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1 Geometric image transformation based on text line searching The
present invention is related to Optical Character Recognition (OCR)
systems, and especially to a method, system or digital camera comprising
said method for geometric 5 image transformation of deformed images of
text based on text line searching. In pr]ror art the flat bed scanner has

become ggkanead ﬁﬂh%%%iﬂ&ﬂﬁéﬁ%‘é%@ﬂ%%@xﬂﬁa‘é@&g&ﬁﬁg”ed

input of typed text, book™ pages and different types of documents such as
for example handwritten applications or partially handwritten schemes etc.
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defoGiRtpiocgrsifalmaxsdueithiicoll emedfitnldSipate WO POdkerils as known in
r%’rsg.gse a digital camera with an OCR function based on dividing a
ocument page into blocks, where each block is photographed before
each block is processed by the OCR function. When all the blocks has
In hmrn@msé@tdy@n@@ﬁhvﬁub&t&netﬂueai&mgﬁm Blaiticd waiinriext due to
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A geometrical transformation of the deformed document image providing corrected
images snitable for the OCR processing may solve the problem. The US patent
6.304.313 disclose a digital camera with an OCR function based on dividing a
document page into blocks, where each block is photographed before each block is
processed by the OCR function. When all the blocks has been processed by the OCR
function, the recognized blocks with text corresponding to the plurality of images are
combined together to form one text data set corresponding to the whole document.
However, the geometrical transformation according to this disclosure is merely {0
divide the page in such small blocks that the deformation in each small block is
negligible. Therefore, this solution may require extensive processing to accomplish the
task when the deformation exceeds a specific level. Further, the division of text may
render the text in each block unrecognizable because the blocks are becoming too small

to contain recognizable text.
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task when the deformation exceeds a specific level. Further, the division
of text may 3s render the text in each block unrecognizable because the
blocks are becoming too small to contain recognizable text. 2 The US
patent application US 2003/0026482 from February 6, 2003 disclose a
method for correcting perspective distortion in a digital document image,

faheXasnpiedteppacaigtalsameposdare Eo%vlrgfg%gné? %?%bngfsslcp(gsg%vgnethod

i ses.a single point when vie under some pe
S S B Bk Stvmste oesso o e rom 2
p%ﬂ&%%m% orpiizcmotem oroded ot drotal pnal vk Hiea! pheser single point
e, e R T B o L e e
i _ :m istartion du .
%er%pé tive, tex Ji%e?%ggﬁﬁﬁﬁﬁggﬁsdﬁw%&%nm and vertical
per rrsﬁrejéﬁ\% LTS OIS ESe Wrd thddentity hpeerspaliSiertibthe image.
riwmmd%mmm iﬁ'ua} ﬁ%ﬂié Eeigpeqéive, text lines are
@ e netion..Besides .
Bﬁﬁp@%@é[% %?igcxrgons :E?%gtu rg?g?ﬁ%%ﬁ%‘%d%%&ﬁ# o8 ?t)%’gﬁ §iify the
ST UG of P hageL il FRGyRiad il tPrcsasmming oreoirce gk is
EBE‘FPW%@% frefrilinmessed fhisudben MR fomtjma desitiex peripaasve
distentiosis) gteucame dsioreaptuiogin syally s .o
AUl s calan Qe ans 3;:%0%%@%&;%%%%?%%&% P e
ttPﬁe %Igﬁrs{,}gectlv_e distortion will usuafly coritr (it TEeS T iRE cateaRstdtv Al
EREOURT RIACHSHherpREGRCE SThpR st RferBRipieaptuting AhdistoifaBst, the
ihb w%iemmi@w Q}S?&hmgu nheid XD sie M%wr ion %‘ﬁgﬁlrt\?éﬁg pefore,
e s T e B it bt

; lines" b hang.and Tan, Internation
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instead of using a more common cylinder model for the book deformation
€00k as described above. The lines are tracked
o I s e e avigaspestnes” by
FefiE el by helaisiantoraliCioniermenenbpdentiftothabgisent R ébegiab,
IGAd3RT09 Pafierl Do uBE A MRS SIenvaENng 8L XV SRS mations as

itiom;; in,International Symposium on Statistica
- qifaRdiY W%@%%@g%é) usiig a Hore’common cyhinder model for the

P%tgrp ecogni
book deformation near the back of the book as described above. The lines are tracked
using a connected element clustering algorithm within bounding boxes defined by the
orientation of an already identified segment of the text lines.

The paper “Document image de~warping for text/graphics reco gnition” by Wu and
Agam, International Symposium on Statistical Pattern Recognition, SSPR-2002,
disclose a method based on lines that are tracked using a local adaptive cumulative
projection at different angles. The tracked lines may cross each other due to the local

- nature of the algorithm when two starting points result in two different search

directions. A second step of removing lines that are crossing based on the average
orientation of the lines is included, Limiting the method to images with fairly regular
lines and a small perspective distortion. A rectangular mesh is fitted to the remaining
lines for dewarping,



19

15

20

35

disclose a method based on lines that are tracked using a local adaptive

cumulative 30 projection at different angles. The tracked lines may cross

each other due to the local nature of the algorithm when two starting

points result in two different search directions. A second step of removing

lines that are crossing based on the avgrage orientation of the lines is

included, limiting the method to images with fairly regular lines and a
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cylinder model and a set of threshold skeletons of the Imes are used to

recti%;he images. All of these above referenced papers dlsclose methods
ARRfifpurahpraTRitisRSSHBpess fisclasamectypdsdraying wianiniotinnsi
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system providing better geometrical transformation of listorted Images
comprising text before processing images with an OCR function to

We%m@@na@iémmimammmmfgmtmmm

trdﬂsfo?ﬂmﬂgf St ﬁﬁ%&%ﬁsggglw 0,266 bith an

O&ﬁpﬁm l1ﬁgc§lsent mventn&&gherg IS rowde a method for
IRl of

geome |ca rans?orma?on rme

dﬁﬁé&@ﬁﬁ@%ﬁ%@@flmﬁmé@%mﬁﬁ@m@@mps of. a) performing

an initial analysis to evaluate if there is enough text-like structures in the
image to eﬁ?rm the zs tﬁgsformatlon b) identifying connected pixels

A BT PUoraS Ry ek Hifiy R prdpd prancthod for
geohmmdﬁrsaw@mﬂﬁdﬁdd eftififirdinnpt eash-BIRARIRt by searching text-

lines in the image, comprising the steps of: a) performing an initial analysis to

evaluate if there is eneugh text-like structures in the image to perform the
transformation, b) identifying connected pixels probably forming characters, words
and searching the probable characters, words to identify a direction of each probable
character, word refiecting the direction of test-lines, staff-lines or similar elements
constituting a direction of text-lines at each of the respective positions in the image
that comprise each of the identified connected pixels forming characters, words, ¢)
linking together identified directions of adjacent identified connected pixels thereby
identifying text lines, staff-lines or similar elements constituting a direction of a text
lines across the complete or part of the complete image area, identifying
transformation points related to the linked direction of text lines across the image
area, dybased on the transformation points, transforming the image.or a part of the

image comprising the text to an image where the text lines are straight and parallel.



