Anhang C

Auswertung des
Entzerrungsalgorithmus

Die Auswertung erfolgte anhand eines Vergleichs der Erkennungsraten. Einmal
wurde im Vorfeld der Texterkennung eine Entzerrung mit Hilfe des vorgestellten
Algorithmus durchgeftihrt und einmal wurde die Entzerrung vom systemeigenen
Entzerrungsmodul von OmniPage 16 ubernommen. Das Ergebnis der Auswertung
wird wie folgt visualisiert:

1. Entzerrte und binarisierte Version eines Dokuments

2. Das Ergebnis der Zeichenerkennung nach der Entzerrung mit dem vorge-
stellten Algorithmus

3. Das Ergebnis der Zeichenerkennung ohne Beteiligung vom Algorithmus

Anzahl Fehlerrate Fehlerrate
der Worter | mit Algorith- ohne Algo-
mus rithmus
Beispiel A 657 92,5% 91,7%
Beispiel B 640 95,4% 93,8%
Beispiel C 807 93% 91,6%
Beispiel D 91 87,9% 76,9%
Beispiel E 847 94,2% 91%
Beispiel F 799 91,6% 87,3%
Beispiel G 614 97,7% 96%
Beispiel H 489 94,5% 91,4%
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Beispiel | 155 85,2% 87,7%
Beispiel J 708 94,8% 95%
Beispiel K 462 88,7% 86,6%
Beispiel L 277 85,2% 85,6%
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Abstract

This work deals with the recovery: of illusory linear clues
Jrom perspectively skewed documents with the purpose of
using them for rectification. The computational approach
proposed imple the | princi-
ples implicitly used in textual layouis. The numerous cvam-
Pples provided show that the method is mbust and viewpoint
and scale invariant.

1. Introduction

As sensor resolution increases and prices drop, cameras will
one day be used to capture documents in hieu of flatbed
scanners. One of the main disadvantages when capturing 3
document with a camera is that the non=contact image <ap-
ture process causes geometric distortions dependent upon
the camera onentation, in particular perspective skew, as
typified in Figure 1-left.

This work addresses a fundamental problem that need to
be faced when trying to passively deskew a captured docu-
ment, namely the detection of linear clucs that can be used

as p 1o d the d plane
orientation w.ct. the camera and the rectifying homogra-
phy.

Figure 1-lcft shows several kinds of lincar clucs that may
arise in practice. Clue A is a vertical ilfusory [2] clue. It
does not correspond to an actual linear feature but rather to
a sct of organized featurcs arranged lincarly. Clue B is a
vertical hard line which is the projection of the actual docu-
ment edge. Clues C are honzontal illusory lines, which have
been inferred from the arrangement of characters into text
lincs. Similarly to clue B, cluc D 1s a horizontal hard linc.
Clue E 1s a quadrilateral that can be cither illusory or cor-
to an actual gular outline in the d

has been only focusing on recovenag groups af paralie! text
lines 1o compensate for rotation for OCR and other scanring
applications. b

In this paper we will be dealing with the problem of find-
ing illusory clues of the type A and C without assumptions
on the type of document. fonts or camera rotation and on-
entation other than the presence of some organized tent.

Text had been designed long betore perecphon studies
but with the unspoken principles of perceptual saliency (see
¢g. [2])in mind. Give any organised text, even foreign
and unintelligible to us, and words. lines and paragraph
structures pop out preatienuively. The appraach presented
in this paper is strongly based on a computational imple-
mentation of these perceprual organization panciples and
will be shown to be robust, fast and general

2. Related works

The subject of correcting perspective skew in documents
has been largely neglected in the lierature, Even recent
works expheutly addressing camera-hased document imag-
ing such as | 14] treat only rotaton-induced skew.

The geometry of the rectification is well known [6] but
the problem ot passively and robustly detecting the geomet-
¢ features needed s still open.

A substanial body of rescarch has been dedicated t text
and page segmentation in document images, but any distor-
uon considered 15 again only rotatton-induced  The main
bottom-up methods used include many vanations on pro-
Jection profiles approaches, Hough-inspired techniques [ 12]
and nearest-neighbour clustening [9](13]. Top-down meth-
ods seck to extract the high-level structure of the images,
such as by using Manhattan layout analysis of the (white)

(e.8.  figure box or the four document boundarics). Hard
edges of the type B and D can be detected rather tnvially in
many ways using edge detectors (c.g. the Hough transform)
and will not be addressed as such in this paper. Tllusory
edges such as C and A arc rather difficult 1o find reliably
in practice and most of the iterature on document analysis
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back (). Mecthods that analyse connected compo-
nents as we do are fairly common in document analysis. Be-
sides the aforementioned [9)(13] and others, an interesting
approach that employs perceptual orgamzation principles is
[11], although assuming of parallel-lines. All the methods
above assume that the text hins are still parallel in the im-
age and could not work with perspective skew. The work
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shstract

This work deals with the rrcowvery of 1 1Tusery Tinear clues

from perspectively skesed document= with the purpose of

using them for mclification. The computational apprmu:h
progosed 1rr|:|'|-er||=nt:- the perceptual organdization pro=.ipies
imolicitlv used in tertual lavouts. The numerous clamoies
pravided show that the method is robust and wi=mpoint

and scale imvariant.

1. Introduction

A=x zensor resolution increases and prices drop, cameras will
ane dav be used to capture documents in liew of flatbed
scanners. One of theo main disadvantage=s when captunng a
document with a canera i3 that the mon-contact image capture
proceEss causes geometric distortions dependent upan

the cam=ra oncntation, in particular perspectiw skem, as
twrified in Fioure 1-Teft.

This work address=s a fundamental problem that need to

be faced when trying to passively doskew a captured document,
nam=ly the detection of Tinear clues that can be used

a=s gEpmetritc primitives to detesrmine the document plan=
ulfl'l'enta.tim w.r.t the camera and the rectifwino homoora-

oy .

Figure I -left shows several kinds of Tine=ar clues that may
aris= in practice. Clues & iz a wvertical i1Tusory [2] clu=. It
doms mot correspond to an actual Timear feature but rather to
a ==t of oroanized features arranoed linearlv. Clee B iz a
vartical hard Tin= which iz the projection of the actual document
mgge. Clees C are horizontal il1lusory Tines. which have
been inferred from the arranoem=nt DF characters into text
Tines. 51m1'|a.r'|v to clee E, clue O is 2 horizontal hard Tine.
Clee E i5 a puadrilateral that can be sither illussry or curresoondins
to an actual rectangular cutline in the document

{m.g. a Figure box or the four document boundaries). Hard
edges of the _twpe 11 and 0 can be detected rather mvially in
many ways using edoge detectors (e. 9. the Hough tra.nsﬁ:rn)
and will mot be addressed as such in_this caoer. I11

ed ges such as © and A arc rather difficult to find re'|1a|:|'|v
in practice and most of the Titerature on document analvsi's
has been only focusing on recovenng grougs of paralle]l text
Tine=s to compensate for mtation for OCR and other scanning
aoolications.

In this pap=r we will be dealing with the problem of finding
il Tusory clees of the type 4 and C suthut azswinption.s

on the type of document. fonts or cam;...ra rotation and orientation
pther than the press=nce of sonc organized test.

Text had been desiored Tomo before percestion_studies

but with the unspoken principles of perceptual salie=ncy (sec
e.g. [2] J in mind. Sive any organised text, even forsign
and wuninte1ligible to ws. and words. lines and paragraph
structures pop out prean=ntively. The approach presented
in_this paoer iz stronclv based on a2 computational imolementation
of these perceptual organization prociplcs and

will be shomn to be robust, fast and gensral

2. Rmiated works

The subject of correcting p-erspe:t'l'.re skew in documeEnts

has been larcelv neclect=d in the lit=raturs. Even recent
va.orks explicitly addressing cameraz-bazed document imaging
=wch as 114] treat only rotation-induced skew,

The geometry of the rectification iz well knuwn {61l but

the problem ot passively and robustly detecting the g=omn=tne
fratures nesded is sti11 coen.

& substantial body of research haz been dedicated to text
and page segmentation in document dimages, but any distortion
considered iz again only rotation-induced. The main
bottom-up metluxis used include many variations on projection
orotil=s aooroaches. Houoh-insoired technioues [127

and nearest-neighbour clustering [21[131. Top-down methods
se=k to extract the high-Te=vel structure of the images,
such as by using Manhattan layout amalysis of the (while)
backgroumd [11. M=thods that analyse connecte=d components

as we do are fairlv_common in document analvsis. Besides
the aforementioned [91[12] and others, an interesting
approach that =aploys perceptual organization principles 9=
[111, although aszwming of parallel-Tines. 4171 the methods
above azzum= that the text Tinez are sti171 parallel in the image
and could not work with cerspective skew. The work
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This work deals with the recovery of 11luscry Tinear clues

'F1'rn perspectively skewed documents with the purpose of

using them .fOr rectification. The computational approach

oroogsed imolements the oercectual croanization orincjoles
implicitly wsed in textual layouts. The numerous =ta’

pies provided show that the method iz robust and v1ewpu‘|nt

and zcale imaariant.

1. Introdectian

Az zensor resalution increases and prices droo. cameras will
one day be used to capture documents im lieu of Flatbed
scanners. One of the main disadvantages when capturing =
document with a canera is that the mon-contact image capture
process Causss qenmetnc distortions depsndent wupan

the camera onentation. in particular opersosctive skew. as
typified in Figure 1-Teft.

This work address=s a ﬁ.lnda.rr:rltal problem that need to

bc faced when trying to passively deskew a captured document,
nam=Ty the detecticn of Tinear clues that can be used

as _geometnc orimitives to deterniine the document olane
orientation w.r.t. the carmera and the rectifying hormography.
Figqure I-left shows several kinds oflin=ar clu==sz that may
arize in practice. Clue A iz a wertical wWilzon, [2] clu= It
doms mot correspond to an actual Timear feature but rather to
a s=t of croanized features arranged Timearlv. Cle= E 45 2
wvartical hard Tin= which is the projection of the actual document
mphge

Clues C are horizontal iTluscry Times. which have

been dnferred fron the arrangement of characters intoc text
Tines. Similarly to clue E. clue O iz a _horizontal hard Tine.
Cle= E is a guadrilat=ral that can h= either i1lusory- or corresponding
to an actual rectangular cutline im the document

{m g. a figure box or the four document I:IDI.I1I:|II_|E5:|- Hard
thz type B and D can he detected rather tmially in

=rndaci: "lwa.w. =sino edos detectors (e.o. the Houoh transformd
and w11t mot be addresse=d as such im this paper. I1lusory
cd =z such as C and A. are rather difficult to Ffind reliably
in practice and most of the '|1tl=ra.1:ur\e on docume=nt analysis
has been only focusing on recovering groups of parall=l text
Tines to compensate for rotation for OCR 2rid other s=annino
application,

In this puer we will 5= dealing w ith the problem of find
ing illusory clues of the type A and C without assumptiocns
on the type of document, fonts or =am=ra rOtation and orientation
othar than the presence of some= oroanized text .

Text had been designed Tong before percestion stoches

but with the uns-poks=n pnnciples of perceptual zalie=ncy (-ce
e.g. [21 in mind. Give any org,amised text, =ven foreign

and un1nt|:1'|1q'|l:l'|c to us, and words, Tlines and paral ._zraph
structure's poo out on eattentwely The aporoach oresented

in this paper iz strongly based on a2 computational imale
mentation of these peroeptual organization pnncipl=s and
will h= shomn to he robust, fast and general.

Z. Related morks

The subiect of correcting persoective skem in documents

has been Targely neglect=d in the Titerature. Even recsnt
works explicitly addresszing camera-based document ntag

Mg zuch as 1141 treat only rotation-indeced skew.

The geometry of the rectification iz we=11 known ol hod

the oroblem ot passziwvely and robustlv detectino the ceometric
fratures nesdsd is =til1l cpen.

