂtforamdceedgeaIcamgsedmpgeae aﬁﬁl*c@bleite

det [ i 33. First,
the. r o8 opr SRS RSB S iy ohd Wb s Pl il %4 M0 03100 and
t hen ccnw;anctrddsctdup@haatbjna(fckr mnckssihg taptirad geagds.6 Thy apisoarheadgraled levah

t hreshol d, Th ray;area resents backagr ound and t
ooy eoRal be e el A 20083 o SRS B BoRRE CH. OB A il hol BaBUER, O7H

f ound armhltt)hmd\mrﬂpugtfrzggﬁﬁﬁfecaggds nd Giite@ 68 a paticolachdrowrrebosoftware670- 673

speci fi edemen%tgodl the top border 672 and bottom border 670 are used
[00114]) Fig. 13 is a block diagram that illustrates a computer system 1300 upon which the
above-described embodiments of the invention may be implemented. Computer system 1300
includes a bus 1345 or other communication mechanism for communicating information, and a
processor 1335 coupled with bus 1345 for processing information. Computer system 1300 also
includes a main memory 1320, such as a random access memory (RAM) or other dynamic
storage device, coupled to bus 1345 for storing information and instructions to be executed by
processor 1335. Main memory 1320 also may be used for storing temporary variables or other
intermediate information during execution of instructions to be executed by processor 1335.
Computer system 1300 further includes a read only memory (ROM) 1325 or other static storage
device coupled to bus 1345 for storing static information and instructions for processor 1335. A
storage device 1330, such as a magnetic disk or optical disk, is pfovided and coupled to bus 1345

for storing information and instructions.
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as guidelines to open a series of small w ndows al ong the top border 672 and
bott om border 670. Fourth, a Canny edge detection is perfornmed on the snal
wi ndows and the detection result is conbined into two curved inages, one
for the top edge 684 and one for the bottom edge 682. -28 WD 2007/ 103251
PCT/ US2007VO08099325These two curved i mages 684, 682 destGHBIAVHANAEZa wi dt h
the sanme as the wdth of the small w ndow nenti oned above. Fifth, the edges
of the imges are traced to have top curved edges 686, 687 and bottom
curved edges 688, 689. [001121 Referring back to Fig. 17, the top curved
edges are 27, 28 and bottom curved edges are 29, 30. The end points of the
top curved ed e and bottom curved edge define the four conmers 21-24.

Connec {05k h&qmwt¢r| sysemclgPA aray bepouplad ijajbus dadkbtop FisRjay 13fyeuchasgf t he
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t he book. The maximum curvature point 26 1n each of the top curved edge

27, 28inshdlingalphswpmgrcapd edgekeys, is S@lplfffb‘@&ﬁ'ﬁé3‘l5f1@rFQ@WFY@P“&:WQW&‘OQS 26

and a GaNRRLLRNSRRIBRER HQSr 149s CRABRS tfp% ofafier ﬁgmelvfc%ss Li6oreBhing of the
book and fhe y-axis in the curved coordi nate net 13 Projections of the
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pr oces sy be3es! intsuphiadnemaert 1849 frogysothsr compierstepdapld wEdinmatichras s@masut er

systemy 91%&%*&%&9‘%& ?eqaa{c@s OEREY tx%ﬁg&maﬁh&h "ﬁ \‘?n{ %Q)s 135 ?

menory ynam ¢ storage devi ce, coup
stori n@rqusor KBS torpefoun thestroerss btepsdeseritisd hesei u@@@loworemf@@émbm a1335. Mai n

menory ng].ﬁg?)réée m@@m@@;‘%ﬂa}f Q5o 58 Gh 189edtt8 RO AL %e%@:{deﬁpés%? ir%‘im&ﬁ&@r

i nter nat|0n uring executi on Instructions to be executed by
proces sonptaihgdin mam memory 1320. In alternative embodlments hard-wired circuitry may be used

in place of or in combination with software instructions to implement the embodiments described
herein. Thus, embodiments described herein are not limited to any specific combination of
hardware circuitry and software.