character, word reflecting the direction of test-lines, staff-lines or similar
elements constituting a direction of text-lines at each of the respective
positions in the image that comprise each of the identified connected
pixels forming characters, words, ¢) so linking together identified
directions of adjacent identified connected pixels thereby identifying text
lines, staff-lines or similar elements %nstituting a direction of a text lines
across the complete or part of the complete image area, identifying
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image or a part of the image comprising the text to an image where the
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or device providing geometrical transformation of a deformed image
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eno ext-like structures, in the image to perform the trapnsformation,
RO FGBS. TG Bl ECh A R e BBt wor
reharastets frerdhand sealohing:dE Iprebatiecharaetesswordgd@ing a

identify a_direction of gﬁpﬁé&bable character, word EE%flecting,the

dFrERaB A F IR, TSP R RO R AN  comprise
cdilestig: ofdantibnesaieacvbidRadaspectiva-pasitions: iz, b d magesthat
comprise, .each of the identified. connected pjxels farming characters, . :
R TP GBPLRe H S AN O RSP HEE S e pixcels

' tadiaseiicidehtifietconrectespixels othenehy emtifiingiestlingsa direction of
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A A BRSPS Ay Sie TRBRR Ry dontiying
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R B U R S o R T o e
ofaage: whareithegtextiipesiapeistraight amnthpamiilraceotdinditosatbisaaight

agpect télgere is provided a Digital Camera comprising programmable
é ecuting a program for geometrical transformation of deformed

According to a third aspect, there 1s provided a Digital Camera comprising
programmable device executing a program for geometrical transformation of deformed
image comprising iext, by searching text-lines o the image, comprising: i) a program
module identifving connected pixels probably forming characters, words and searching
the probable characters, words to identify a direction of each probable character, word
reflecting the direction of text-lines, staff-lines or similar elements constituting a
direction of text-lines at each of the respective positions in the image that comprise
each of the identified connected pixels forming characters, words, j) a program module
linking together identified directions of adjacent identified connected pixels thereby
identifying text lines, staff-lines or similar elements constituting a direction of a text
lines across the compiete or part of the complete image area, identifying

transformation points related to the linked direction of text lines across the image ares,



image comprising text, by searching text-lines in the image, comprising: i)
a program module identifying connected pixels probably forming '
characters, words and searching the probable characters, words to
identify a direction of each probable character, word reflecting the
direction of text-lines, staff-lines or simyjlar elements constituting a
direction of text-lines at each of the respective positions in the image that
comprise each of the identified connected pixels forming characters,

W@@g@pmgi@lmth@@@md lﬂmhg tr@g@%bréﬁaﬁi@n@@é{d&ji$émﬁ§mﬁllg the image
gxtda%?ﬁ?B'fd[ﬁgtﬁth%gecg&ﬂﬁﬁgeﬁgggﬁie{gx%r?thl)}{m@fen&{yépegtﬂ%xttekpﬁﬁes are straight

es or similar elements constituting a direction of a text lines across
fine panslibte or part of the complete image area, identifying
transformation points related to the linked direction of text lines across the
image area, 3b k) a program module that based on the transformation

Pensiinariarictormtinsmaetittateisaravpiad o the imayerbeaiimnsimgdifes text
1980 APaeE WIS & IS-HSXL INES R SHAIGRE 300RBHAUG ACCHIIING IR &1 of

fourth aspect, there is provided an ASIC (Application Specific integrated

IR EHRAESINGRTSEREOIE Cic 6 R ESimldreae i Hnisleahagorposes: 1)
deformed imags comprsing text. by $earoRing iextines In 1he image; vords

comprises: 1) electronic circuitry identifying connected pixels probably
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direction of text-lines, staff-lines or similar elements constituting a

eRsEiiBROgradkichHes at CaEhivTtAbcRsSpEive oSBT ge taage that
somprise-sachreftheddentiied cRoRaciBd RiXSISFREMING, CRABGISIS, 1)

words, m) electronic circuitry linking together identified directions of
RidFATEE RIETIRE didopm e xS iRerabieriiTpiraltesartindantified
shaff Sinpllacslemants isenstituting aughrertian ofa,textingsacross
the complete or part of the complete magle area, identifying

traEfoHRasshTpeink eidied ththadmrRetharesmipioPteRt M dBeasopicthe
iMage.AreadM ISRl QNI FehLINR Raser en e anriormation RATnts,

Is transforming the image or a part of the image comprlsinl%g]e text to an

iR dhe tHege A thdY SleCSnaig R sy paIRrsaken BmGaestoRmpLion
AsRects thergdmprovieshm pobilepureless UsaESOMRNEHL the text 1o an image

where the text lines are straight and parallel.

According to a fifth aspect, there is provided a mobile wireless user equipment

comprising a Digital Camera according to the third aspect.

According to a sixth aspect, there is provided an Optical Character Recognition System

comprising & method according to the first aspect.

According to a seventh aspect, there is provided an Optical Character Recognition

System comprising a system according to the second aspect.

According to an eighth aspect, there is provided an Optical Character Recognition

System, comprising an ASIC according to the fourth aspect,



comprising a Digital Camera according to the third aspect. According to a

sixth aspect, there is provided an Optical Character Recognition System

comprising a method according to the first aspect. According to a seventh

aspect, there is provided an Optical Character Recognition System

comprising a system according to th%csecond aspect. According to an

. eighth aspect, there is provided an Optical Character Recognition

System, comprising an ASIC according to the fourth aspect. Sc According
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forming words. Figure 3 illustrates an image of a document page
comprising slight deformation. In Figure 4 illustrates text line tracking
according to an example of embodiment of present invention. Figure 5
illustrates an example of meshes for forward and inverse geometric
morphing is transformation according 4o an example of embodiment of

Lesenl nventon, Fiaure 6 Aeistsa o diagianal ANSXRTINE b an OCR
P g%”% fmentot %?‘rén gr%ﬁﬁ@é%%%ﬁ%?c{é%r&ﬁg to an aspe%t of the present
PiifZEffon, in stead of establishing an a priori, 20 mathematical model of

distortions in an image comprising text, the main issue is that pixels

FERIESeNG ChRBRSIBR. chatanteiiqareatsHNhch SRanubr Raliaal due

t0 typographical aspects of the text or artificial due to deformations),
words or parts of words constitute connected pixels, wherein connected
Figets?r ratists exemplas afiepanectodmiselnfureing arokahlecdaaginas hytie
réyRgfacediged (Times New Roman etc.), and 25 wherein groups of
connected pixels forming words are spaced by another distance defining
distance between words on a text line, wherein it is_possible to search an

Figirged HHusEHaRARIBREAbRAREMBRPIRBE SR8 S & SIERESPEMME 1¥ing

for example said distances. 30 According to an aspect of the present

FRVE0HqR, thGEDISHMRA DG Y G E I mYaB A e RAY R PORESHImant of present

. process comprising three basic steps: a) performing an initial check to
IKERHSRe if there is enough text like structures in the images to perform a
transformation according to the present invention, 35 b) identify connected
| %‘éssmﬁﬂﬁ*a%s;aﬁem@w L ﬁ&@gﬁfcmcﬁ)_ m@mqhms@qgeom@ﬁqgj@@mg
characters, words o identify transformat ints, 5 c : |
MR SRS DRl MoLsaARiEor e AR S oo
comprising text to an image where the text lines are straight and parallel,
FaAd O mguasauold iagram of an example of embodiment of present invention.