& sub=ztantial body of ressarch has bean dedicated to text
and page segnentation in document images, but any distor
£ion considerad is again Jnly rotation-indwced. The main
bottom-up methods wsed include manv variations on oroiection
praofiles approaches, Hough-inspired technigues [ I

and nearest-neighbour clustering [91[131. Top-down methods
seek to extract the high-lTeyel strocture of the images,
such as by using Manhattan Tayout amalysis of the (white)
backoround [ 1 1. Metheds that analwse connected components
as we do are fairly common in document analysis. Besides
the aforementioned [91113] and others, an interesting
approach that =aploys perceptual urqa.niut'l'un principlas 4=
[111, although asszwming of parallel-limnes. A11 the methods
above azzume that the text linez are =til]l oaralle] in ths imaos=
and could not work with perspective skew. The work
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Abstract

Compared to scanned mages, document pictures
captured by camera can suffer from distortions due to
perspective and page warping. It is necessary to re-
store a frontal planar view of the page before other
OCR techniques can be applied. In this paper we de-
scribe a novel approach for flattening a curved docu-
ment in a single picture captured by an uncalibrated
camera. To our knowledge ths 1s the first reported
method able to process general curved documents in 1m-
ages without camera calibration. We propose to model
the page surface by a developable surface, and exploit
the properties (parallelism and equal line spacing) of
the printed teztual content on the page to recover the
surface shape. Ezperiments show that the output im-
ages are much more OCR friendly than the orginal
ones. Whale our method is designed to work with any
general developable surfaces, it can be adapted for typ-
1cal special cases including planar pages, scans of thick
books, and opened books.

1. Introduction

Digital cameras have proliferated rapidly in recent
years duc to their small size, casc of use, fast response,
rich set of features, and dropping price. For the OCR
community, they present an attractive alternative to
scanners as imaging devices for capturing documents
becausce of their flexibility. However, compared to digi-
tal scans, camera captured document images often suf-
fer from many degradations both from intrinsic limits
of the devices and because of the d exter-

One way of dealing with these 3D factors is to use
special oquipments such as structured light to measune
the 3D range data of the document. and recover the 2D
plane of the page ‘1. 12]. The roquirement for costly
equipment. however, makes these approaches unattrac-
tive.

The problem of recovering planar surface orienta-
tions from images has been addressed by manv re-
searchers inside the general framework of shape estima-
tion [5. 7. 10. and applied to the removal of perspective
in images of flat documents {3, 4, 11]. However, page
warping adds a non-lincar, non-parametric process on
top of this. making it much more difficult to recover the
3D shape. As 3 way out, people add in more domain
knowledge and constraints. For example, when scan-
ning thick books, the portion near the book spine forms
a cylinder shape (8], and results in curved text lines in
the image. Zhang and Tan [16] estimate the cylinder
shape from the varying shade in the image, assuming
that flatbed scanners have a fixed light projection di-
rection. In terms of camera captured document images,
Cao ct al. {2] use a parametrical approach to estimate
the cylinder shape of an opened book. Their method
relics on text lines formed by bottom-up clustering of
connccted components. Apart from the cylinder shape
assumption, they also have a restriction on the pose
that requires the tmage planc to be parallel to the gen-
cratrix of the page cylinder. Gumerov et al. (6] present
a method for shape estimation from single views of de-
velopable surfaces. They do not require cylinder shapes
and special poses. However, they require correspon-
dences between closed contours in the image and in
the unrolled page. They propose to use the rectilin-
car page boundarics or margins in document images as

nal cnvironment. Among many new challenges, one of
the most important is the distortion due to perspec-
tive and curved pages. Current OCR techniques are
designed to work with scans of flat 2D documents, and
cannot handle distortions involving 3D factors.
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This may not be applicable when part of the
page is occluded.

Another way out is to bypass the shape estimation
step, and come up with an approximate flat view of the
page, with what we call shape-free methods. For scans
of thick bound volumes, Zhang and Tan [15] have an-
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Abstract

Compared to scanned images, docum=nt picturss

captured by camera can suffer from distortions dues to
perspective and page marping. it is necessary o restore
a frontal planar viem of the page before other

OCR technioues can be aooli=d. In this caper we describe
2 novel apprvach for flattening a2 curved document

in a single picture captured by an uncalibrated

camera. To our knowledge this iz the first reported
method abl= to process gqemeral curved documents in images
without camera calibration. we proooss to maodel

the page surface by a cevelopable surface, and =zploit
the properties (parallelizm and equal Tin= spacing)} of
the printed textual cont=nt on the page to recover the
surface shape. Experiments show that the ovtput images
are much_more OCR friendlv than the “rio:Tull

anes. While cur method 15 designed to work with any
general developable surfaces, it can be adapted for typical
special case=s dinciuding pianar pages, scans of Chick
books, and opened boaoks.

1. Introdection

rigital cameras have proliferated rapidly in recent
vears due to their small size, =a.ze of use, fast response,
rich set of features, and -drnpn'irtq price. For the OCR
commumity, they pressnt an attractive alternative to
scanners as imaoino devices for caoturino documents
because of their flexibility. Howewer, compared to digital
sca.ns, camera captured document image= often suffer
from many degradations both from imtrinsdic Timits

of the device and because of the unconstrained =xternal
=mvironeent. Amona manv new challenoes. one of

the most important is the distortion dee to perspective
and cuntd pages. Current OCR technigues are

desigmed to work with scans of fiat 20 docoments, and
cannot handle distortions involwing 30 factors.

one wav of dealino with these 3D factors i.s5 to use
special =guipments such as structured 'I1-:|ht to mEasurs
the 30 range data of the document. and recover the 120
plan= of the page :1, 121. The requiresent for =ckstly
equipnent. howsver, makez these approaches unattractive.

The problem of recovering planar surface orientations
from images has been addressed by many ressarchers
inside the genaral framework of shape estimation

T. 101, and applied to th-e repoval of perspective
in imaoes of flat docoments 13. 4. 111, Howewver. oaoe
wargimg adds a mon-Tinear, non-parametric process on
top of this, making 1t n1.||:h more difficult to recover the
30 shap=. &5 a way out, people add in more domain
knowledge and constraints. For sxampl=, when scanming
thick boocks. the portion near_the boak zpin= forms
a cylinder shape [EL, and results in corved text Times in
the image. Zhang and Tan ELEL estimate the cylinder
shap= from the varying shade in the image, assuming
that flatbed scanners have a fized Tight projection chirection.
In terms of camera cactured document imaoes.
Cag =t al]. 121 us= a paramstrica.l approach to estimate
the cylinder shap= of an ocp=ned book. Their methed
reli=s on te=xt Tines formed by bottom-up clustering of
connected components. Apart from the cylindsr shape
assunotion. they also have a restriction on the o
that requires the image plane to b= parallel to th-e gEneratrix
of the page cylinder. Cumercw =t al. 1El present
a method for shap= estimation from single viess of developable
surfaces. They do not reguire 1:'..-'|1|'||:|-|=r shapes
and soecial poses. However. thev reowire corresoondences
between closed contours in the image and in
the unrolled page. They proposes to us= the rectilinear
page boundaries or margins in document images as
contours. This may not b= applicable when part of the
oape iz oocluded.
another vbPay out is to bypass the shape estimation
step, and com= wup with an approximate flat view of the
page, with what we call shape-fres methods. For sau-is
of thick bound wolumes, Zhang and Tan 1151 have am-
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thetract

Compared to scanned images, document pictures

captured by camera can suffer from distortions due to
persoective and oape waroino. it mnec=ssary to restors

a frontal planar wies of the page before other

OCR techmigues can be 2ppfz=d. In this paper we describe
a novel approach for flatt=ning a curved document

in A simgle picture captured by an uncalibrated

camera. To our knowledoe this_is the first recorted
mathod able to procesz gemeral cuorved documents n images
mithout camera calibration. We propose to model

the page surface by a developable surface, and =xploit
the properties (parallelism and equal Tine= spacing)} of
the orinted textual contemt on the paoe to recover the
surface shape. Experiments show that the owtput 17/lages
are much more OCR friendly than the origimal

ones. wWhile cur method is designed to work with anmy
general developable surfaces, =t can be adapted for typical
special cases includinao ofanar caoes. scans of thick
bock=s, and opened boaks.

1. Introduction

ymars dus to their small size, =asze of use, fast respo =-nt
Dicital cameras have oroliferaged racidlv in rec

rich et of feature=s, and dropping price=. For the OCR
community, they present am attractive altermative to
scanners as imaging devices for capturing documents
bacause of thedir flexibility. However, compared to digital
scans. camera {faotured document imaoes often suffer
from many degradations both from intrinsic limits

of the devices and becausze of the unconstrained external
=n &nong man}” new chal lenges, one

the most impor pages distortion du= to p=rsp=c

vironment. tant is the -

£ive and curved . Current OCR technigues ars

ded to work with scans of flat 2D documents, and

handle distortions

cammot imvalving 30 factors

one way of dealing with these 3D factors is to use
special smguipments such as structured Tight to measurs
the 30 range= data of the document. and recover the 213
plan= of the page 11, 1Z. The reguiresent for costly

na
sguipnent. howsver, makes thezs approaches uttractive.

The nr\nh'lern of recovering planar surface ori=ntations
from images has been addres.sed by many rese=archers
inside the ceneral framework of shape estimation
15, 7, 101. and applied to the removal of perspective
in 1r|l-qe=- of flat documents 13, -1, 111, Houpwver, pag

warging adds a non-linear, non- pa.ra.m:tn: process an

top of this. making it much more difficelt to recover the
iD shape. 4x a2 wav out oeonle add in_more domain
knowledge and constrainkts. For =xampl=, when scannming
thick book, the portion mear the book =pine forms

a cylinder shape 181, and results in curved text Tines in

the image. Zhang a.nd Tan 118l estimate the cylinder

shaoe from the van.ino shade in_the imaoe. zissurning

that flatbed zcz.nners ha.ve a Fixed Tight projection direction.
In terms of canera captured document images,

Cap =t al. 121 ps= a pru-ametrical approach to estimate

the cylinder shap= of an op=ned book. Their method
reli== on text Tines formed bv bottom-up clusterina of

connect=d companents. Apart from the cylinder shaps

assumption, they also ha,we a restriction on the pose

that requires the image plane to be parallel to the g=nera.trix
of the page cylinder. Cumercw =t al. LEl present

a method for shape estimation from sinole wiews of develooable
surfaces. They do not reguire cylinder sha.pes

and special poses. However, they reguire correspondences
betwesn clos=d contours in the image and in

the unrolled page. Thay proposs o use 1']1E rectilin=ar
paas boundari=s or maroins in document ima.oes as

contours. This may not b= applicable when part of the

pa.ge is occcluded.

Ancther way cut is to bypass the shap= estimation

=tep, and com= up with an approximate Flat view of the

oape. with what we call shaoe-fres metheds. For scans

of thick bound volumes, Zha.ng and Ta.n 1151 have an-
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other method for straightening curved tex: lincs. They
find text line curves by clustering connected compo-
neats, and move the compoaents o restore straight
horizontal baselincs. The shape is still unknown but
image can be OCRed. Under the same cylinder shape
and parallel view assumptions as Cao ct. al have. Tsoi
et al. [14] fistten images of opened books by a bilin
car morphing operation which maps the curved page
boundaries to a rectangle. Their method is also shape-
free. Although shape-free methods are simpler, they
can only deal with small distortions and can not be
applied when shape and posc aze arbitrary.

Qur goal is to restore a frontal placar image of &
warped document page from & siagle picture captiured
by an uncalibrated digital camers. Our method i
based on two key observations: 1) & curved document
page can be modcled by a developable surface, and
2) prioted textual content on the page forms texture
flow fields that provide strong constraints on the uz-
derlying surface shape ‘9] More specifically, we extract
two texture flow fields from the textual area in the pro-
Jected image, which represent the local orientations of
‘projected text lines and vertical character strokes re-
spectively. The intrinsic parallel:sm of the texture flow
veewns on the curved page is used to detect the pro-
Jected rulings. and the equal text line spacing property
on the page is used to compute the vanishing poists of
the surface rulings. Then 3 developable surface is fitted
to the rulings and texture fow fields, and the surface
s warolled to generate the fiat page image.