[00117] The term "computer-readable medium" as used herein refers to any medium that
participates in providing instructions to processor 1335 for execution. Such a medium may take
many forms, including, but limited to, non-volatile media, volatile media, and transmission
media. Non-volatile media includes, for example, optical or magnetic disks, such as storage
device 1330. Volatile media includes dynamic memory, such as main memory 1320.
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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Conput er system 1300 further includes a read only nenory (ROM 1325 or ot her
static storage device coupled to bus 1345 for storing static information
and instructions for processor 1335. A storage device 1330, such as a
magneti c di sk or optical disk, is provided and coupled to bus 1345 for
storing i nfgnLEdtioa; and instructions. -29 WO 2007/ 103254 1Gsh6 4708407/ 005492

[ 00115] Conputer system 1300 may be coupled via bus 1345 to a display 1305,
such as a cathode ray tube (CRT), for displaying information to a conputer
user. An input device 1310, including al phanuneric and ot her keys, is
coupled to bus 1345 for comrunicating information and command sel ections to
processor 1335. Another type of user input device is cursor control 1315,

such arAMPRISEM, and EBRKDA| 4 FLASHEIRON, iy @Bér din&)ehif 6 ca6iipe) Aicgadfer on of
di rection (gﬁ n? |on nd connag% sel.ections h%ﬁvgrocessor 1335 and for
cont r oYy Frt°T 8RY CBFEHF 1{%‘(5’5 COBLE @BYTCe typically
has t W{mi@g]r eexsarmls fdrﬁ@%%bmgu&v\mwme&a fldyYe imvd18ed LﬁQaﬂ'ymé)onaBﬂméreS econd
axis (e. that all e device to specify positions in a_ plane.

[ 00116ieqPﬁ’é°°Pref PRESE ’H‘é‘&d‘i‘%“b‘éﬁo'}?éi’ @r%ezspbl}3é|faf @ﬁcv%onc HePr §Eample: Benput er

syst emiskg0&idne mayRhiaeRs bé &Qnad 62 RImbpRelid dTHOSE. a rBRGRS infiaitdr0 ThBersROdi NENt |
t he processing { e, capt ured ge is provided by copputer system 1300 in

res ponﬁ%mi"éierp‘iaﬁd%%ds‘g? ing %“‘E‘ié‘@fﬁt‘ﬁnﬁé“%ﬁ‘fé mymoryang el JheHeELcHors BI 2or nor e

I NSt Ugdléphofe BAMMSIALodBM MR MoBB K] th33Rpudk S§3tdr $ 8 GMEN retSve KB MatR®nl €ad
into main nennri@1320 from anot her conputer-readabl e medi um such as storage

devi ce the3glephang ding ppd sen ipHared dGRUREESIOFPIYSEEE datite A8 Ifedsigedd AR mai n

menory uif%&i d%@éé?&scouﬁlé@@‘@§§ﬁlr343%&5réc@iv9@5tﬁ@£ﬁi‘ea ReHRiPEASS sizhaRSd desE fHebed
her ei n. or nore processors in a nulti-processing arrangenen %élalso

be errpldéSfi‘é’G bup 1 e Bitsel A s2aisy therfiabstogpaip memoge 1 48 front whichiPrsgssen
nenor y re’ltaz&s ahd‘e;@écﬁ@ﬁ Gﬂ:tthﬁJcﬁHﬁ@dTHEﬁﬂitﬁxn&?srrgcéi\Hng’ BhinGHérhéry 138y 3§ used

in place  of i n conbi nati software instructions to inplenent the
erbodi MBHEEIHES SHOFHe st?rés%iiwwerWQ BRSNS GEEHID &Y PRRSCETOR | 5% not

i mit eTOﬁlQOP”YC&Qﬁﬁ&rféﬁteﬁPfﬂ%rbﬁo' iRAuds a cbafnmemaﬁoﬁ!irhsrwaaerm:;@e@bpﬁ&ftbwg e.