According to an aspect of the present invention, in stead of establishing an a priori
mathematical mode] of distortions in an image comprising text, the main issue is that
pixels representing characters, character fragments (which may be natural due to
typographical aspects of the text or artificial due to deformations), words or parts of
words constitute connected pixels, wherein connected pixels related to characters are
spaced apart by a distance defined by the typeface used (Times New Roman etc.), and
wherein groups of connected pixels forming words are spaced by another distance
defining distance between words on a text line, wherein it is possible to search an image
to identify even deformed text lines based on said searching using for example said

distances.

According to an aspect of the present invention, the objective of the present invention
may be solved in a process comprising three basic steps:

a) performing an initial check to evaluate if there is enough text like structures in
the images to perform a transformation according to the present invention,

b) identify connected pixels probably forming characters, words and searching said
probable characters, words to identify transformation points,
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According to an aspect of the present invention, a reference system
providing a coordinate system for locating graphical elements, objects,
characters etc. in an image may be defined by the plane provided by the
flatbed scanner platen or the surface of the image capturing device, such

as a digital camera, for example. Howeéver, any definition i0 of a

coordinate system ray be used according to the present invention. Any

pixel in an image is therefore referable by an ordered set of coordinate
vakjehaRikels sathtwathunainageiotsikaefeersisgtistiimany twd provites
severahpiduigstal andemusedinBéRfieneionp skt ad parallel,
person s ﬂl&%n Ell’lo% g{ltl. SFﬁ?r example, the is shape of characters may be
identifie provﬁ%g means Tor recognizing characters, and then whole
words, for example. Whenever there is a deformation of the image, the
Aegsdhigian is diffiectvbashd esasibethednien, Acetring toysnreyaovidingfa
csmﬁﬂx%%&&ah%% B (gg%gqg)yg%ﬁf‘egﬁoaﬁ?ée&ak&@am ic. in an image

transformation may be ex whenever there is enoui%g information in

TR DAARSRSE PYdYRiBiarh RFERSITA NG HADAC SGRANG RIAE Qrdupfiriace of the
imsgenpiptuaminitalcexndneck Epeifcamend, doakysimp o hfosstadr pingldafinition
o¥erifydhat dhey are-consistentin sizadisbapeRnsdalativg Rasition
consistent with text. For example, if images has insufficient resolution
(character height below five to ten pixels, for example), insufficient text

Ameppsbipssuirsage siibreainee seispirsewarde densdsebel geeripatefiniies.
Pisansfermationaglithh o d6f thageiss eestatiiiy semprinGtiRiceseitienteutes that

S I Bk Ml De: 3865 9 JISABAUNARIRKR Y cxampte, the

situations occur, they may be to users providing a so

sign
shapssadifbptRCESFrEtRE Wa»w@%gﬁ@%f@g P BRI CSrEtETh and
thefowhelktonofds, thee geanpdtridhdrensidhaation defmmangicflhepasgntthe

ré@é{gﬁi%ﬂ-i;rﬂﬁ’ﬁ&ﬂaéﬂQﬂs&ﬁ%@&’og@la_ying a message to the user on a

computer display. According to an example of embodiment of the present
invention comprising a digital camera, the initial check provides a
Algeadingisignekamplaof emligiinehe nb e presénitiaivantibysithg geometrical
R eRCIHHRSoMRBERITIRIS R AOAn MBS therg i RJIEH i8rBRhRIBASAhe
. the user ma perforq; ad#‘lstmen S, fogo%%m%eﬂggan w;{& camera %%S;}% D toxt
IIP@%%iWepngﬁ P SRR <8 'af?f’)resengis iMVeatiga m%ﬁa%no%rﬁing iNto
chiekiin pgtfenmné Wi Yhia g epnasatetbpiels to verify that they are consistent in size,

shape and relative position consistent with text. For exarmple, if images has insufficient
resolution (character height below five to ten pixels, for example), insufficient text line
structure (a single line or sparse words cannot be used to define a transformation grid),
the image is rejected. In some instances, the text Jines may extend outside the edges of

the image.

Whenever such situations occur, they may be signalled back to users providing a
possibility to correct the reason why the image does not provide sufficient information
for the geometrical transformation according to the present invention. The signalling
may be displaying a message to the user on a computer display. According to an
example of embodiment of the present invention comprising a digital camera, the initial
check provides a feedback signal as a green light whenever the initial analysis
concludes with sufficient information. When the green light is not present the user may
perform adjustments, for example changing camera position relative to the document
the user at present is investigating, zooming into the image or moving the camera closer
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to the paper, book etc., or just by turning the viewing angle of the camera.
When the green light comes on, the image may be captured to be
processed by an OCR program running in the camera itself, or in an
attached computer receiving the image from the camera. 5 According to
the present example of embodiment, cénnected pixels are also measured

to provide a ratio between area/height/width which must be r%ii%ger t‘gﬁg;a
1O MEPIRFEPRAN Fiuet BtPYR B HRGHEP WHRSHHP it GPUgid- At the

getavlighictdowe orihieshaige theydirelspareddgdrelptbessswidey on LHcfaptsgram
HsRibratiedsabeve saifl lighen RdupINQshyalbesdhgihelBeatfage from the

regarded as being non-text elements or artefacts. Any set of connected
C{?ﬁ?@f?hot falling between said lower and higher threshold values are

rejected from being part of the geometric transformation. According to an
S¥arfiigeb @nbesimenhainhe peasoidinmantomea tabliisicweatdsh measured

t:cﬁlg%lf}’&@% L%&%‘B%@s%T%Bj#g%%ﬁ%@ﬂﬁ%%hcﬂiﬁ@%&%%ﬁ{ﬁa& 2 fogure 1

Strates an examp ) comprising an inclined ward "city",
tmﬁg}gi%ﬁ%ﬁﬂdasl%w&m&?ﬁ%&%ﬂﬁé&%ﬁ-é@ﬁ@%&%&%ﬁ ifag lower
tabmshe]dytier pindk ere cepaedii ity isipeeri dddf fof se kosaipl ednca fabovepid higher
%ﬁ%@ﬁ‘ﬁ&@, RQI-Sau %W%?Jf&&?ésq%ﬂﬂfﬁ%ﬂtéﬁgﬁéﬁié% dPAMFa Wy set

, fight), or.in an eight-way manner that in ition to t
SRR B YN oM@ EGD dulgatues ar
reisntedisenbbring phrt ofiSrescarennitrcipastumanentaesrGradaighrrgmple of
hiffemniericretiopstath entbarohoinghie i akeireg iongifypiyeyeitions of such
rgige%(i{)ne%rgi%tgd te%tg eference system based on the flat bed scanner

rﬂa[fen for examrp!{le, proel € an orientation as north, south etc. or up,
down etc. that is easily comprehended and easy to implement as 25