Printed textual content provides the most promi-
ent and stable visual festures in document images
13.11,2,15). In real applications, other visual cues
are ot as reliable. For example. sbade may be bissed
by multiple ight sources; contours and edges may be
occluded. In term of the way of using printed textual
conuent i images, our work differs from 15, 2 in that
we do not rely oz connected component analysis which
‘may have difficulty with figures or tables. The mixture
of text 39 noo-texs elements will also make traditional
shape-from-texture techniques difficult to apply, while
our texture flow based metbod can still work. Over-
all, compared 1o others’ work, our method docs not
require a fat page, docs ot require 3D range data,
does pot require camera calibration, does not require
‘special shapes ot poscs. and can be applied to arbitrary
developable document pages.

‘The remainder of this paper is organized into five
sections. Section 2 introduces developable surfaces and
describes the texture flow fields generated by printed
sext oo document pages. Section 3 focuses on texture
Jow field extraction. We deseribe the details of surface
timation in Section 4, and discuss the experimental
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Figure 1. Strip approximation of  developable surface

results in Section 5. Section 6 concludm the paper
2. Problem Modeling

The shape of a smoothly rolled document pagr can
be modeled by a developsble surface A developable
surface can be mapped isometncally onto a Euclidean
plane, or in piain English, can be unrolled onto a plane
witbout teanng of stretching. This process is called de-
velopment. Development does not change the intrinsic
‘properties of the surface such as curve leagth or angle
formed by curves.

Rulings play a very important role in defining de-

velopable surfaces. Through any point on the surface
there is one and only one ruling, except for the degen-
erated case of  plane, Any two rulings do not inter-
sect exeept for conic vertiers. All points along s ruling
share a common tangent plane. It 1 well known in
clementary differential geometry that given sufficient
differentiability a developable surface s cither a plase,
a cylinder, 8 cone, the collection of the tangents of 3
curve in space, or a composition of these types. On a
cylindrical surface, all rulings are parallel; on & conic
surface, all rulings intersect at the conic vertex; for the
tangent surface case, the rulings are the tangent lines
of the underlying space curve; only in the planar case
are rulings not uniquely defined.

The fact that all points slong s ruling of a devel-
opable surface share a common tangent plane to the
surface leads to the result that the surface is the eave-
lope of » one-parameter family of planes, which are its
tangent plancs. Therefore & developable surface can be
piccewise approximated by planar strips that belong to
the family of tangent plancs (Fig. 1). Although this 1
only a first order approximation, it is sufficient for our
application. The group of planar strips can be fully de-
scribed by a set of reference poiats {P,} along  curve
on the surface, and the surface normals {N,} at these

points.

Suppose that for every point on o developable sur-
foce we select a tangent vector; we say that the tan-
gents are parallel with respect to the underlymg surface
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ather method for straightening curved text Tines. They
find text Tine curves bv clusterinag conmected comoonents.
and move the compons=nts to restore straight

I1|:|r1znnta'| bas=lines, The shape is sti11 wunknown but
image= can b= GER:d I.Indner the sam= cylinder shape

and parall=l view Is.sl.rrmt'lms- a.s Cao et. al have Tsod

=t al. 1141 flatten imaoe=s of ocoened books br a biline=ar
In-rnhmq operation which mops the curved page

bowndaries to & rectangle. Their method iz alsoc shapefres.

Althowgh shape fres methods arc simpler, they
can_onlv deal with =mall distortions and can not be
applied when shap= and pose are a.rh'lt.rirv.
Our geal is to rtore a2 frontal planar image of a
wa.rped document page from a single picture aptured

by an uncalihrate=d digital cam=ra. Our method L=
bazed on two kev_observations: I a curved document
page can b= modele=d by a developable surface, and
2] printed text.ual content on the page forms texture
flg=; Fields that prowvide strong constraints on the wnderlying
surface shape :,91. sore speetcally, 9, extract
two texture Flow Fields from_the textual area in_the orodected
image. which repressnt thc Tocal ori=ntations of
projected text Tines and wertical character strokes respectiwly.
The intrinsic parallelizm of the texture flow
WOCIAn on the curved page is used to detect the projested
raluios. and the eou_al text Tine soacir.o orooerty
an the page is us=d to compute the vanishing pmnt_i of
the surface rulings. Then a developable surface is Fitted
to the rulings and texture Flow F'ie'ld:, and the szwurface
iz wnrolled to generate the Flat page image.

Frinted textual content orovides the most orominent

ana] =table visual focaturm in document images

;3. 14, 2, 151. In real applicatiora, other visual cues
are not as reliable. For exaw.ple. shade may be biased
by multiple 1ight sources. contours and =dg=s may be
gccluded, In t=rm of the wav of using orinted textual
content In Amages, cur wark ciffer, from 15, 21 in that
we do not rely on connected component analysis which
may have cifficulty with figqures or tables. The mixtur=
of text and non-text =le=mpent, will also make traditiomal
shage-from-texture techmioues difficult to aoolv. while
our texturzs flow based m=thod can sti171 work. Cverall,
compar=d to others work, our method does not

reguire a flat page, do=s not reguire 30 range data,
doms mot require camera calibration, doess not regeire
spedal szhaoes or oeass.
developable documant pages.
The remainder of this paper is organized into five
sections. Section 2 introduce, developable surfaces and
describes the tcx-ture flow fields generated by primted
text on document oaoes. Section 1 focuses on_texture
flow field extraction. we describe the details of surface
extimation in Section 4. and dizciuzs the experimental
results in Section 5. Section & conclud,
2. Froblen Hiodeling
The shape of a smoothlv rolled docurnent paoe can
b= modeled by a developable surface.
A gevelopable surface can b= mapped isometrically onto a Euclid=an
plan=, or ¥ plain English, can be wunrolled onto a plan=
mithout t=aring or stretching. This process is called development.
Develoorent does not chanoe the intrinsic
progerties of the surface such as curve Temgth or angle

Rulings play a wery important role in defining deformed

by curves.

velopable surfaces. Throuoh anv ooint om the surface

ther= iz on= 3.md only one ruling. except for the degenerated
case of a plane. aAny two rulings do not interssct

mxcept for conic vertics=s_ ATl pu'inu along a ru'l'inl:l
shar= a common tangent plan=. It iz we=11 known in
elementary differential oeometrv that oiven sufficient
differentiability a developable surface 13 =ither a plans.
a cylinder, a2 con=, the collection of the tangents of a
curve in space, or a composition of thess types. On a
cylindrical surface, 211 ruling, are plra.'l'l-e'l' on a canic
surface. all rulings intersact at the conic vertes: for the
tamgent surf CHMC |, theo rulings are the tangent Tines

of the underlving space curve; only in the planar case=

are ruling,s not uniguely deF'l'ned.

The fact that all point, along 2 ruling of a developable
surface_share a common tanoent olane to the

surface Tmads to the result that the surface is the =2av,
lope of a one-paranete=r Famrily of planes, which are its
tamgent, planes. Ther=fore a developable surface= cam b=
piec=wisze approximated by plamar strips that belong to

the familv of tanoent olanes (Fio. 1%. althouoh this s
only a f1t order approximation, it is sufficient for our
application. The group of plamar strips can be fully described
by a ==t of reference point=z kol along a curve

on the surface, and the surface normals 1,1%:3 at thess=

Supgose that for every point on 2 developable surface
we select a tangent wector: and say that, the tanpoints.

gents arc parallel with respect to the wnderlying surface

Figure 1 Strip approximation of a developable surface
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gther method for straichtemino curved text lines. Thew
Find text Tine curvce by clustering connected components,
amnd mowe the components to restore Itradight
horizontal bas=lines, The shape iz =%i171 uriknosn but
image can b= OCRed. Under the sam= coylinder shape
and paralle]l view assumotions a.s Cao et. al have Tsoi
et al. 1141 flatten -image=s of opene=d books br a bilin=ar
morphing operation which mops the curved page
bovndaries to & rectangl=. Their method is also shapefres.
Although shap=-free methods are simpler, they
can_onlv deal with =mall distortlons and can not h=
applied when shap= and pose are arbitra.ry.
Our goal is to rtore a frontal planar image of a
wa.rped document page from a single picture aptured
by an uncalihrated digital camera. Dur method L=
bazed on two kev _observations: IV a curved document
page can be modeled by a developable surface, and
2) printed text.ual content on the page forms texture
Fflo=; fields that provide strong constraints on the wnderlying
surface shape :, 21, More speslcally, 9, =xtract
tmo texture flow fields from the textual area in_the oroiected
image. which repress=nt tho Tocal orientations of
projected text Tines and wertical character strokes respectiedy.
The intrinsic parall=lisan of the texturs Flow
WOCIAn on the curved page is used to detect the projes=ted
raluias. and the mou_al text line =oacir.o orooerty
an the page 15 us=d to compute the vanishing Du'll'l'l‘_l of
the surface rulings. Then a developable surface is Fitted
to the rulings and texture Flow F'ie'ld:.. and the surface
is wnrolled to generate the fiat page image.

Frinted textual content orovides the moat orominent

an= :tab'le visual focaturm in document images

;3. 11, Z, 151, In real applicatiorz, other wisual coees
a.rl: not as reliable. For exaw.ple. =-ha|:||= may be biased
by multiple Tight sources., contours and =dges may be
occluded. In term of the wav of using printed textual
content in images, ocur work differ, from 15, 21 in that
we= do not rely on comnected component inﬂ.'ll(rl:- which
may have fifficulty with Figures or tables. The mixtur=
of text and non-text =l=pent, will also mak= traditional
shape-from-texturs technioue=s difficult to aoplv. whil=
aur texturs flow based method can =ti11 work. Cverall,
l:DlTl:IrEI:' to others work, our rr|=ﬂ1u|:| does not

reguire a 'l"la.t page, dn-:: not reguire 30 range data.
does mot reguire camera calibration, does not reguire
zoeda’ shaoes or oeass. and can he apolied to arbitrary
deyvalopable docum=nt pages.

The remainder of this paper is organized into Five
secktions. S=ction 2 -Gintrocuce, developable surfaces and
describes the tocx-turs Flow fields generated by printed
text on document paoes. Section 3 focubes on_ texture

flow field extraction. we describe the cetails of surface
estimation in Section 4. and disciuss the experimental
Figure 1. Strip approximatmn of a dc, . kgk..bl, mil-fa,
results in Section 5. Ssction & conclud, the pdprr

2_ Problem Modelino

The shape of a smoothly rolled document page can

b= modeled lav a develogable surface A developable
surface can be mapped Laom=tncally onto a Euclidean
plan=, or in plain English, can b= unrolled onto a2 plane
aithout tearino or stretchino. This oreem iz called develooment.
Davelopeent do=s not change the intrinsic

propgerties of the surface =such as curve Tength or angle
formed by curves.

Fulings play a wery important role in defiming developabl=surfaces.
Throwsh anv point on the surface

ther= is on= and only on= ruling, =xc=pt for the cegen=rated
cas= of a plane. &ny two rulings do not interssct

mxcmpt Ffor conic vertices. A11 pu'inb.' wang a ru'l'l'nq
share a cormmon tangent plane. It is w=11 known in
alementary differantial oeometrv that oiven sufficient
differentiability a developable surface 15 =ither a plan=,
a cylinder, a con=, the collection of the tangents of a
Curve in space, or a composition of these type,. On a
cylindrical surface, a1l rulings are parallel; on a conmic
surface. a rulimos intersect_at theo conic wertex: for the
tangent surface case, the rulings are the ungent Tines

of the underlying space curve; only in the planar CaA-Me
tue raling not unigeely defined.
The fact that all points along 2 ruling of a developable
surface share a common truagent plane to the
surface leads to the result that the surface 15 the snvelope
of a one-parameter family of planes, which are its
tangent planes. Thersfore a developable surface can b=
piece=yise approximated by planar strips that belong to
the Family of tangent plames {Fig. 1_‘:1. Although this =a
onlv_a first order asoroximation. it is sufficient for owr
application. The group of planar strips can be fully described
by a s=t of reference points i].1 along a curee
on the surface, and the surface nurﬂa'l.. 148, at these=
points.
Supgase that for evervy ooint on 2 develooable surface

we zelect a tangent wector; we say that the tangent,

are parallel with respect to the und=rlvnig surface

11



/Beispiel D

Mach mit!