[001171 The term "conputer-readabl e nmedi unt as used herein refers to any
medi um!Bhat Copmupicatigpningstacs 1 3GRPUIdRT? MRVRYE#E SASTUHIGIHBR EQHRE 1835 f or

execut in@RvoriSHRIN 1 375 MREH iY BbAMRY el 3K 8 IocAPANWHRI 188 5. FHCLM PN cobunicatibd €d to,
non-vol atile nmedia, volatile nmedia, and transm ssion nedia. Non-volatile

medi a iweIfirgdd40 mey beearee ated seTvicer dgtabnsgmenki (STRNS R%d ok a 81pdg te PEvitse

gg;'oce a 3B Qomiridatibg 1 JTBEbReshBEdiHE 8D e AY RAThENdTRIR! Ws aAUHEr A&nfpM,n menory
communication interface 1340 may be a local area network (LAN) card to provide a data
communication connection to a compatible LAN. Wireless links may also be implemented. In
any such implementation, communication interface 1340 sends and receives electrical,
electromagnetic or optical signals that carry digital data streams representing various types of
information.
[00121] Network link 1375 typically provides data communication through one or more
networks to other data services. For example, network link 1375 may provide a connection
through local network 1355 to a host computer 1350 or to data equipment operated by an Internet
Service Provider (ISP) 1365. ISP 1365 in turn provides data communication services through
the world wide packet data communication network commonly referred to as the "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.

-31-



Transm ssion nedi a i ncludes coaxial cables, copper wre and fiber optics,
including the wires that conprise bus 1345. Transm ssion nedia can al so
take the form of acoustic or |ight waves, such as those generated during
radi o wave and infrared data conmuni cations. [001181 Conmmon forns of

conput er - r eadabl/®3rsedi a i ncl ude, for exanple, a floppy BidBkS2080/008492Xi bl €

di sk, hard di sk, nmagnetic tape, or any other magnetic nedium a CD-ROM any
ot her optical nmedium punch cards, paper tape, any other physical nedium
with patterns of holes, a -30 WO 2007/103251 PCT/ US2007/ 005492 RAM a
PROM and EPROM a FLASH EPROM any ot her nenory chip or cartridge, a
carrier wave as described hereinafter, or any other nediumfromwhich a
conput ©p122dn Ceagputdr Oktdid 13V acanmesd hressagesodndaeryivet data, imaadibg progesh eodeay be

i nvol ved in._carryi o] nces. of on r ' jjons to
proc estgﬁorugﬁél?? eft%?rrﬁg?’ergeu ?l(rzl)(nl : or7 > %ﬁ%ﬁg’l‘“‘g‘?‘%&%‘é"“ 1|’“‘r?1esf F ?J(EJ[? Lli(g nllél Qﬁrf%@leﬁl\%tti ally
be caraiasgla sarvampidtmighdiraismif requasedebde fooap apicatidhprogemtigoughonput er can

| oad t in i into its d m ¢ Imenor nd.send i nstructons over
2 B b0 1374 pes Y R s e PP R dF 4 BB HEE c o

r ecei veith e idednsionjonetsheh @b piedepplicaeioapebvides farprocdssiap espthred iaagdstaer t o
converél tk\g ata to an infrared signal. An infrared detector coupled to bus
1345 cHRPEENT"data carried in the infrared signal and place the data on
bus 13WH12Hus Thad4&edat cb@smhufibe dadcated by paddessve B3 Y asli8 Rl ecdiveamumdbiorcdiored
processor 133 ,rﬁé%eve and enggt es th€3 ilrtlstructj ong The instructions
recei vEP BT IFnEntr S 1S GORRG PUE BRAIN B ST B8 D HIS PN e devi ce
1330 etdnnenerbbgétomel 300 nafytadtair xgdichiiancddy iprhedoss of a ¢:33b6r waydd01201 Conput er
system 1300 al so includes a conmmunication interface 1340 coupled to bus
1345. Communi cation interface 1340 provides a two-way data conmuni cation
coupling to a network link 1375 that is connected to a | ocal network 1355.
For exanple, conmmunication interface 1340 may be an integrated services
digital network (1SDN) card or a nodemto provide a data conmunication to a
correspondi ng type of telephone |ines. As another exanple, conmunication
interface 1340 may be a | ocal area network (LAN) card to provide a data
comuni cation connection to a conpatible LAN, Wreless links may al so be