Fagonp UtBiystogeaen @ttingle BAae dnoapthesapitassfon mmwm acity”. Pixels
c%ﬂ?@fﬁ{[%% TOMING DAY DERIRIAMCH ARONMBUIRR PEHIOR, et inhe

the art, t0 provide an identificatjon of connected pixels. In figure 1, the
ARSIV BN AT aPmier BEMG Ay AAECItahAS ﬁ\ﬁt&?ﬁtﬂé‘”ﬂst%st
dettexctédcornglisielsorsatsdoiun hefsotefitiosly) dncigbirwayditmmed dhat in
AARGARYRE INREAINELNALY-EHe AirEBeOIRIES doalisY (6O MRAYSASIIhe
DS RSeted Rl WD Y DG N ION P S e e ae
SREEEPR gt y Yot assghing
directions rather than being actual directions. However, directions related to a reference
system based on the flat bed scanner platen for example, provide an orientation as north,
south etc. or up, down etc. that is easily comprehended and easy to implement as
computer program routine. Based on these rules for connectivity, an analysing routine
may be programmed, as known to a person skilled in the art, to provide an identification
of connected pixels. In figure 1, the letter “c’ is a connected set of pixels using any rule
of connectivity. The letter ‘I’ comprises two sets of connected pixels, the stem and the
dot using any of the connectivity rules. The letters ‘t* and ‘y’ comprises two sets of
connected pixels when using the four-way rule, while they are one set of connected
pixels when applying the eight-way rule. In figure 2 another example of connected
pixels forming words are illustrated. Figure 2 also illustrates the problem sometimes
encountered in OCR when deformations change the size of characters. According to an
aspect of the present invention such changed character heights may be rejected by said
test of said ratio of area/height/width as described above. Figure 3 depicts an example of
an image of text with a back ground making it difficult to distinguish pixels from the

background. Whenever such situations arise, it may be signalled back to users,
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pixels when applying the eight-way rule. In figure 2 another example of
connected pixels forming words are illustrated. Figure 2 also illustrates
the problem sometimes encountered in OCR when deformations change
the size of characters. According to an aspect of the present invention
such changed character heights may e rejected by said 3s test of said

ratip_of area/hei ht/ idth as ribed above. Figu epicts an
A BRSSP R, Gk BB i R gove the

quidiisiguitie Msﬁmmhw%mdground Whenever such situations arise, it
may be signalled back to users, 7 providing adjustments for example of

Vsﬁanrt‘her)% rslse ;t;c t ﬁ atrglproveéheo T “tg(u%tlct:?gl nlﬁ?grrga oo?tpto be
processe h e initial analysis conc ha? an image p

userisy éraemmtﬁ%m e@%a%p@m&ﬁﬁﬁﬁaﬁ%ﬁ&t%ﬁhe image
uAdepigvegtigntion yesavhadueritenifihpdmside entdiriciastigdingtésan example

P SAIGOGhIAIAE DA RORSHDE JEXTHRE %o AREQIANGH IR AL ERANOIE Rhnected

embodlment the image Iis first searched to.m asure distances bétween

PR G SRS R ISTHEANEE A5 %&ﬁ&’é‘& OLSPATMPEFIRR IR PusELed
pheiacBre trarcbnnpctbanpitdiss Phreasenndhiissptcornie thinpeestutatityrople of
<SIF2atans: %éhﬁeﬁﬁﬁfﬂ‘&%ﬁé@|%9E@ﬁ%%@£ﬂs@%éﬁﬁ@§éf@dm x-axis

distanoes o6 assembled n alistoniam where the x 2o (eBIosenl ...
re&%?ance measurec?sn plx“@ ey- a>¥s IS he COUIQI{'l %eac measure

d@m&@mwﬁﬂw@@%@mﬁ%@mﬂﬁ@@e& disfiragtdlitange between
c@ﬁﬁ&m@g bﬁ!vaﬁemw h&a@@at&uaad@ﬂ@the heseeaswiistisnahd iﬁtaﬁgeam provides

%‘38{‘ epJS 1955 e&%ﬁ@%ﬁbﬁhﬁ@é Sé? 391
the count each sa| fstinct stances Int manne entlfle
H{?&%&t@&l&%&oﬁ% B‘él?h’t‘élﬁ’nﬁtélé’ gigicripke direction

scxealict dal tie theaigaag édioitie ahfy idoytif el m'ﬂleomjtectl olmslemilm kngnetted
dlst nc?ﬁﬁﬁ%ﬁm%%fgfﬁgﬁﬁghﬁ@%ﬁ%?g%%l(ljrltlglﬁlt%r%m ple of
D B AT S B BB A ECOTca B R e eble
won@ entrijstod émetiablobaseniyr foridacti gratiabis wted ibhsdietadortblistatin said
taB@e eﬁaprweanymew SiiEtRE Iﬁl@@i%ﬁ&t&@%&@t@%@ﬁﬂﬂe@ ehiRiliahARR MeiSysis as
2% fiecibed above Ay aixclsbeing lited as elected s emavedfom,

e TS Y Rarner the onsrhtpct) étween locatio aracters

IBIW th%ﬁ@hﬂ?@%bﬁﬂﬁﬁté@éﬁﬁé@@ftﬁ?@@%%b&ﬁ@%?@ pREVidResaid table
repii@ehan ol heneldiwedpibeidesatiireoiohef the text line on the location on the

text line the present probable word is located, wherein said direction is relative to the
coordinate system used. As known to a person skilled in the art, the locations listed in

said table may be relative coordinates.

In yet another example of embodiment of the present invention, other parameters in
addition to distance characterising characters and words are used. For example, size of
connected pixels should also reflect that same characters in the same font set actually
have similar size. In this manner size and/or directions (i.e. height-width relationship of
characters) may be used to form homogeneity criteria providing a tool to further
increase the probable detection of words. In an example of embodiment of the present
invention, any known method of geometric sorting may be used to cluster connected
pixels, for example range searching algorithms. In yet another example of embodiment,
the relationship between height-width of clustered connected pixels is used to identify
the local text line direction for the probable word.
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text line the present probable word is located, wherein said direction is
relative to the 25 coordinate system used. As known to a person skilled in
the art, the locations listed in said table may be relative coordinates. In
yet another example of embodiment of the present invention, other
parameters in addition to distance chafacterising characters and words
are used. For example, size of 30 connected pixels should also reflect
that same characters in the same font set actually have similar size. In this
frenondingieaarpsiachire heapresans InipiiRny IO ionsblioe ardeldss)
mam usednsigpbhpR egeneicedieiin m@vsdmgcadmht@ fsther. By

%ﬁgeéﬁﬁg{égaﬁs Bﬁﬁ%%‘?ﬂt‘%{dwgﬁs R IRt E@?Pﬂgmgé@&ed

ntion,"an own met tl’ IC sort

W§é£ ‘tﬂ%lﬁ%@eﬁ&ﬂﬁé&@&%@%@ o Rg8 H“&Ft‘rﬂﬁ&e present

algaribmsrolidestalikithg vExamiplatasftban bmjrrhe mkﬂdetwgmmmnufy a text
ween height-width of clustered connected pixels is used to identify the

local text line direction for the probable word. 8 According to an aspect of

the present invention, a word on a text line is probably followed by a next

brwamethmmnﬁm@@mm Daipreesd iey enstisrailisapaanpiesda additipn to

M@Eﬂ@@e@i@w%}ﬂgm@ﬁi@ﬂ.aom@mm@m@g@amésfrm axsalgnietls
d Wi [ ' .
IR MSpaRp SRRty %@Eﬁ?ﬁ%@%&?ﬁ%%%@ﬁﬁ%é’é@nﬂfy