Die neue groRe
Sportspass-Aktion!

Fiir Erwachsene
Stepp-Aerobic - Body-Shape - Rilcken-Fit
Préventivsport: Herzsport - Seniorensport
Basketball - Handball - Tischtennis - Volleyball

Fir Schiler/innen
Akrobatik {ab 6 J,) - Ballett (ab 6 J.)
Kindertanz (ab 6 J.)- Street-Dance (ab 9 J.)
Basketball (ab 9.} - Handball (ab 6 J.)
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Fir Kids
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Ballett (ab4J.) - Kindertanz (ab 4 J.)

HC Steglitze.V.
Info-Telefon: 791 10 17
www,hesteglitz.de

Beispiel D
12



/Beispiel D

Mach mit!

Die neue grol3e
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1-IC steglitz a V.
InfosTelefon: 791 10 17
www , hcsteglitz. de

Mach mitI

Die neue groI3c

sportspass-aktioiil
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ABSTRACT

A method 1s presented for the fronto-parallel recovery of text doc-
uments n images of real scenes. [mitially an extension of the stan-
dard 2D projection profile, commonly uscd in document recogni-
tion, is introduced 1o locate the honzontal vamishing pomt of the
text plane. This allows us to segment the hines of text, which are
then analysed to reveal the style of justification of the paragraphs.
The change in line spacings exhibited due to perspective 1s then used
to recover the vertical vanishing point of the document. We do not
assume any knowledge of the focal length of the camera. Finally,
a fronto-parallel view 1s recovered, suitable for OCR or other high-
level recogmtion. We provide results demonstrating the algonthm's
performance on documents over a wide range of onentations

1. INTRODUCTION

Optical character recognition (OCR) is a long-standing area
of computer vision which in gencral deals with the problem
of ising text in sk d fi -parallel im-
ages. In preparation to apply OCR to text from images of real
scenes. a fronto-parallel view of a segmented region of text
must be produced. This is the issue considered in this paper.
The extraction of oriented documents from camera images
is a new challenge in document processing, made possible
by high resolution digital cameras, as well as recent devel-
opments and demands in the multimedia environment. There
has been little research into the recognition of text in real
scenes in which the text is oriented relative to the camera.
P g and comp for such skew has
applications in replacing the document scanner with a point-
and-click camera to facilitate non-contact text capture, as-
sisung the disabled and/or visually impaired, wearable com-
puting tasks requiring knowledge of local text, and general
automated tasks requiring the ability to read where it is not
possible to use a scanner.

Previous work in estimating the onientation of planar surfaces
in still images varies in the assumptions made to achieve this,
Ribeiro and Hancock [1] and Crimunisi and Zisserman 2]
both presented methods which used the distortion of repet-
itive planar texture to estimate the vanishing points of the
plane. Affine transformations in power spectra were found
along straight lines in [1), and correlation measures were

Beispiel E

used in [2] to determine first the orientation of the vanish-
ing line and then its positon. Although text has repetitive
elements (characters and lines) these elements do not match
each other exactly, and sometimes may cover only a small
area of the image. Rother [3] attempted 10 find orthogonal
lines in architectural environments, which were assessed rel-
ative to the camera geometry. Munno and Forest [4] used
2 3D Hough transform to estimate the onentation of planar
shapes with known rectilinear features. Gool et al. {5] and
Yip (6] both found the skewed symmetry of 2D shapes which
have an axis of symmetry in the plane, allowing for atfine
recovery. We require recovery from perspectye transforma-
tion, and as with these larter works we will use a pnon in-
formation about the 2D shape we are observing, Other than
our recent work in (7], the only other work known to the au-
thors on perspective recovery of text is [8]. The author seeks
visual clues in the image which correspond to honzontal and
vertical features on the document plane. Unfortunately, the
vertical vanishing pomnts of the text plane cannot be robustly
estimated when only one vertical clue is present. Examples
of this situation are when the document is single-column and
when parugraphs are not fully justified.

Knowledge of the principal vanishing ponts of the plane on
which text lies is sufficient to recover a fronto-paralle] view.
We observe that in a paragraph which 1s oriented relative to
the camera, the lines of text all point towards the horizontal
vanishing point of the text plane in the image. Also, para-
graphs often exhibit some form of justification, either with
straight margins on the left and/or right, or if the text is cen-
tred, a central vertical line around which the text is aligned.
In such cases these vertical lines point towards the vertical
vanishing point of the text plane. We have therefore con-
centrated our work on the recovery of paragraphs with three
lines of text or more, with the reasonable assumption that at
least some justification exists (left. right, centred or full).

To avoid the problems associated with bottom-up grouping
of elements into a paragraph model, in this work we ensure

the use of all of the global information about the paragraph

at one time, The prnciple of 2D projection profiles are ex-

tended 1o the problem of locating the horizontal vanishing

point by maximising the separation of the lines i the para-

graph. The segmented lines of text are then analysed to reveal

the style of j or alj of the h. De-

14



/Beispiel E

of acTvs 2002 (Advanced Concepts for Intel1ligent Wision Systenut Chent, B=tztunt Septemher 9.4 4, 200
ON THE REOOWERY OF ORIENTED DOCUMENTES FROM SINCLE IMACES

Paul Clark and Majid Wi rmehdi

{pclarkimaiidlcs. briseac . uk

Department of Computer Science, Umiverity of Eristol, Bristo] BSS I LB, L%.
AEETRACT

& method is oresented for the frento-paratle]l recovery of text doc-
uments inm images of real scenc-s. Imt'la.'l'lv an =xtension of the stan-
dint 20 projection profile, commonly used in document recogni-
tion, 15 introduced to locate the horizontal vanishing point of the
text plane. This alloms ws to segment the Tines of text, which arc
then analvsed to reveal the stvle of justification of the paracrachs.
The change in Tin= spacings e=xhibited de= to perspective is then used
to recover the vertical waruzhing point of the document. We do not
azsume amy knowledge of the focal Tength of the camera. Fimally,

a fronto-parallel wiem is recoversd, suitable= for OCR or other high-
level reccanition. we orovide resylts Cemonstrating the aloconthe s
performance on docunents over a wide range of orientations.

I. INTRODUCTION

optical character recopition {OCR} is a Tomg-standing area

aof computer wision which in general deals with the pr\uh'ltn

of recoonising text in skew-comoensated fromto-paralles] im—

ages. In pregaration to app'lv OCR to text from 1|1a.ql:=- of real
scenes, & fronto-paralle]l view of a s=omented region of text
mus-t h-= produced. This s the issue considered in this paper.

The =xtraction of oriented documents from camera iTages

iz a mew challenoe= in document Drocessing. made oossible

by high resolution cigital cameras, as well as recent devel-
opments and demands in the multimedia environnent. There

has been Tittle research intoc tho recognition of te=xt im real
scenes in which the text is oriented relative to the camera.
Frocessino and compensating for such oersoective skew has
applications in replacing the document scamner with a2 point-
and-click cam=ra to facilitate non-contact te=xt capture=, as-
sisting the disabled and/or wiswally impaired, wearable conm-
puting tasks re-guiring knowledoge of Tocal text, and general
automated tasks reowiring the ability to read whers it is not
possible to use a scanner.

Prm.-'luu: wurk in e5t1la.t'|nq the orientation of planar surfaces

in s5t117 images varies in the assunptions made to achiewe this.
Ribeiro and Hancock [1] amd Crimimisi and Ztsserman [2]

both presented methods which v.sed the distortion of repet-

itive planar texture to sstimate the vanizshing points of the
plan=. Atl+ine transformations in power spectra were found

along straight Tines in [ I 1. and correlation measures were

used in [2] to determine First the orientation of the vanish-

inz lin= and then its position. Althouoh text has repstitive
elements {characters and lines} these elements do not match

each other exactly. and sometimes may cover only a mall

area of the image. Rother [3] attespt=d to Find orthogonal

Times in architectural =nvironments, which were assesse=d rel-
ative to the camera oeometry. Munno and Foresti 4] used

a 30 Howgh transform to =stimat= the onentation of planar

shag=s with known rectilinear features. Sool =t al. [5] and

¥ip [B] both found the skewsd symmetry of 20 shapes which

have an axis of symmetry in the plane, allowing for atline=
recavery. We reowire recovery from persocective transforma-

tion, and 33 with these Tatter works we will ws= a priori din-
fnrnnt1un about the 20 shap= we are chsenang. Other thast

our recent work in [7], the only other work Eriowsn to the as-
thors on p=r spt- -ctiwe recovery of text iz [B]. The author sesks
visual cluees +in the image which correspond to honzontal and
vertical features on the document plane. Unfortunately, the
vertical vanishing points of the text plane cannot be robustly
estunated when only one vertical cluee is present. Examples

af this situation are N5, h=n the document s single-tolusn and
when paracrachs are not fullv fustified.

inowledoe of the orincioal vanishino ooints of the olane an

which t=xt Ties iz sufficient to recover a Fronto-paralle]l views.

we obszent that in a paragraph which is ocriented relative to

the cam=ra, the= Tines of text all point towards the horizomtal
vanishing point of the text plane in the itnage. Alsoc, para-
grashs often exhibit some= form of Jjustification. =ither with
stniight margins on the 1efi andior right, or if the text iz cen—
tred, a central vertical Tine arcund which the text iz aligned.

In su:h mazes these vertical Tines poimt towwards the vertical
vanishing point of the text plane. wWe have thers=fore com-
centrated our work on the recoverv of paraorachz with tlute

Tines of text or more, with the reasonable aszumption that at
T=ast sone '|u.-.'t1ﬁ|:a.t1n|1 exizts {l=ft, right, centred or full].

To avoid the problems associated with bottom-up grouping

of & lem=nts into a paragaph model, in this work we =nsure

the use of all of the olobal information about the oarawach

at one time, The pnnciple of 20 projection profiles are ex-—

t=nded to thl: problem of Tocating the horizontal vanishing

point by maximising the separation of the Tines in the para-
gragh, The segeented Tines of text are then amalysed to reveal
tliz stvle of justification or alionment of the caracrach. De-
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AESTRACT

A rnethnd 1.1 presented for the fromto-paralle]l recoserv of text doc-
uments im 1la.qe=- of real scenes Imitially an extension of the stan-
dard 20 projection profile. commonly used in document meat:m-
um. Is introduced to locate the honzontal vanishing point of the
text plame This allows us to s=oment the lin=. of text. which are
then analysed to res=al the style of justificanon of the paragraphs
The change in Tin= spacings exhibited deu= to perspectiwve is then used
o recover the sortical wanishing point °,if the docum=nt. g'= do not
azcume amy knowledge of the focal Tength of the camera. Finally,
a fronto-puallel wiew iz recovered. zuitable for OCR or other high-
Teve]l recogution. We pro, ide results demonstrating the algonthe™ =
p=normance on documents owver a wide range of oco=ntations

1. I NTRDDUCTION

optical character r:n:nr.m'it'iun (OCR) iz 2 long-standing ar=a

of computer vision which in oeneral deals w ith the problen

of recogmising text in skew-compensated fronto- pira.'l'l:'l im-
ages. In preparation to apply OCR to text front images of real
scenes, & fronto-parallz] view of a s=on=nte=d region of te=xt
must be prodeced. This iz the issu= consider=d in this paper
The extraction of onented documents from ciunera imaoes

iz a mew challemge in document processing, made pnsml:'ll:

by high resolution digital cameras.. well as recent =" &]1-
opments and demands in the rlult'irnedia. environment . “Thers

has besn Tittle ressarch into the recognition of te=xt in real
zcemes im which the text is oriented relative to the catnera.
Processimg and compenzating FOr such perspective skew has
applications in replacing the document scanner with a2 point-
and-click cam=ra to facilitate nom-contact text capture=, as-
s-i:-t'inq the di:ah'lzd anticr visually impaired, wearable com-
outino tasks reowiring know Tedoe of Tocal text. and a=neral
automated t.ks requiring the abality to read where 1t 15 not
possible to use a scanner.