i npl emented. In any such inplenmentation, conmunication interface 1340 sends
and receives electrical, electromagnetic or optical signals that carry
digital data streans representing various types of information. 1001211
Network link 1375 typically provides data conmuni cation through one or nore

-32 -



networks to other data services. For exanple, network |ink 1375 may provide
a connection through | ocal network 1355 to.a host conputer 1350 or to data
equi pnent operated by an Internet Service Provider (I1SP) 1365. ISP 1365 in
turn provides data conmuni cation services through the world w de packet
data communi cation network commonly referred to as the "Internet” 1360.

Local network 1355 and Internet 1360 both use electrical, electromagnetic or
optical signals that carry digital dakﬁéibgeans. The signal through the
vari ous networks and the signals on ne i nk 1375 and through

communi cation interf 1340,. which carry the di.gital da to and from
conput er syste .Mﬁﬁiqré)rw&%g&quuqddpﬁétl@fco&pp?qsgqm%g CYpeRh&dérti ng t he
i nformation. 3 WO 2007/ 103251 PCT/ US2007/ 005492 [001221 Conputer system
1300 can sdMOAEAREEE and receive data, including program code, through
the network(s), network |ink 1375 and comunication interface 1340. In the

| nternet exanpdetecting gaphiod infargmtionin the capturedrimagetrelpting tretbe Behsitionlestwasn an
application programthrough Internet 1360, i SP 1365, |ocal network 1355 and
- comuni cat isaf inmageddotzneathng 3t0emdimdendfcad diptuesd imaget h t he i nvention, one such
downl oaded application provides for processing captured i nages as described
herei n, 100123 1selEtting omoeimosdineofien mid/griydicaisfoniadoh doyrespomiiggas edgeslad35 as it is
received, and/or stored in storage device 1330, or other non-volatile
storage f orsaill ahaged d@eat;i on. In this manner, conputer system 1300 may
obtain application code in the formof a carrier wave. -32 CLAIMS 1. A

nmet hod for procgslafify cemed Bt d4ld8MadeBEBmEN Bhse® SRl sE®idn &bnk BBAGElocunent ;
said nethod conprising: detecting graphical information in the captured

i mage rel atc%n%p&n&in%tb%dééé%gs%idtibg%glaﬁ&q%ﬂ” sai d i maged docunent and the

remai nder of said Captlred | mag sel ecting one or nore lines fromsaid
gr aphi cal i nfor.gmti : %BQDQE] f: %5{! ] E?gﬁg nt;
cal cul ating conleggr%%sdng%l&s:@l{ag i mage [‘%&ﬁaﬁ@%@ﬁ%g@%& n ?dnte secetdl%g(réHo one or
nore |ines r | F f i d i mpged docunent; isolating said
i mged docdﬁ%ﬁmwféﬁﬁﬂgg@%ﬁé%ﬁﬁgggédggﬁgﬁ%%%?%ﬁed i mage based on one or nore
i nes correspond'h.ng to gdgei. C{f §§u d.éma d, document ;

setling a curved coordinaie net 1or said image document,

stretching said curved coordinate net to a rectangle coordinate net; and

adjusting said rectangle coordinate net to a well-proportional rectangle coordinate net.

2. The method recited in claim 1, further comprising the steps of:
mapping coordinates of pixels of said imaged document to coordinates corresponding to a

non-distorted perspective of said imaged document based on a computed deviation.