w&aﬂsﬂ@aw@mmg mﬁrﬂrw%g?&éﬁ erfibGatiar of Sirtinaeaid text

Iim¢ention, other parameters in addition to io ,sr nce characterising words

are used to identify said candidates. For example, the height-width

relationship between clustered gconnected pixels may be sorted {o.ide
AFCBERG 105 AP R LT PR B TSR ARAREr R EET ieed t
wbbaidettezt lines anssguted ealith groviped dx donpidest binblssiassdt@f thrir mutual
REEIRRIIRY Hf@i&ﬁ%@ﬁﬁ@.ﬁél%&%ﬂ&n@r@b@ﬁlgr&&heﬁw&%@@ﬁﬁ;@dlﬂmm

t th tual d t
e ”@%mg%gy,é%éﬁ it %%ﬁ?i?@g%%@re%ﬁm“ﬁi%'Sii%fﬁé‘n afjple b
m@ﬁﬁmlbmetﬁa@haﬁ%ar@é@meg e ﬁn@ﬂéﬁti&é&é@?}é\@ﬂﬁﬁﬂﬂ%ﬂuou&

by investigating if any text lines are crossing each other, or if that they are
ﬁlsco%'ﬂj"uosﬁ%tes text line tracking according to an example of embodiment of present
invention. Based on the requirement that a font set provides similar height for connected
pixels constituting characters, staff-lines interconnecting characters on a text line may
be introduced. Intersections between staff-lines and connected pixels may provide
points in the image that may be used for the geometrical transformation. Such selected

points are marked with crosses in figure 4.

Figure 5 illustrates an example of meshes for forward and inverse geometric morphing
transformation according to an example of embodiment of present invention. The
morphing may be performed as known to a person skilled in the art. According to an
aspect of the present invention, any type of transformation may be used.

Figure 6 depicts a flow diagram illustrating a preferred example of embodiment of the
present invention in a computer program running in a computer system or in a processor
element comprised in a digital camera. An image 10 is communicated fo a quality
measuring module 14. The purpose of the quality measuring module is to provide an
initial analysis of the image to assess if there is sufficient information in the image 10 to
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20 Figure 4 illustrates text line tracking according to an example of
embodiment of present invention. Based on the requirement that a font
set provides similar height for connected pixels constituting characters,
staff-lines interconnecting characters on a text line may be introduced.
Intersections between staff-lines and cBnnected pixels may provide 25

o'nts he ima at may be used for metrical transf rmato
RRFEs R UL o PR T RE 8 TTQRont PG o fscribed
ahose-esmatekanvpwstinant s forion Bhadidag fgé@‘ﬁibth@ to adjust
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ﬁ@g&%&nm&ntl X r-grﬁoﬁ?tm l%lgéng f@&)ﬁ&? ?ﬁﬂg{?ﬁﬁ%&ﬂql@cﬁ the image

erson s n the art. ACCO II’I to an_aspect esentinvention,

lé)n‘y%@d&ﬁ%ﬁ%mﬁaﬁ%tgz pasise Sl e e At he APRRAG S
diitmtradingpal poaferraddaiabiiecsfdingmdidentifiohtivn fresemiciedgntiels, i

RELHPRIBERL Oﬂ@@f{é@%ﬂé&@diﬁﬁé@&% a%i%%ﬂ%@ ﬁﬂ@‘iﬁ%ﬁ&éui%ﬁ’i
element co edjn |tal camera, An ima S COo cat

NI 1S A0BH S DG EoTRe T RSP e TR R e tSrthe
qwmmteduwarm/me’tahlqmmﬁana@ﬂ@@@td@mﬁag@q@&ts&egsmﬁ@%hé and 19
@U&Qﬁﬁﬁﬁ@@@@%ﬂ&ﬂ&ﬂ%&@dﬁ@ aReHoIRABS gREMENEals. Results
transformation acc | to th re (0)
fwarame%e?gl%% 9{[0%18 l%:‘;ll a storag e(?ag:gét%ﬁ% ?ngg%g%%c?s%fgﬁ% Xl%dule 14

regjlige pararneibls @JWWQEEWHW%FWMS@ i@rﬁa%ée@@é%ﬁ Words
afheothresiioitethfrdilanddule dSve sopdndar Mt s fidimgfia ishoy adeviedation

cﬁdﬁ&\é%&a&%@gtggn tﬁc%@é&%%&@%%%ﬂs@s%ﬂ@f%ﬂé‘&?ﬂﬁﬂie a%&&&%

toapersons art. T |tmap %EHS ¢ommunicated

gain Lt TR AR URisatsEklion GRditmes adlprimenhan 45 pegle 23,
(abbws befehdifiae grohh elterhpnreinasianaiyisbe 230l poreding foodrdenple staff-
1&4}%@'&& ae%gﬂgsaﬁyﬂsf%%mh%l E?RQ@?I?%H@J&@@WQ&M@MH&%@@

Clu rn e IXelS 10 pro WQor
ES0I5EE A At TRRRES ROS e AR hre R SRR g aped on
koom&étésembwwﬁontsdhmmds,mﬁéemrmynt/mm WWQ&%MIYSIS 23
pﬁﬁﬁ&ﬂyﬁ%t Bldels 26 tihtis-doibined with-docunzent lay@&t 22; $reerethRdule 25

SIS nc che Kis mmun| ack tq th
resttg i %?SS 518786 atﬁu men?%sfuggga%r%%e%rs ?ty a%s Hﬁ ? ga%ﬁeg 27,
aﬂ%&heﬁ@ arsahtmuiRuratondsPRTERIBNe d i eABlLAE oytputting the
trarRpidingilinkdpe 29, wiidh i communicated to an OCR program as known to a

person skilled in the art.

According to the present invention, deformed text lines may be corrected to provide
straight and parallel text lines providing more reliable recognition of text in OCR
programs with no a priori knowledge of images, or by a priori geometrical modelling of
deformations. A computer program executing the steps of a method according to the
present invention may be incorporated in a standard OCR program running in a
computer system or programmable device receiving images of documents from an
attached scanner, or from a digital camera transferring said images to said computer
system, for example via wire transfer, or via wireless communication such as Bluetooth,
for example. According to another embodiment of the present invention, said method
may be executed in a program or programmable device running in such a processor
element comprised in said camera. According to yet another embodiment of the present
invention, said method may be impiemented as an ASIC (Application Specific