Frevious wark im es-t'ila.t'inq the ocrientation of planar surfaces
in 5ti11 images varis=s in the a:.surlpt.'lnns made to achi=ve this.
Ribeiro and Flamcock III and Crirmnisi and Zissennan [21

both presented methods which wused the distortion of repe-

nts = planar texture to =stimate= the vanmishing points of the
plan=. Aflime transformations in power spectra wers Fowund

along straight Tines in [I], and correlation measures wers
used_in 21 to determine first the orientation of the vanpish-
ing litte and them its |:u:|:1tr n. .Although text has rep=titi®E =
elements {characters and Tins{ these =lem=nts do not math

¢ mich other exactly. and zom=tinm 5 may cover onlriy o2 msmall
area of the image. Rother [3] attespted to find orthogonal

lines in architectural environments. which were assessed rel-
ative to the camera geometry. Munno and For=st' [41 wsed

a 30 Hough transform to =stimate the ori=ntation of planar
shages with known rectilinear features. Cool =t al. [5] and

¥ip [B] both found the skewsd symmetry of 20 shap. .= w

have an acis of swvmmetrv in the plane. allowino tor atfine
recover, We require recovery from perspective transtbnna-

tion, and as with these Tatter work.s we will use a priori in-
fonmation about the 20 shape we= are ob=erv ing.. Other than

our recemt work in [7], the only other work kmown to the au-
thors_on_perspective recovery of text is [Bl. The author sesk_
visual cle=s in the imac= which correspond to horizontal and
vertical features on the document plane. Unfortunately, the
vertical vanishing points of the text plane not be robustly
estimated when only one _ertical clue is present. Examples

aof this situation are when_the document is sinole-column and
when paragraphs are not fully justified

I‘.nm'ludqz af the principal vamishing points of the plan= on
hich lest Ties iz sufficient to recover a fromto-parallel Sicss
We gbserve that in 2 paragraph which is ori=nted relative to
the came=ra, the Tines of text all point towards the horizantal
vzn'i:-l"in...Z paimt of the text plane in the image. Alzo, para-
graghs often =xhibit som= form of justification, =ither with
straicht marcins on the Tett andior right. or Tithes text is cen-
tred, a central wertical Tine arcund which the text is alien=d.
In :u:h mases these vertical Tines point tovvards the vertical
vamishing point of the text plane. wWe have ther=for= con-
centrated our work on the recovery of paragraphs with tiuote
lines of text or more. with the reasonable assumption that at
T=azt some justification exists {l=ft, right, centred or full].
To avoid the problems asszociated with bottom-uwp orouping

of alem=nts into a paragaph model, in this work we snsore

the use of all of the global information about the parawaph

at ane time. The onncinl=_of 20 prodjection orofiles are ex-
tended to the problem of locating the horizontal vanishing
point Ay maximising the separation of the Tine=s in the para-
grapgh, The seqmented lines of text are then amalyssd to reveal
tlie style of justification or alignment of the paragraph. De-
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VP Angular
error  error
HVP using projection profiles 0129 25
VVP using margin intersection 00785 208°
VVP using line spacings 0133 330°
VVP using margin ntersection 23 245

on left justified paragraphs

Table 2: Average error for the various methods over 10” ¢

80” in yaw and pitch.

performance 1s poor due to the paragraph’s jagged edge, as
can be seen in Figure §(b). Finally, Figure 8(c) shows the ac-
curacy when the line spacings are empioyed oa lefl-justified
paragraphs. This method provides good results comparable
1o the first for all of the simulated images except those doc-
uments oriented beyond 80 in pitch, where the algonthm
begins to fal. As with the horizontal vanishing point e Sec-
tion 3, this may be explained by the onentation of the docu-
ment becoming nearly perpendicular to the image plane. At
such an extreme tilt, even if the lines of text are separated
correctly, their proximity in the tmage means there 1s hitle
accuracy in position and spacing for the curve fiting. In
real world images, documents at such extreme angles cannot
practically be read or used by OCR once recovered. hence
this failure does not concemn us. The advantage of the line
spacings method is that it provides consistent results for paru-
graphs which are not fully justified.
The results for these experiments, and the location of the hor-
1zontal vanishing point in Section 3, are shown numenically
in Table 2. The vanishing point (VP) ervor is calculated as the
relative distance of the vanishing point from its ground truth,
as described in Section 3. The angular error is denved from
the final d of the hy land verucal
vectors of the text plane. It can be seen that the accuracy of
location of the vertical vanishing point in reasonable for both
the margin intersection and the hine spacings method. As the
last row of Table 2 shows, intersecting margins is not suitable
for documents with jagged edges.
Having found the vanishing points of the plane, we may project
two lines from each to describe the Icft and right margins
and the top and bottom limits of the paragraph. These lines
are intersected to form a quadrilateral encloving the text, as
shown 1 Figure 6. This quadnilateral 15 then used to recover
a fronto-parallel viewpoint of the paragraph of text.
The recovered page for the running example may be seen in
Figure 9, alongside the second example intoduced carher,
Further examples i Figure 10 show the recovery of different
styles of paragraphs with left justified and centrally aligned
text. Figure 10() shows the recovery of a segmented re-
gion of a book cover. Despite text of different sizes, and
other image noise such as the speculanity, the document is

Beispiel F
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Figure 9- Fronio-parallel recus ery of example documents m

Figure 6.

recovered robustly. Figure 10(b) shows a centrally justiied
paragraph which has been recovered at high resolution and
1s ensily readable In Figure 10{c) a left justified document
was comeclly ientified and recovered, despite occiusion of
part of the paragruph When we applied commercial OCR
software to the image in Figure 9(b). 87%5 of the characten
and 94% of the words were recognised correctly.

6. DISCUNNON

We have presented a novel approach t the lronto-paratiel
recovery of a wide range ul Jocuments under penpective
transformation m a single image. without knowledge of the
focal length of the camera. Projectivn protiles trom hyputh-
esised vamshing points are used 1o robusty recover the hor-
1zontal vanishing point of the text plane, and to segment the
paragraph mto its constituent hines. Line fitting on the mar-
yins and central hine of the document 15 then applied to de-
duce the style of justification of the paragraphs. To esumate
the verncal vanishing point, for fully justified paragraphs the
mangnn lines are mtensected. For other styles of documents,
the observed difference 1n the spacings of the lines of text
are used 10 retneve the ult of the text plane, and hence the
vertical vamishing point. Using the two principal vamshing
pomts we find the onentation of the text plane and recover
afi llel view. The al performs well for a
wide range of p phs. provided each has at
least three lines. or 1s fully jusufied. An optismisation algo-
nthm for the search for the honzontal vanishing pomnt was
presented. In total the process takes around 10 seconds w0
recover a document. demonstrating its potential and applica-
bility to realtime systems, as well as its suitability for normal
scanning tasks.
Whilst the described method 1s suntable for documents or sin-
gle paragraphs, due 10 the use of margins or line spacing to
recover the vertical vanishing point. there must be at least
two lines present for fully justified paragraphs, and at least
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K¥F using projection profiles
wWe using margin inTersecTion
wer using 11me spacings

WP using margin inTerseCTion
an TeTT JUSTITied [aragraphe
wE

=rroe
0.13%

00785

=13

Table 2: swerage error for The vicious methods ower 10w IT

0" in yaw and p‘l'n:h

performance 15 mnr To The Daraarach’'s laooed ados. as

cm b seen in 51 nur! Sl:b:l Finally, Figure 11(c) shows the ac-
racy when the 1ine snacines are emolowed on lefr-austified

p.'l.'1.|:|=|:|h: Tiis mathod provides good results comparable

o the Tirsc for a1l of o sirulaced irdces exceor Those doc-

umenTs onenmed bayond 80" iR pitch, whare the algomthin

bagins o fail. As with The horizonmal Fwishing point Ta Soa
won 3. this mav be @xnlaimed bv the crantation of the docu-
menT becowing m:l.r'ly perpencicular To The image planre. M

Euch an ewcrams TiTt. ewven 1 the Times of text are senaraced
oorractly, Thedr proxirroity in The Iraga means Thare 5 brat
accwracy in oosdition and scacino for The cunt fTTing. In

raal world images, DOCUMENTS AT SUCH exTrerd angles cannat
oracticallv be raad or used by OCR once racoversd. hence

s Tallure doss rlm: D\:I"-Dern us. The advantage of The Tine
soacing. s meThodis orovides consisTent results for oara-
@&phs which are not 'I‘u11:..' Justifed.

The rasults Tor these exoeriments. and the location of the hor-
1zontal vanisfing point im section 3, are shown Rometical 1y

im Table Z. The vanishing point (wrl error 15 caloulated as The
ralative distance of the wamishing point from 1t ground Truch,
ak cescribed 1n section 3. The anoular error 15 derived Trom
he Tinal dm:\erlﬂnm‘l arientation -u1' The honzontal and vercical
wactors of The Taxt Nlane. IT can be saen that the accuracy of
location of The wertical wanishing point in reasorable Tor both

The maroin inoersection and the 1ine scacinos A5 The
laar row of Table 2 shows, 1nmrs=|:|.—|m. margins is noT MI 1mable
Tior doc

urents with lapoed edo
Having Tound The v:n1:h1nu pmn'r.: of the plane, we My project
Tl 11nns from gach o describe the Tefc and rignt maroins
and The Top and bottow 1imiTs of the paragraph. Thase Tines
arg 1n1:nr9e|.'m:! o form & cuadrilaceral enclasing The TEXT. &.5
shown 10 Flgure E. TH1s guadrilameral 15 then used o recover
& 'I"'M\n:nar.aﬂ-; wiga-noinT of the naracrach of Text.

page for ohe running exampla way be seen in

Flowra 3. .ah:rﬂ:ma the second ex:amole intsoducad
curther examples in Figure 10 show the racovery of of ffarenc
sTvlas of naraorachs with 1el duscified and I:Errl:ra'l'lv 1:|:1:|"|:d
Text. Figure 1D{a) sh.ows Tha rnmry of a

aion of a hock Ccover. DREOiTE TRt of mﬂ'nrnm: 'n'r.us =r|:|
oTher image moise such ac The SDI:I:J'IH.I"I:&. the dooment 15
araular

rror

11

3.303

I4r

recovered robusTlv. Flaure 1 O7b) shorres a cencrall:r u:ﬂmﬂ
paragraph wWhich 1:: been recovered at Kigh reviluTion a

1% easilv readable In Flowre Tet a Teft dustitiad ﬂ:\r_l.mn

WS COFFRCT1Y Ident 1"1'2:d and rm:m'\er\e d, des- |:|11t “coid Limon of

marT of the oaracragh when we anolied commar

sofoware ©o The irage in 1"|:ur¢ 9(b). 5711’ n u'l' 1:he chracoera

and B1c of The vo ords .dogrc rFecoonhetT] cadrrecTiv.

6. DI¥. I i)

EairT presented 3 nRT acorcatih The "zonda-narallel

recovary. of a wide ransTe T1T doCumenTs under perspactive

—ﬁrs'l'uma'l:mn m 3 sindle imoe. without knols Tedos of the

Tocal Tengoh of the camera. Projection prattles Trom hypoch-

erisad samishing soince are used o robestly recower tha har-

1zontal varrishing poinc of The Text plane, 1uid To segment The

oaragrapgh inco its @imsTiruent Tines. Ling TTring on the mar-

@ine and cenctral Tine olcie document 15 Than :.nga! ™ de-

iduce The sTvle of Justificaticn of The caragranhs. To @sTimaTs

T vartical wanishing point, for fully :Iu:1:11‘1a‘.| paragraphs tha

rotn Tines are inTersected. For oTher sTvles of CoCLments

iThe obsened d'l'l‘fmm:! in tha spacings n'l' 'l:he 11m:: nrl' 1:u1:

are used To retries @ The Tilt of The Da e Tha
wartical vamishing pu1m: LUsing The Deo pr'|m:1p.a1 w.|11:h1nq

ooints we fnd_the onentation of The Teaxt plane and racover

a Tronto-parallel view. The =.1nur11:rr| parfoms well 'I'Br a

'widk ranoe of caraorachs. orovided each paraorach has a

TeasT Three Times, or 16 fully Jjustified. an -nnﬂrrls:.ﬂnﬂ algar-

rithe for The search for The horizontal vanishing 6oINT was

presented. In ToTal The procass takes arcund 10 seconds TO

TCCOVEr a docwnant. demonsTrating 1T potantial and anoldca-

b‘l'hnr m rmﬂ"n systens, as w11 as s suitaddlizy Tor normal

urn1s'r. The duu:rlbau meThod 15 suitable for documents or sin-
dle raragrachc. due o TR L= of margins or Tine seacing Ta
recover The wertical vamishing poinc. There mUST be aT 1asT
o Tines TS for fully Justifed carao.ranhs. and ac 1e=sT
Fpore §: FronTo-parallel rem erv of roeple dactunel

Flowre B
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1gs of acTvs 2002 {afvanced concegts 1'or Imelligent nuon
anoular .