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

said non-distorted imaged document.

4. The method recited in claim 1, wherein said curved coordinate net defines coordinates

for every pixel forming said imaged document.
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setting a curved coordinate net for said i maged docunent; stretching said
curved coordinate net to a rectangle coordinate net; and adjusting said
rectangl e coordinate net to a well-proportional rectangle coordi nate net.
2. The nethod recited in claim1, further conprising the steps of: mapping
coordinates of pixels of said imged docunent to coordi nates correspondi ng
to a non-distorted perspective of said i naged docunent based on a conputed
deviation. 3. T t hod regi.ted in aimz2. further .conprising the steps
of: retating sa?gnﬁgﬁﬁﬂfg?@gﬁgawwéh o SERTRRS T SES8Fdi ng to a determination
of format of said.non-ﬂisto&led iﬂ%QEd dggunent. 4. The nmethod.recited in
claim1, wherei FeEPREFONEPPEPIREE!S 41 R megsddocyment jpseordipalptionependingfen every
pi xel  form ng sai d, i nraged cynment, 33 5, The nmethod recited in claim4,
further corr'ﬂﬂ"idé*fol’?@dTW%‘%&E“@F%&W@WP&FH%@@"M dgyiatigrs of said
i mged docunment to coordi nates corresponding to a non-distorted perspective
of said imaged dqocunent basegd Qn saj d conputed deviation. 6. The nethod
recited in'clai ¢ methpd el é’bﬂiﬂ?‘isshﬁﬁr’?%@%‘f‘%ﬁgStﬁﬂ‘s.oﬁr otating said
non-di storted i naged docunent according to said determnation of format of
sai d non- di st or faing spiyea-distasiadriameged dpcumegnigipeording t snid drievpivation efformat et ur ed
i mge, said captured inmage conprising an i naged docunent, said system
conpri si ng: saidgamdistored imegeddodumgntone or nore |ines from said graphi cal
i nformation corresponding to edges of said i mged. docunent; neans for
cal cul ating comers of said i maged docunent based on intersection of one or
more |ines corr @shiysidnde prasessidg e sapbedsmagd, saiduaptuedimegmmemiprisimgeansagedr
i solating said i naged docunent from background of said captured i mage based
on one or mincendni, sedsystemcespoigi Ng t o edges of said i naged docunent; neans
for setting a curved coordinate net for said i maged docunent; neans for
stretchi ng sai dmeans e deleting ehicainere fieds fiom said paptiahgfemapacetesmhding®t ; and
means for adjusting said rectangle coordinate net to a well proportional
rectangl e aiearofakimggeddbounint; A conputer system for processing a captured
i mge, the conputer system carrying one

' means for calculating corners of said imaged document based on intersection of one or

more lines corresponding to edges of said imaged docurnent;

means for isolating said imaged document from background of said captured image based
on one or more lines corresponding to edges of said imaged document;

means for setting a curved coordinate net for said imaged document;

means for stretching said curved coordinate net to a rectangle coordinate net; and

means for adjusting said rectangle coordinate net to a well-proportional rectangle

coordinate net,

8. A computer system for processing a captured image, the computer system carrying one
or more sequences of one or more instructions which, when executed by one or more processors,

cause the one or more processors to perform the computer-implemented steps of:
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or nore sequences of one or nore instructions which, when executed by one or
nore processors, cause the one or nore processors to performthe
conput er-i npl enented steps of: -34 detecting graphical information in the
captured image relating to the transition between said i maged docunent and
the remai nder of said captured inage; selecting one or nore lines fromsaid
graphi cal information corresponding to edges of said i maged docunent;

cal cul ating cor e I . doc base nt e i on of one or
nore lines cor ?ﬁ%oﬁ%’.“’?\‘g“ﬁ %ﬂog%ggrgmg]% cﬁ’gﬁﬁ}'%dgptlwgghﬁbﬁ‘lﬁw?bw&aﬁ ng said