candidate text-lines as described above. A consistency check may be
performed in t5 module 20 which communicates text-line candidates to
document analysis module 23. On basis of the image 10, document
analysis module 23 is providing for example staff- lines as described
above in the image 10. An example of g@lternative embodiment provides a
module 24 comprising a model description of text, for example based on
Intpsiated GeraBbutsdnesm i apeissa shilladcn thadr imagbeitl caormament any
aothbysigpe 320y pavidesStadidiiork snfeinabiy tembjesienit doaunmt
in.the image 10 that is
telEjhgsﬁeﬁc!ifJ I%g, @g}%ﬁy&%ﬁ%ﬁ@@&ﬁ%@% ga%g?e%é%%éé@ébove. The actual
transformation is performed in module 28 outputting the transformed
image 29, which is communicated to an OCR program as known to a
person skilled in the art. 25 According to the present invention, deformed
text lines may be corrected to provide straight and parallel text lines
providing more reliable recognition of text in OCR programs with no a
priori knowledge of images, or by a priori geometrical modelling of
deformations. A computer program executing the steps of a method
according to the 30 present invention may be incorporated in a standard
OCR program running in a computer system or programmable device
receiving images of documents from an attached scanner, or from a
digital camera transferring said images to said computer system, for
example via wire transfer, or via wireless communication such as
Bluetooth, for example. According to another embodiment of the present
invention, said method as may be executed in a program or
programmable device running in such a processor element comprised in
said camera. According to yet another embodiment of the present
invention, said method may be implemented as an ASIC (Application
Specific 10 Integrated Circuit), as known to a person skilled in the art, in a
digital camera or in any another type of equipment. Said digital camera
may be implemented in a mobile telephone, or any other type of mobile
_ wireless user equipment. 11 Cl ais:
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in 1. Method for geometrical transformation of a deformed image
comprising text by 5 searching text-lines in the image, comprising the
steps of a) performing an initial analysis to evaluate if there is enough
text-like structures in the image to perform the transformation, to b)
identifying connected pixels probably forming characters, words and
searching the probable characters, to identify a direction of each probable
character, word reflecting the directign of text-lanes, staff-lines or simil el
s constituting a direction of text-lines at each of the respective positions in
comprise each of the identified connected pixels forming
characters, 15 words, c) linking together n ed directions of adjacent
jidentified connected pixels thereby' g text lines, staff lines or similar

elem s constityti irection of a (t Ilneg .across the com%%%
ST SO TR EAOh & SRS e o R L
mmwma@d@mmmm&e é’@ﬁ!ﬁs@f’che image area, d)

based on the transformatlon points, transforming the image or a part of

the,i iﬁ‘#%i'%ﬁ%&:é ng&%?e%*‘éﬁé‘r@%'éﬁﬁ%%& 0858 tructur
str£g tan para e t%‘é‘ accordlng to claim I, wherein the ste?j_Sm

a) fartie BHER e e rESife cted pixels to verify that the
connected plxels are conS|stent in size, shape and 3o relative position

W'%tQ&n%ﬁﬁgar%&%@ﬁ&Bﬁ %@cﬁi%ﬁ} %WW%MWMg

comp arn heights of

thresh o \%Fl? entl |ng évrvnﬁfr%:r;g% %E}&% ?\gt%or%%g%ggg&?g

4. MefNoH Z688ramagR Weielmeh '«"-ﬂ ?ﬂ%
constitufing 2 dzrecﬁon of text-lines at eagh of ﬂm respectwe positions in ’fhe
image that comprise each of the identified conneocted pixels forming characters,
words,

v’ S

o) linking together identified directions of adjacent identified connected pixels
thereby identifying text lines, staff-lines or similar elements constituting 2
-direction of a text lines across the complete or part of the complets image arez,
ideniifying tramsformation points related to the linked direction of text lines
across the image area,

d) based on the transformaiion points, transforming the image or a part of the
image comprising the text to an image where the text lines are siraight and
parallel.

2.

Method according to claim 1, wherein the step a} forther comprises an apalysis of
connected pixels o verify that the commected pixels are consistent in size, shape and
relative position with text.

3,

Method according to claim 1, wherein the step ) forther comprises comparing heights
of connected pixels with a predefined threshold leve! identifying & minimum pixel
resoiufion of the image.

AL Lo
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connected pixels providing a ratio between aroarheightlwidth of each of
the connected pixels, and providing a comparison of the measured ratio
with a predefined lower s threshold level and a higher threshold level,
rejecting connected pixels having the ratio outside the range defined by
the lower and higher threshold levels. 5. Method according to claim 1, -
wherein the step b) further comprising measuring io distances between
connected pixels providing a first dlStI?tﬁt distance related to spacing
between characters and a second distinct distance related to spacing
letween words. 6. Method according to claim 5, further comprlsmg

MSE%BP&H LRG!S ARG S:BY Ay ARiBiN 05H TR rst

and secqnd Inct, |sa ces..7. Method ccordin ai rther
9&5&&%@@ o wﬁ&ﬁﬁ%&ﬁé&?%ﬂﬁéﬁi pnectad
mﬂdﬂt@@@m%@ﬁbﬁ SRR Tgte it necacdirad oW St

thednxidines ﬁﬂm@ﬁm@m&m@msmgmmﬁmmgh& ratio

HEHIR oL QRHIRA QeataRRn ihedexkingwherein the
clustering o

e connecte plxels are loCated. 25 9. Method according to
claim 8, further comprising sorting the Iocal text line directions into text

“Ifmes based on the second distinct distance spacing the Words 30 10.

M@fﬁ@&i@@s&t& e 1RIR1T W dkih &i=GREP ) Fiftthis eOH e @gemslﬁggby

%r in BEﬁq %Qgs& ggg

usmg %g‘h'ge woréjs% a%gaf%ss f%&?ﬁjwﬁr%%gﬁf ocal textline éireé%%%gd &
pharacters, znd a second di distance related to spacing between words

6.

Method according fo claim 3, further comprising clustering connected pixels forming
probable words based on the first and second distinct distances.

7
Method according to claim 6, forther comprising clustering the connecied pixels by
geometric sorting.

g. ‘

Method according to claim 5, further comprising identifying a direciion of the texi-lines
based on the clustering of connected pixels reflecting the direction of 2 local texi-line on
z iocation on the text-line wherein the clustering of the connected pixsls are located.

g,
Method according to claim 8, further comprising sorting the local 1ext line directions
into text lines based on the second distinet distance spacing the words.

10.

Method according io claim 9, further comprising identifying long words by sorting
height-width relationship between clustered connected pixels, and using the long words
as basis for sorting the local text line directions.

AMERTED Erzt
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11. System implemented in a programmable computer system or device
providing geometrical transformation of a deformed image comprising
text, by searching text- lines iu the image, comprising: 5 ) a program
module perfo’ g an initial analysis to evaluate if there is enough text-like
structures in the ' miage to pthe transformation, f) a program module id ' g
connected pixels probably forming characters, 10 words and searching
the probable o , words to identify a dikgction of each probable character,
word reflecting the direction of text-lines, staff lines or simils r elements
mnstituting a direction of text-lines at each of the respective positions in

i Y% dule lin o Bﬁé‘&m ding
aracte words ram.module lin ing todether iden )
S‘Fﬁﬁ%@%ﬁ %gﬁﬁégﬁ SRR SRR th‘ér% ygié'en nggteextt
Wﬁﬂhﬁé@ ePEpTiREmZelements constituting a direction of a text lines
across the complete or part of the complete image area, identifying

-u?\_

trapy 5%9%}% tuiaé aiedio ARRHoR el AR iNes AURRRL
the rma rea, pr grarn module that ba, %?d on the transformation
points SRS BRI HR hps B%%Fﬁ j’&n&%aﬁﬁrising the text

to an image Where the text Ilnes are straight and parallel. 25 12. System
acq?r%wgﬁ@m&aemmﬂm@mmw@&mmbm fRAEEAh:
analysisRhs SRAneaS welsin el vihatihe caRReeianh 3 #8oton of

consistent in size, shapé an re atlve &OS”% n with text. 13. System

accordiAREreRaRle PRERAER R RS ?%BHMW or

heightsinfizomientet pietiuiith adredictirmidar-dsho Rl tavkbifibntifgprgtie
MINIMWkitions in the image that comprise each of the identified connected pixels

forming charasters, words,

g) aprogram module linking together identified directions of adiacent identified
comnected pixels thereby identifying text Hnes, staff-Imes or similar eletnents
constituting a direction of a fext ines across the complete or part of the complete
image area, ideniifying transformation points related to the iinked direction of
text lines across the image arez, 7

b) aprogram module that based on the transformation points is trensforming the
image or 2 part of the image comprising the text to an image where the text lines
are siraight and paraliel,

12,

System according to claim 11, wherein the module ¢} further comprises an analysis of
connected pixels to verify that the connected pixels are consistent in stze, shape and
relative position with text.