[

ra ]

ZEG-

11\-:. using

P Us1 oratection orofles 0,129
wrror

WWE Rl moult” AInTersection

using 11ne spacings

e using margin inTersecTion
on Tefz tustifed naraaraohe

Table 2: sraocs arror Tor ohe various methods over 10 o

in vaw and oitch.

performance 15 poor due TO The paragraph’'s Japgged eoge, as

Can be seen in Floure (D). Finallv. Ficure 110C) shows The ac—
curacy when the 1ine :pdrqs are eaployed on lefr-austifiad
paraganhs. TEis mexhod orovides 0ood results comoarable

o the frec for a1l of the sivulaced imges exwoepr Those doc-
wments onented bavond 83" dm mitch. where the aloomthen

b-arms o Fail. Az with The horizoncal fwishina oodnT Ta Sae—
won 3, this may ba. explaimed by the orentacian of Tha docu-
menT bacoming mearlv neroendicular o The un- ox @ d'u-
such an excreme TilT, @ven 1T the 1imes of Text jar 21 cal oid
corractly, Their croximiTe in The Ureos means Them IF. INE.le
in pns'l'r.h:n and spacing Tor the curve fiTring In
real world imaces. documents TIT Such extreme .males Cannat
practically be read or used Iwuu == rm:wzrﬁ:l Fance
s failure does noT comcern The advantaoe of the 11ne
5 maThod 15 ThAT 1T pmﬂuu CONGETSTENT resuliTs for para-
arachs which are pot fullv justified.
e FesUTTE Tor These periments, and The 1m:a1.-|cn nrl' 'uw har-
d1zcntal vamissing point im section 3. are Shown v
n Table 2. The vanishing point (we) error ic l::h:l.l'lauu -
relative distance of The warnshing DoiRT TioW 1Te around Troch.
s described in Section 3 The angular errer 15 danvad Trom
thr Tinal -:m:\ermrmu anentaton of the honiontal and warcical
werIofs Of Tfe TeNT plane. IT can he seen That The accuracy of
location of he wertical wamizhing moinT in reasomakble for both
he Fargin inmersection arid the 1ine spacings method. A5 The
lasT row of Table 2 chows. INTeFseCTing saroing 15 AoT :u11:2u1n
for documents with Jagged coges
Having found The wanishina EoinTs (CiThe Elane. we inad orofect
mec Tines fronT each wo describe the left and right rarin
tha ard boroom Tiemits of the maras.trach 1 kasa Tineo
are inTersecmed o form 2 ouadrilaceral enclasing The TENT ao
shown in Floure E. This u.nﬂ"ﬂ:l:nr.ﬂ 15 Then used o FROTWRT
a Tronzo-paralisl pr\:rln'l: The paragraph of Teat.
The recovered caoe for The running @ AFle My be sean in
1"|:|:r % alomgside The second example inTicduced sariier
Furthar examnles in Floure 10 show the recovery of cifferenc
sryles of paragraphs with Tel justified and cencrally 1:|:1:|"|:|:|
Texr. Floure 10Ma) sh.ows The recovery of i Seomanmed re—
@icn of a Mook COVRT. DREpATR Text of different Titzes, and
other 1maoe moise Such ac The sncoularitTv. the doosmant 15
recovered romustlv Floure LMBY Shows 2 cantrallv- cas:died
paragraph wirich has been rovered o Fipgh resoluta.” and
oz @asilv readakle rn Floure Lot @ Jen JusTiTid.xl documenT
Wi CoFFRCCly ddentified and rroosereli despioe oociusion of
part of the aragraph. 14 hen we aocclad comsercial (xR
sofTware T0 THe image in FIL..we STh), =7'. 01 me mm.-_ur:
and B0 . of the woe wore recoaibel correcTls
5. DISCUSSION
we Fave nresenmed 3 nove] aEoroach o The Tromco-tarallel
rRCoVRrY of @ . 1|‘ln range of OOCLMENTS Under perspective
cranaformacion in @ sindls ima0e. without knowledes of the
fomal Tengoh of The camera. projectiom profiles from hypoch-
erisad vamishing poIncE are used TO robLsTlv Teco.er The har—
izental vamishing point oldie text plame. andre semant the
paraoranh ino 113 CONSCITLenT IMes. Limk TiNina om The mar-
@ins and cencral Tine of The docuwent 15 Then applisd o de-
duce the stvle of JusTifcarion or The caraoranhs. TO @STEUTE
whe wertical wamishing point, for wully Justif™ed paragraphs The
maroin Tines are intersested. For ocher STSle.S OC documencs
ha obser, &d cHftarence 1 tha Lpachg.s OF The 11mes of Tewr

are used To rernese the T11T of The TexT plane. and hance The
werTical \-an-l.urnnn poinc. using The Dem pnneipal wanishing
myints we Timd the onenuricn of the Text plane amd 'TSIII\.EF

& Tronzo-paralle] wios. The algonohm pertowic well

wride ranoe f.1if paraorachs. crovided sach paraarach has

fleast Three Tines_ of 15 Tully jusTilicx]_ an Wﬂm:aﬂun alge-
jrithm for The search for The horizomcal '\ﬁn1:h1n\:| eoinT h
prazented. Im TOTAl he Qrocess Takes arcund SeConds

recower a doCumentT demansTrating 1TE wm.n'l:1=1 and :.nn11|:=-
arf o tealtime sysoems, as well ags its suicabildicy for noeeal

scanning Tasks.

W IST The deccribed mechod 1S suitadle for documents oF Sin-
alé paragranhs. due 10 ohe wse of maroins or 1ine soacing ©o
recover The werTical vamishing point, There Mast BY AT jesa CiT
e Tines present Tor Tully jusTif™ed paragraphs. and . at T wad
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Usage of continuous skeletal image representation for document images de-
warping.

Anton Masalovitch, Lconid Mestetskiy
Moscow State University, Moscow, Russia
anton m@abh .com | mest@@ru.net

Abstract

In this paper application of continuous skeletal
image representation 10 documents' image de-warping
is described. A novel technique is presented that
allows to approximatc dcformation of interiinear
spaces of image based on clements of image s skeleton
that lie between the ftext lines. A method for
approximation of whole image deformation as

bination of single interlinear spaces de i
is proposed and representation of it in the form of 2-
dimensional cubic Bezier paich is suggested
Experimental results for batch of deformed document
images are given that compare recognition quality of
images before and aficr de-warping process. These
results prove cfficiency of the proposed algorithm.

1. Introduction

All the modern OCR systems assume that text lines
in a document are strarght and horizontal while in real
images they arc not. Image can be deformed before
recognition in various ways. For example, if 2 thick
book is scanned, text lines on the scan may be wrapped
near the spine of book. If a digital camera is used to
retrieve the image instead of a scanner, the text hines
may be still wrapped because of Jow-quality optics of
digital cameras. One important example of such
deformation 1s the rounding of an image on borders as
result of barrel distortion. Morcover, several types of
deformation could be applied to the same image,
making it impossible to build & precise model of ymage
deformation This is how the task of image de-warping
appears.

The approach proposed in this paper 1s based on the
construction of outer skeletons of text images. The
main idea of the proposed algonthm is based on the
fact that 1t is easy to mark up long continuous branches.
that define interlincar spaces of the document in outer
skeletons. We approximate such branches by cubic
Bezier curves to find a specific deformation model of

Beispiel G

each interlinear space of the document. On the basts of
a set of such interlincar spaces approximations. the
whole approximation of the document 1s built in the
form of a 2-dimensional cubic Bezier patch. After all
this work is completed, we can de-warp an image
using obtained approximation of image deformation.

This work is an extension of the article [1]. In this
paper new method of automatic search for interlinear
branches of skeleton is descnibed. Also ieration
method of image deformation  approximauon
adjustment is given.

To test our algorithm we compare recognition
results for a batch of images before and afier the de-

warping process.
2. Existing solutions

Algorithm of automatic image de-warping is needed
nowadays for automatic OCR systems. Plenty of
for image d P
appeared in the last several years (see for example {7-
11]). Unfortunately, most of these algonthms have
some disadvantages that make them unusable for

commercial OCR systems.
Existing solutions can be divided to three
approaches:

First approach is to single out text lines by
combining close black objects and then approximating
cach line shape using some charactenistic points of
line's black objects. For example, one can approximate
text lines’ shape by using middle points of black
objects’ bounding rectangles. Main disadvantage of
this approach is that it is hard to define such
charactenstic points of black objects that can give a
stuble approximation of line shape.

Second approach is to build a model of
possible deformation of an image and then try to apply
this model for a specific image. Main disadvantage of
this method is that it is almost impossible to build a
complete model of image deformation. And if such a
model describes only one type of deformation, one
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In this pap=r application of nuntmuuu:- skel=tal

1la.q-= representation to |:||:||:u|1:|11::- image de-warping
is_described. A novel techniowe iz oresented that
allows to anpruxmibe g=formation of 1nt-er'l1n=a.r
space=z of image baszed on el=nents of image's _skelaton
that 1i= betwsan the text Tines. & method =for
approximation of whole image deformation as
combimation of =inole interlinear soaces deformations
iz proposed and representation of it in the form of 2-
dimensiomal cubic Eaier patch iz Esuqgested.
Experim=ntal results for batch of deformed document
images are given that compare recogmition gudity of
images before and after de-warpino process. These
results prove sFfficiency of the proposed algorithm.

I. Introduction

&11 the modern DCR systems assume that text Tinas

in a docum=nt are straight amd horizontal while in real
imag=s thev ar= not. Imaoe can be deformed before
remqmt'lnn in wariocus w-ays. For scample, if a thick
book iz scanned, text Tines on the scan may boc wrapped
n=ar the sginps |:IF book. If a digital camera is used to
retrieve the ipage inste=ad of a scamn=r, the text Tin=s
mav be_still wranoed becauss of low-gualitv optics of
digital cameras. One= important Exanp'le of =uch
deformation iz the rounding of an image on borders as
result of bare! distortion. Morsover, several tyvpes of
deformation could be applied to the sane image,

makino it impossible to build a precize model of imaos=
deformation This is how the task of image de-warping
appears.

Tht approach proposed in this paper iz bkased on the
constrniction of outer skeletons of text -images. The
main idea of the orooosed aloorithm is based on the
fact that it s sasy to mark v Jong continuows branches
that define interlinear spaces of the document in outer
skel=tons. We approximate= such branches by cubic
Bmzimr curves to find a specific deformation model of
each interlipear soace of the document On the basisz of
a s=t of such interlinear spaces’ ap:lrl:-xma.tﬂ:-'l 5, the
whol= approximation of the document is built in th-e
form of a Z-cimensional cubdc Bezier patch. Afte=r all
this work i3 completed, we can de-warp an imaoe

using obtained aporowimation of imape deformation.

This work 13 an extension of the article [I]. In this
paper nes method of automatic search for interlinear
branches of skeleton is described. also iteration
method of image deformation approximation

adiustment is oiven.

To test pur aloorithm we compare recoonition

results for a batch of images before arid atler the d=-
_WArping process.