i maged docupmn m ba und .of said captured i mage based on one or nore
li nes corresérll@o}r’]‘%ﬁeag ¢ 38’8“@ rg*nalgéer tasiaﬁﬁﬁpglg dég'égfrrent setting a curved
coordi nate net f? sai d i rra grocu tchl ng sai d curved coordi nate

net to a rectan eé“‘tﬁ&&?&ﬁ% ms %H‘ﬁ"[:‘ F?Pé“’%&‘?"ﬁsﬂoé@flga‘ﬁﬁﬂgs%or di nate

net to a wel|-pro gl’tl onal rectangle coordinate net. 9. The conputer system
recited in ¥ é‘i“?ﬁeg o‘fetei n the one or nore sequences of one or nore
instructions further cause the one or nore processors to performthe

conput er - i npl eneaeubsting eomspf eid inpegdsocnnentdased pminteessctioh ofing et morefingsai d i maged
docunent to coordinates corresponding to a non-distorted perspective of

sai d i magedcodespondingtio ¢sigesed] savhinmgéddloowmepyit ed devi ati on. 10. The conput er
systemrecited in claim9, wherein the one or nore sequences of one or nore

i nstructions f uisblarg saidinsaged dveurnenefran bavkgreund bbBRiSagRd intigPBsEdunvné bre
conputer-inplenmented steps of rotating said non-distorted i maged docunent

accordi ng t,ﬁorsame@caﬁgﬁﬁmmmu@@omfmdﬁmgamoc%emsal d non-distorted i maged
docurment. -35 11, A nethod for processing a captured image that conprises an

i maged docunent ettfgia durvélRobraihare A8T6risill Mekged Ot Ny sai d 1 maged docunent
from background of said captured i mage based on one or nore |ines

cor r espondi ng' tareecmg&laémab&ralﬂmﬁdtoquﬂ%@Eooréﬁtetdengmr; curved coordinate
net for said i mged docunent; calculating t devi ati on between said curved

coordinate net Qd}lgtu?g Jaﬁ%c?aﬂglle ‘Eooqﬁf?zftgﬂep@ta%vell-propomonal rectangle coordinate net.

9. The computer system recited in claim 8, wherein the one or more sequences of one or
* more instructions further cause the one or more processors to perform the computer-implemented
stcbs of: |
mapping coordinates of pixels of said imaged document to coordinates corresponding to a

non-distorted perspective of said imaged document based on said computed deviation.

10. The computer system recited in claim 9, wherein the one or more sequences of one or
more instructions further cause the one or more processors to perform the computer-implemented
steps of: |

rotating said non-distorted imaged document according to said determination of format of

said non-distorted imaged document.
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net; and adjusting said rectangle coordinate net to a well-proportional
rectangl e coordinate net. 12. The nethod recited in claim1l, further
conprising the steps of: nappi ng coordi nates of pixels of said imged
docunent to coordinates corresponding to a non-distorted perspective of
sai d i mmged docunent based on said cal cul ated deviation. 13. The net hod
recited in claim1l, wherein said curved coordi nate net defines coordinates

for every pixel erm' ng said i,maged dtacume t. -36 .
11. A'method for processing & captured image that comprises an imaged document; said

method comprising;

isolating saici imaged document from background of said captured image based on one or ..
more lines corresponding to edges of said imaged document;

setting a curved coordinate net for said imaged document;

calculating the deviation between said curved coordinate net and a rectangle coordinate
net; and

adjusting said rectangle coordinate net to a well-proportional rectangle coordinate net.

12. The method recited in claim 11, further comprising the steps of:
mapping coordinates of pixels of said imaged document to coordinates corresponding to a

non-distorted perspective of said imaged document based on said calculated deviation.

13. The method recited in claim 11, wherein said curved coordinate net defines

coordinates for every pixel forming said imaged document.
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