13 :

System according to claim 11, wherein the module &) further comprises comparing
heights of connected pixels with a predefined threshold leve] identifying 2 miniroum
pixel resolution of the image.

AMERDED sHEST
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3s pixel resolution of the image. AMEN. ED SNE4, 14 14. System
according to claim 11, wherein the module e) father comprises measuring
connected pixels providing a ratio between arealheightfwidth of each of
the connected pixels, and providing a comparison of the measured ratio
with a predefined lower s threshold level and a higher threshold level,
rejecting connected pixels having the ratio outside the range defined by
the lower and higher threshold levels, 1‘5, System according to claim 11,
wherein the module f) farther comprises measuring i o distances between
¢gnnected pixels providing a first distinct distance related to spacmg

Eg{%’%&lé‘c‘:h g&% gﬁ‘% %E&%EM%BB&&%
een wor ystém accordln to clai gj‘% rei the module
forRRiEbPRRRIs BRY LR ﬁﬁ@t“? %ﬁsﬁ’%ﬂﬁ ?‘ﬁ. B’a Gogpssted
mmm‘ﬁmgﬂ dosamrisdrdis tipr ﬂ&m@m@ to
SlAlm e w@e&slmatﬁpgﬂaoﬁ%t @aadttmp@qm%@mwwbﬁ ?é@xizg thel r;fao
C ixe ric ing to claim
F’“fé@e% %l\%%na? nﬁﬁ;\gf fl%%ca teé%enr %arectlﬁm%giec? on the

clustering of connected pixels reflecting the direction of the text line on a
25 location on the text line Wherein the clustering of the connected pixels

rther rlse§§ortl @0@9 cal ﬁlﬁ;@éﬁwﬁ 0 te%@%ﬁ&gged
éi%tﬁ%‘ SR R s TR R S Bis e?&eém %8s
heooreitrdametetimand, Wﬁm%%%ﬂm PR el@fm/mds

long

16. _

System according to cleim 15, wherein the module further comprises clustering
connected pixels forming probable words based on the first and second distinet
distances.

17.
System according to claim 16, wherein the module further comprises clustering the
connected pixels by geometric soriing.

18. |

System according to claim 15, further comprising identifving a local text Bne direchion
based on the clustering of connected pixels refiecting the divection of the fext ineon 2
location on the text line wherein the clustering of the connected pixels are located.

19. _

Systemn according to claim 18, wherein the module further comprises sorfing the local
text line directions into text lines based on the sscond distinet distance spacing the
words.

20,

System according to claim 19, wherein the module further comprises identifying long
words by sorting height-width relationships between clustered connected pixels, and
using the long words as basis for sorting the local text line directions.

AMEENDED Skt
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words by sorting height-width relationships between clustered connected
pixels, and 3s using the long words as basis for sorting the local text line
directions. AMENDED SKEE is 21. System according to claim 11,
wherein the module e) further comprises signaling users if the initial
analysis concludes that the image comprise insufficient information, s 22.
Digital Camera comprising programmable device executing a program for
geometrical transformation of deform&d image comprising text, by
searching text-lines in the image, com g to i) a program module
Zﬁ:ientlfylng connected pixels probably forming characters, Words and

@&abf%%%lc fs‘i&er dodNRlEE E%&%&Q%@ S dBarion ﬁf&&ﬁﬁéﬁ?ﬁﬁ&tﬁ{éﬂws or

similar elements constituting a direction of text-lines at each of the
respective positions in the image that comprise each of the identified
22onnected pixels is formlng characters words, j) aerogram module linking

kitlentified diEasipns-ahadi aeh&teﬂt&aang@m@@ﬁ pixgldmetrical
thereby identi text Jines st %qga&ma
W&q ?aotf%%%lneg& acrogs he com te or part of the cor@r%%ete 20e
Wa identifying ' transformation points related to the linked
direction of text lines across the image area, k) a program module that

baged.an jhe USRI abRFRAN LSS HRAPRER 5&9@919&&%@%@%&

the |ma e comprisin th text mage wi where text lir

strargﬁt’ 3@? gé%g %Lgﬂggmera ecordin (t%o cﬁi(ar n zf‘ éTﬁgﬁeﬁn&I
the m@am@mhahmhemtéré@@w Wgﬁea%%ﬂée@:@%%ﬁ%ﬁs or
that thg:epangeteshpixeisitiop asistetibinoSize;-Biks hopeiasithe atipestive
posmon LIOEN! 1tima, image that comprise each of the identified connecied pixels

forming characters, words,

J

j) aprogram module linking together identified directions of adjacent identified
cormected pixels thereby identifying text lines, staff-lines or similar elements
constituting a direction of a text Iines aoross the complete or part of the complete
image ares, identifying transformation points related to the kinked divecion of
text iines acrose the image ares,

k) aprogram module that based on the transformation points is transforming the
image or a part of the image comprising the text to an image where the text lines
are siraight and paraliel.

23.

Digital Camera according o claim 22, wherein the module 1) further comprises an
analysis of connected pixels to verify that the conpected pixels are consistent in size,
shape and relative position with text.

24.

Digital Camera according to claim 22, wherein the module i) frther comprises
comparing heights of connected pixels with a predefined threshold ievel identifying 2
minimum pixel resolution of the image.

AMIZHDED SHEST



Digital Camera according to claim 22, wherein the module i) further
comprises 3s comparing heights of connected pixels with a predefined
threshold level identifying a minimum pixel resolution of the image.
APr'p'iDC1 s,ri EE 16 25. Digital Camera according to claim 22, wherein
the module i) further comprises measuring connected pixels providing.a
ratio between area/height/width of each of the connected pixels, and
providing a comparison of the measuggd ratio with a Predefined s lower
threshold level and a higher threshold level, rejecting connected pixels
23aving the ratio outside the range defined by the lower and higher
mmmma&mmmwmmmmmwmwmmhe
SRR LR £ OB SRS B SRS A SLAE SO GV REIRSE e

plxels proyi :ng t gﬁﬁatp%%efg ﬁrf? d to sp%%%% between ea
8%"6*1&
lmmﬁzrg@:olé Bigitadamgher frcurol écwlcmjmm mﬁetpdm@mdwreg the

HEShRIG85TRE SaE S WHasD By sankesieshp diplsciainingiaRballe words

based on the first and second distinct distances. 28. zo Digital Camera

according to claim 27, wherein the module further comprises clustering

ztﬁre connected plxels by geometrlc sortlng 29. Digital Camera according
3 ingipeisingitlevitidyding thel oxaltie) fnmhasdmpriien

RS0 OYREREL bS8 Ok X I FRIRE T8 AlieC R Al Red

ttgext Ianeg a Ioc%trlgn %%g%{ttg%ite)(t line vgherelndygtean%lusteme@tof the gbetween
words

27.