-2. Existing solutions

"algorithn of automatic image de-warping is nesded
‘nowadavs for automatic OCR svstems. Flentv of
alganthrns for image deformation approximation
a.npear:d in the last several years (s== for =xampl= [7-
H]). Unfortunately. most of these algorithms have

some disacvantages that mak= then unusable for
commercial OO svstems

Exizting solutions can ‘be divided to thn.me
approaches;

First approach iz to single out text Tines by
comaiming clos= black chiects and then approximating
zach 1ine shaoe= usimg some characteristic coints of
Tine"s black objects. For example, on= can approximate
text Tines® shape by using middle points of black
gbjects” hounding rectangles. Main disadvantage of
this approach is that it is hard o d=fin= such
characteristic points of black obi=cts that can oive a
ztable approximation of Tine shaps.

Second approach iz to build a mode]l of

possible ceformation of an image and then try to aoply
this mo-del for a =-pel:1'f'i|: image. Main disadvantage of
this_methed is that it is almost impossible to build a
complete mode]l of image defonnation. And if swuch a
mode] describes only one type of deformation, one
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antnn militahhci ¥cam, Imectta ru net

abstract

¥ this paper application of continuous skektal

Image representation to documents® intage de-marping
is_described. A novel techniowe ix orewnted that
allows to anpruxm:be c=formation of 1ntcrl1n=a.r
spaces of image based on elements of image's skeleton
that Tie= betwesn the text Tines_ & method .for
approximation of whole image deformation as
combimation of sinole interlimear soaces defamations

is proposed and representation of it in the _form of 2-
dime=nsional cubic Sezier patch is suggested.
Expe=rim=ntal results _for batch of deformed document
'ila.qe:- are given that conzpars rb:uqn'it'l'un quality of
images before and after de-waroing process. These
results prove =afficiency of the proposzed algorithm.

I. Introdwction

&11 the modern OCF systems assume that text Tine=s

in a document are straight and horizontal while in real
images thev are not. Imaoe can be deformed before
recognition in various ways. For example, if 2 thick
book iz scanned, text 1ines om the scan may be wrapped
n=ar the spinps |:IF boaok. IF a digital camera is used to
retrieve the image inste=ad of a scanner, the text Tines
rnay be 5ti1] wraoped because of low-oualitv ootics of
digital camerasz. One important example of such
deformation is the rounding of an image on borders as
result of bar=! distortion. Mioreower. uwzra'l types of
deformation could be applied to the sane image,

makino it imcossible to build a crecise model of tillaoce
deformation This is how the task of image de-warping
app=ars.

The main ide=a of the propos=d algorithm IN based on the
fact that it iz masy to mark vp Tong continuous branches
that define interlinear spaces of the docuin=nt in outer
ske'lebun:- we approximate such branches by cubic

ESE-I er curves to find a specific deformation model of

each interlinear spac= of the document On the basis of
a s=t of such interlinear spaces' approximations, the
who'l= approximation of the document 9= built in the
form of 2 Z-dimensicnal cubic Bezier oatch. After all
thiz work iz completed, we can de-warp an imac.fe
using obtained approximation of imaze deformation.
This work is an extension of the article [II In this
paper new method of automatic search for Anterldnear
branches of skeleton is descnbed. Also iteration
method of 1la.-qc deformation aporoximation

adjustm=nt s given.

To te=st pur algorithm we compar= recognition

results for a batch of images b=fore and afte=r the de=-
WAMDi NG Drocess.

2. Existing salutions

Algarithm of automatic image de-warping iz nesded
nowadays for automatic OCR systens. Flenty of
algorithms for image deformation approximation
appeared in the Tast several vears (s=e for =zample [7-
I 0. unfortmately, most of these algontlim=s have
some dizad'antages that make then unusable for
commercial OO systems.

Exizting solutions can h= diwvided to thre=

aocroaches:

= First approach is to single out text Tines by
comaining clos= black chiescts and then approximating
=ach Tine shag= using some characteristic points of
Tine"=s black objects. For sxample, one= can approximate
text Tines® shape bw usino widdle ooints of Black
objects” I:luun-d'lnq ru:ta.nq'lu Main disadvantage of
thiz approach is that It is hard to d=fin= such
characteristic points of black objects that can give a
stahle apprnx'irlil‘.'inri of Tine shaps.

» Second anoroach is to build a model of

poszible d=forniation of an Image and then try to apply
this model Fnr a :pu:'an: image. Main disadvantag,e
this methed is that it is almost impossible to I:|u1'||:| a
complet= mode]l of image deformation. &nd if swch a
moge] describes onlv one tvoe of deformation. one
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Perspective Correction Methods for Camera-Based Document Analysis

L. Jagannathan and C. V. Jawahar

Center for Visual Information Technology
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Abstract

In this paper. we describe a spectrum of algorithms for
recnfication of document images for camera-based analy-
sis and recognition. Clues like document boundaries, page
layout information, organisation of text and graphics com-
ponents, apriori knowledge of the script or selected svm-
bols etc. are effectively used for removing the perspective
effect and compuing the frontal view needed for a npi-

ld i lysis algorithm. Approp i
from projective geometry of planar. exploited in
these situations.

1. Introduction

Document images arc ommipresent. Textual content in
the form of books, newspapers and articles have been tradi-
tionally digitized using at-bed scanners and read with the
heip of OCRs. These reading systems may not be appro-
priate in situations where mobile, portable or non-contact
reading systems are needed. Cameras, which can scan text
‘without contact even on non-planar surfaces. is an emerging.
altemative 10 the conventional scanners. In general, cam-
eras are small in size, lightweight and casy 1o use. Although
many of the present day scanners outperform the popular
cameras in resolution, the cameras remain attractive alter-
native especially in situations descnbed above and for non-
critical applications. Advances in sensor technology is ex-
pected o take the camera-based systems more favorable.

Camera-based imaging process mntroduce many new
challenges to the document understanding process {3]. Im-

ages acquired through cameras suffer from projective
distortion, uncven highting and lens distortion. Algo-
rithms for understanding the images with these distortion
would become much more complex due to the addi-
tional parameters to be taken care while designing them,
Instead of this, we could use methods to remore these ef-
fects/distortions for intelligent processing of document im-
ages. A license plate reading system (7] analysing the traf-

Beispiel H

Figure 1. Original Image of a license plate
(a) and its perspective corrected version (b).
Two selected characters (‘A’ and 'E') are
shown before (c) and after (d) rectification.

¢ videos capture an image similar to Figure 1(a), while
Figure 1(b) is better processed by a machine. The trans-
formation between the two images is achieved by remov-
ing the perspective distortion. The perspective d f
a planar surface can be understood as a projective trans-
formation of a planar surface. A projective transformation
s a lincar graphy) de-
ned 10 3 homogencous coordnate system. Different clues
in the document image itself could be used for the pur-
pose of rectication. Boundaries of documents. page
layout and textual structure provide important clues to rec-
1ify the perspective distortion. Where gross structure is
absent i the document, word level or character level -
formation could be used in recovering the fronto-parallel
view from an arbitrary view. In this paper we explore var-
ious recti cation techniques that are uscful for projective
correction of document images
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abstract

In this paper, we describe a spectrum of algorithms .for
rectification of document images for camera-bas=d analy-
=iz amd recogpnition. Clu=s Tike docum=nt boundaries, page
Tavaut information. orcanisation of text amd orachics com-
ponents, apriori knowledge of the zonpt or selected sym—
bols etc, are =Fffectively used for removing the perspective
affect and l:m'put.'lnn the frontal iiew nesded for a typi-
cal dotument image analysis algorithm. Appropriate mutts
.from oroiective oeometrv ofplanar surfaces are mmloited in
thess situatians.

1. Introductian

Document images are onndpresent. Textual content in

the form of books, nemspapers and articles have besn tradhi-
timallv dioitized using at-bed scanners and read with the
Ffelp of DCRs. These reading systems may not be appro-
priate inm situations where mobile, portable or non-contact
reading systems are needed. Cameras, which Can scan text
without contact =ven on non-planar surfaces, is an =m=roing
altermative to the comventional scanners. In oeneral. cam-
eras are srnall in size, Tightweight and easy to use. Although
many of the present day scanners outperform the popular
cane=ras in resolution, tho =sras remain attractive alter-
mative scpacially in situations de=xzcnbrd abowe and for mon-
critical aoolications. Adwances in sensor technoloov is ex-
pected to take the camera-based systems more favorable.
Canera-bas=d imaging process introduce inany mew
challenges to the document mide=rstanding process [3]. Im-
ages acguired throwvch cameras suffer from projective
distortion. un=ven liohtimo and lens distortion. Aloo-
rithes for understanding the images with these distortion
would becom= much more complex de= to the addi-

tional parametars to be taken care while desioning them.
inst=ad of thixz, we could use methods to temme these =fF-
fees-giztortions for intellicent orocessine of document Tm-
agex. A Ticense plate reading system [7] amalysing the =at. -

Figure 1. Original Image of a2 Ticense plate
(a) amnd its perspective correctsd version {B).
Two selected characters ("A° and "E'} are
shown before (c) and after (d) rectification.

C videos capture an -image zimilar to Figure 1(a), whil=
Figure 1{b} i= better processed by a2 machine. The trans-
formation betws=en the two images is achi=ved by remov-
ino_the perspective distortion. The persosctive distortion of
a planar surface can be understoocd a.=x a projecthe trans-
formation of a planar surface. & projective transformation
iz a generalised linear transformation {(nomography} de-

n=d imoa h-u-n-qenmu:- coordinate system. Oifferent clues

in the document imace itself_could he used for the our-

pose of tes=n cation. Eoundaries of documents, page

Tayout amd textual strocturs provide 'inpurta.rlt cle=s to rec-
tify the Mrzpective distortion. where gross structure IS
absent in the document, word level or character level in-
formation could bc psed in recoverima the fromto-parallel
view from an arbitrary view. In this paper we= explare var-
ious recti cation techmigues that are u.s=ful for projective
correction of document images.
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shstract

In this paper, we describe a spectnim of algorithms Ihbr
rectification of document images for camera-bas=d analwv-
=is and recognition. Clu=s lik= docum=nt boundaries, page
lavout information. orcanisation of t=tt and prachics com-
pomrents, apriori knowkdge of the script or selected sym—
bols etc are effectively used for removing the perspective
effect and computing the fromtal -diew nesded for a te-

cal document image= analvsis algorithm. Appropriate results
frront proiective osom=trv ofplanar swrfaces an. =oloited in
these sitmations.

Document images are omnipresent. Textual content in

1. Introductian

Document imapss are ommioresent. Textual content in

the form of books, nemsgapers and articles have besn tradi-
tiomally digitized using at-bed scanners and read with the
help of OCRs. These reading systems may not be appro-
priate in situations where mobile, portable or non-contact
reading svstems are needed. Cameras. which Can scan text
without contact e=ven on non-planar surface=s, 95 an =narging
alternative to the comventional scamners. In general, cam-
eras are srnall in size, Tightw=ight and =masy to us=. Althowgh
many of the present day scanners outperform the popular
cameras in resglution. tho =eras remain attractive alter-
native =specially in situations d=szcnbrd above and for mon-
critical applications. Advances in sensor technology is ex-
pected to taks the= camera-baszed systess more favorable.
Camera-baszsd imaging process introduce inany new
challenoes to the document widerstandino orocesx [31. Im-
ages acquired throvgh cameras suffer from projective
distartion, uneven Tighting and Tens distortion. Algo-
rithms for understanding the images with these distortion
would becom= much more complex dee to thco addi-

tional parameters toc be_taken care while desionino them.
inste=ad of this, we could use methods to temme these =fF-
Fams - |:|1:tnrt1un=- for dinta1ligent processing of document Im-
ages. 4 Tice=nsze plate reading system [7] amalysing the =at. -

Figure 1. Original Image of 2 license plate d version (B).
{a) amd its perspective correctect=d version

Two selected characters ca' and ‘ET1 are

shown before (c) and after (d) rectation.