Digital Camera according to claim 26, whersin the module further comprises clustering
comnected pixels forming probable words based on the first and second distinet
distances.

28,
Digital Camera according to claim 27, wherein the module further comprises clustering
the connected pixels by geometric sorting.

28,

Digital Camers according to claim 26, further comprising identifving 2 local text Iine
direction based on the clustering of commected pixels reflecting the direction of the text
Iine on 2 location on the text line whersin the clustering of the connected pixels are
located.

3Q.

Digital Camera according to claim 29, wherein the module further comprises sorting the
local text line directions into text lines based on the second distinct distance spacing the
words.

3L
Digital Camera according to claim 30, wherein the module further comprises
identifying long words by sorting height-widih relationships between clustered

g T R o
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30 Digital Camera according to claim 29, wherein the module further
comprises sorting the local text line directions into text lines based on the
second distinct distance spacing the words. 31. ss Digital Camera
according to claim 30, wherein the module further comprises identifying
long words by sorting height width relationships between clustered 17
connected pixels, and using the long words as basis for sorting the local
text line directions. 32. s Digital Carpera according to claim 11, wherein
the module i) further comprlses signaling users if the initial analysis

JiApplication Specrflc Integrated Circuit) comprising electronic circuitry for
geometrical transformation of deformed image comprising text, by
searching text-lines in the image, comprises: 1) electronic circuitry

: ?dentlfylng connected pixels probably forming oharacters, 15 words and

Digitet Oingeth eqpratitiy) eoalisina dterwhwestd Shwrivdnty) didther tompifises
fachpeohahle gharagie mngrk refiRaing the dieselinr efiexilnasfHicient
‘%{P%gges or similar elements constituting a direction of text-lines at each
ggpectlve positions in the image that comprise each of the
identified connected pixels forming characters, words, 20 in) electronic
3gircuitry linking together identified directions of adjacent identified

RS HRsrebwideaibing iaxs ingsraiall él@%é&?&ﬁ&y for

eleme S ﬂ%%%%mu“naﬂﬁ%%é% fatext Ilnes acr?ﬁ%apgrg%%n np "getﬁx‘té’é’s
Tntsela

m&hmm@mr] of 25 text I|nes across the image area, n) electronic
circuitry that based on the transformation points is transforming the

1) electronic circuitry identifying commected pixels probably formamg characters,
words and searching the probable characters, words to identify a divection of
each probable character, word reflecting the divection of texi-lines, staff-lines or
similar elements constituting a direction of texi-limes at each of the respective
positions in the image that comprise eack of the identified connected pixels
forming characters, words,

m) electronic circuitry linking together identified directions of adjacent identified
connected pixels thereby identifying text lines, staff-lines or similar elements
constituting & direction of & text lines across the complete or part of the complete

image ares, identifying transformation points related to the linked direction of
text lines across the imags area,

n) clectronic circuitry that based on the transformation points is transforming the
image or & part of the image comprising the text to an image where the text lines
are straight and paraliel.

34.

ASIC according to claim 33, wherein the electronic circuitry I) further comprises an
analysis of comected pixels to verify that the connected pixels are consistent in size,
shape and relative position with text.
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image or a part of the image comprising the text to an image where the
text lines are straight and parallel. 30 34. ASIC according to claim 33,
wherein the electronic circuitry 1) further comprises an analysis of
connected pixels to verify that the connected pixels are consistent in size,
shape and relative position with text. 35 18 35. ASIC according to claim
33, wherein the electronic circuitry 1) further comprises comparing
heights of connected pixels with a preglefined threshold level identifying a
minimum pixel resolution of the image, 5 36. ASIC according to claim 33,
gherein the electronic circuitry 1) further comprises measuring connected

REEI:prensipeh EaHOh civieRhare A/sciaiistitniohca CarbltRmprises

%%?ﬁ%%&ﬁ%iﬁﬁéﬁ%ﬁﬁ% R ey PLaR

He 8% outside the range defined by the lower
and higher threshold Ievels 37. ASIC according to claim 33, wherein the
glectronic circuitry m) further comprises is inzanuing distances between

S iR P ha i 'S“i%sﬁr%%fi?ﬁr%%aiiﬁnﬁoiﬁééﬁs

NG : Fitihef sach of the
nde s s . MQWHISﬁQrBﬂEﬁI}IBd
Rf@&aﬂ%éﬂé’f@%@%%ﬁ QH:E%S}:QE?&@:BE&%@@&D&; SHEHR L ARIARE S 3P having the
ratio outside the range defined by the lower and higher threshold levels.

37

ASIC according to claim 33, wherein the electronic circuitry m) firther comprises
measuring distances between connected pixels providing a first distinet distance related
o spacing between characters, and a second distinct distance related to spacing between
words.

38.

ASIC according to claim 37, wherein fhe elecironic cireunifry further comprises
clustering connected pixels forming probable words based on the first and second
distinct distances.

39.
ASIC according to claim 38, wherein the electronic circnitry further comprises
clustering the connected pixels by geometric sorting.

40,

ASIC according to claim 37, wherein the electronic cirenitry firther comprises
identifying a local text line direction based o the clustering of connecied pixels
reflecting the direction of the text line on a location on the text line wherein the
cinstering of the connected pixels are located.

41.

ASIC according to claim 40, wherein the electronic cirenitry further comprises sorting
the local text line directions into text lines based on the second distinct distance spacing
the words.
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zs ASIC according to claim 38, wherein the electronic circuitry further
comprises clustering the connected pixels by geometric sorting. 40. ASIC
according to claim 37, wherein the electronic circuitry further comprises

sa identifying a local text line direction based on the clustering of
connected pixels reflecting the direction of the text line on a location on
the text line wherein the clustering of the connected pixels are located.
41. ss ASIC according to claim 40, wherein the electronic circuitry further
comprises sorting the local text line directions into text lines based on the
second distinct distance spacing the words. 19 42. ASIC according to
g£laim 41, wherein the electronic circuitry further comprises identifying

‘%%}%‘ected pi e? 2& %%slgr% [ﬁlge%%&%?u %%ag rsortn i Igcal
SR PBERASS é)%‘%&’ﬁ'éﬁt 5?/??%" ‘i?i‘s*ﬁf

mana@ed@m&iwm}d]x)stugt &@rignmwd’w@n Aertingibefone famdine
Shadysis:concludes that the image comprise ~ cient information. 44.
Mobile wireless user equipment comprising aDigital Camera according to
claim 22 to is 32. 45. Optical Character Recognition System comprising a
fRethod according to claim | to 10. 20 46. Optical Character Recognition
A5monndting acdsistelh, sheortitptolataimid ¢iteniy DAErBpthsapprises

g&gﬁﬁﬁaﬁ@@&@m&wﬂmw&@&g@mmms
(0]

Miobile wirsless user equipment comprising 2 Digital Camera according to clam 22 o
32.

45. ‘
OPﬁGéI Character Recognition System comprising a method according to claim 1 to 10

46,
Optical Character Recognition System comprising & system according to claim 11 1o 21,

47,
Optical Character Recognition System comprising an ASIC according to claim 33 to 43,
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