C videos capture .im image Figqure Ttai, while

Figure I {ol iz better processad by a mu:h'l'ne trans-
forrmation between the two images Iz achieved by resowv-
ing the perspective distortion The perspective distortion of
surface can be understood a= a prodective trans-
fnrrrnlt1un of a planar surface. & proi=c.tne transformation
iz a generalised linear transformation {Homography} de-
nied in a homogens=ous coordinate system. Ditter=nt clues
in the document image itself couwld b wscd the pur-

pose of recti cation. Boundaries of documentsz. oace
Tayout amd tcxtwal struectur= provide important cles=s to rec-
tify the p=rectox distortion. whers gross Stroctur s
abzeant in the document, word lewel or character Tevel in
formation could b= ws=d in recovering the fronto-parallel
view" from an arbditrary viem. In this paoer var-

ious recIicalion techmigues that wseful for Prodective
correction of document images.
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Obst auch so inspirierend? Dann lassen Sie sich von
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Denn: Im Alnatura Super Natur Markt ist die ganze
Woche Wochenmarkt. Frische und Qualitat aus der
Region sind uns ein groBes Anliegen. Dazu finden
Sie Brot und Kase an unserer Frischetheke sowie ein
ielfal Bio-Sortiment mit uber 6000 Produkten.
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Schauen Sie vorbei - wir freuen uns auf Sie!
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model of the discrete binary image In the same
Euclidean plane R®, we define the polygonal
figure 24 as the set of the points formed by association
of a finite number of non-overlapping bounded closed
domains. This figure is then a model of the continuous
binary image. There is a problem consists in the
construction of the figure 4 that adequately describes

properties of the discrete image B. In mathematical
terms this problem is posed as an approximation of a
discrete object with a continuous object. Natural
criteria of good approximations should satisfy the
following natural criteria:

) Bou, We RP\y , whee  means
closure of a set;

2) Let x, y € [ be a pair of adjacent nodes of the
lattice and 5, be a segment connecting these nodes.
Then if X,y €, then 5, €y, and if X,V € p
then s, Nu=@.

The first condition means that the figure covers all
black points of a discrete image and all white points he
cither outside of or on the boundary of the figure. The
second condition can be reduced to the condition that
the boundary of 4 lies in the interface between white
and black boundary points of the discrete image,

Let M be the set of all figures satisfying conditions

1 and 2. Any of them can be considered a continuous
model of a binary image with acceptable accuracy. As
we are going to build a skeleton of this figure, the most
convenient representation for us 1s the figure with a
piecewise linear boundary, since for such figures there
are effective algorithms for construction of 3 skelcton.
In this situation it is natural to choose from 3 a
polygonal figure (PF) with minimal perimeter (sce fig.
2). First, such PF exists and it is unique Second, the
number of its vertices is close to mimimal among all PF
satisfying conditions 1 and 2.

Figure 2. Representation of raster abject with
polygonal figure with minimal perimeter
The algorithm for solving this problem which
feqUITES 3 single pass over 3 rster image, has heen
descrbed in (4]
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6. Continuous skeletal representation of an
image

The chaice of the polygonal figure as a continuous
model of the binary image reduces the problem of
construction of 2 skeleton o the image t the well-
known medial axis transform [5) Contrany 1o dnerete
mages for which the sheleton 5 determined
ambiguously. the concept of a skeleton of a continuous
figure has a smct mathematcal formulaton. The
skeleton of a figure is the focus of points of centers of’
maumal empty circles. An empty arcle does not
contam any boundary pomts of the figure. The
maximal empty circle 15 a circle which 1s not contaimed
in any other empty cirele, and which i not congruent
to another. Note that empty circles can be thus esther
intenal or external for the domains compnsing the
figure. Accordingly their centers form intemal and
extenal skeletons of the figure (sce fig. 3).

Figure 3. Empty circles for polygonal figure and
skeleton of polygonal figure.

This definition applies to any type of shape, not just
a polygon. However there exist effective algonthms
for construction of polygonal figures [4,6]. The
algonthm used (2.3] 15 based on a generalization of
Delauney triangulation for a system of sites of two
types (pomnts and segments) that comprise a PF
boundary. It builds a skeleton in time O(n log n) where
nis the number of PF vertices.

Skeleton of polygonal figure can represented as a
planar graph, where nodes are points on a plane: and
bones are straight lines that connect the nodes. In such
representation of a skeleton all nodes have no less than
three nearest points on the border of the area and all
bones lie between two linear fragments of the area
border. Later in this article we will use only graph
representation of a skeleton,

Let us also define a knot in skeleton as a node with
more then two connected bones and final node as a
node with only one connected node. And let us define
a branch of skeleton as a consistent set of bones that
has final node or knot node on each end and does not
have knots in the middle of the branch. Later in this
article we will operate only with branches of the
skeleton and not with single bones,
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mode] of the discrete binary image In the sams
Euclidean plane B. we define the polygonal

figure /_f az the set of the points formed by association
af a finite number of non-overlapoing bounded closed
domains. This fioure is then a mode=l of the contimuous
Binary image. There iz a probles consists in the
construction of the figure £ that adequately describes
progerties of the discrete image E. In mathe=nutical
terms this problem is posed as an approximation of a
discrete ohiect with a contimmous obiect. Natural
criteria of good approximations should satisfy the
Ffollowing natural criteria:

1) Becp, ®We RZ W1 . whers means

closure of a set;

71 Let x.v E I be a pair of adiacent nodes of the
Tattice and 5. be a2 s=gment connecting thess nodes.
Then if =x,vEp, then s. Ep, and if .x,v p

then 5. 8 m O .

The first condition means that the figure covers all
black ooints of a discrete imaoe and all white opints Tie
aither gutside of or on the boundary of the figure. The
se=cond condition can be reduced to the condition that
the boundary of g Ties +in the interface be=tween white
and black boundary points of the discrete image,

L=t M b= the set of all fioures satisfvino conditions
1 and 2. any of then can be considered a continuows
moce] of a binary image with acceptable accuracy. A=
we are going to build a2 skeleton of this Ffigure, the most
convenient repressntation for us 93 the figure with a
oiecewize linsar bowndarv. simce for such figures there
are affective algorithms for com.struction of a sk=leton.
In this situation it is natural to choose from M a
pulwnna'l Figure [PF} with minimal per'imeter [mmm Fig.
21, First, such PF exists and it i3 unigue S=cond. the
numger of its vertices iz clps= to minimal amona all PF
satisFying conditions 1 a 2.

Figure Z. Bepresentation of raster ocbiject with
polygonal figure with minimal perimetar

The a'lqunth'n for solwing this pruh'l:ﬂ which

recuires a 51|1u'|1= pass over a raster image. has fen
described +in

47

& Comtimwous skeletal reprasentation of an

image

The chruce of the poloonal figure as a continwous

mode] of the bine imape reduces thc oroblem of
construction of a skeleton of the image to the » =11-
known medial axis transform 15) Contrary to ttiscrvte
‘macs for which the skeleton ix determimed

ambiguously. the concept of a skeleton of a continuous
fioure has a strict mathematic.al formulation. The
skeleton of 2 figure 15 the lzcus of points of centers of
maximal empty circles. &n empty circle dom=s not
contain ass boundary pn'int: of the F'iqur\e. fhe

rrumrll'l empty circle is a circle r.h'lrJ'l is mot l:untann-ed
in an v other =smoty cn:le. and which is not cononi=mi
to another. Mote that empty circles can be thus mither
intermal or external for the domains comonmsing the
Ffigure. Accordingly their centers form internal and
mxt=ma]l skeletons of the figure {see fig. 3.

Thiz definition applie=s to amy tyoe of shape, not just
a palygon. Howsver thers sxizt effective algorithms
for construction of pulwnna'l figures [4,8]. The
alporithm used [2.31 is basad on a oeneralization of
D=launey tnangulation for a system of sites of two
types {points and seqments) that comprise= a PFI'
boundary, It builds a ske=letonm in tim= O(n Tog n) whett
n iz the number of FF vertices.

Skeleton of polwoonal fioure cam represented as a
planar grapgh, where nodesz are points on a plane and
bones are straight Tines that conmect the nodes. In such
representation of a skel=ton a1l nodes hawe no Tess than
thm= nearest points on the border of the area and all
bonexz 1i= between two linear fraoments of the area
border. Later in this article we will ws= only g.raph
representation of a2 skeleton.

Let us also define a knot in skeleton as a node with
more then teo connected bones and final node as a

node with only one connected mode. dnd Tet us define

a branch of skeleton as a consistent set of bones that
has final node or knot node on =ach end and does mot
have knots in the middle of the branch. Later in this
article we mill operate only with branches of the
skeleton and not with sinole bones.

Figure 3. Empty circles for polygonal fiqure and
skeleton of polygonal figure.
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mode] of the discret= binary image. In the sam=
Euclidean olan= RZ . we define the polwoonal

figure p as the z=t of the points formed bv az=zociation
af a finite number of non-overlapoing bounded closed
domains. This figure is then a mode] of the continuous
Binary image. There is a probles consists in tha=
construction of the fioure o thatadeouatelv descnobcs
properties of the discrete image 8 . In mathematical
terms this problem iz posed as an approximation of a
discret= chiect with a continwous obj=ct. Matural
criteria of good approximations should satisfy the
followino natlura'l criteria;

1) Bcp, WC[RZl . ul . where [ rnea,

closure of a set

2l L=t x, v E I be a pair of adjacent nodes of the
lattice and .5.,, be 3 s=om=nt connecting these node.s.
Then if X. v E .U. then su = p. and if X. v e D

then s np =10

The first cnrbd'|t1un means that the figure covers all
black points of a discrete image and all white points he
wither outside of or on the boundary of the figure. The=
secand conditian can be reduced to the condition that
the boundary of p lies in the interface between white
and black bouwndary points of the discret= image.

Let M bc the se=t of all figures satisfying conditions
1 and 2. Any of them can be considered a comtinuows
mode] of a binary imaoe with acceotable accurace. as
we are going to build a skeleton of this fiqure. the most
conveani=nt regpresamntation for us is the fioure with a
picc=xize Tinear bowndary, since for swch figures ther=
are affective a'lqunth'ns for construction of a skeleton.
In_this situation it is natuni to_choose frum M a
nnlwnna'l figure (PF} with mimimal perimeter {see fig.
21, First, such FF exists and it i3 unigue Second, the
nunbar of its vertices s cloc= to minimal among a.'I'I FE
satuﬁﬁnn conditions 1 and Z.

wels N

Hﬁ“p

Ficure Z. Representation of raster obiect with
!

polygonal figure with minimal perimets-

h

The. algorithm for =olving this problem which

aver

reguires a single pass a raster image, has been
describ=d in  [4].

&_ Continwous skeletal representation of an

image

The choice of the polygonal figure as a continuous
rrncdel of the binary image reduces the problem of
construction of a skeleton of thc image to the .ell1-
kno.-n medial axis transform T51. Contrarv to discrete
ima=es for which the skeleton is determine,

ambizwously. the concept of a skeleton of a continuouws
ficure has a strict mathematical formulation. The
skelaton of a Figure is the Tocus of points of centers of
maximal emotv circles. &n emotv circle d=s not

contain an y boundary points 1f the ﬁqure Hi=

maxinal empty circle is a circle which is not contained
in am other empty circle. and which iz not congnient
to another Hote= that empt? circles can be thus =ither
int=mal or external for the domains comorisine the
figure. Accordingly their centers form internal ;Ind
external skeletons of the fHigure (zes Tig 33,

Figure 3. Empty circles for polygonal figure and
skeleton of palygonal Figqure.

This_definition aoplies to anv tvoe of shape. not fust
a polygon. Howsver there exist effective algonthms

for construction of polvgonal figures [4,6]. The
algonthe wsed [2.3] is based on a generalization of
Delauney triangulation for a system of sites of two
tvoes (Doints and seaments) that comorise a PF
boundary. It builds a skeleton in time O(n Tog n} where
n iz the tunber of PF wertices.

Skele=ton of polygomal figqure can represented 2, a
planar gragh, wher= nodes are points om a plame and
bones are straiocht Tines that comnect the nodes. In such
reprasentation of a skelaton 2171 nodes have no Tess than
thra= n=areszt points on the border of the area and a1l
bones Tie betwe=en two Tinear fragments of the area
border. Later in thiz article we will ws= only gragh
representation of a skele=ton.

Let us also define a2 knot in skel=ton as a mode with
more then two connected bones ancd final node as a2
node with onlv one connected node. And et ws d=fine
a branch_of skeleton as a consistent zet of bones that
has final node or knot node on each end and does mot
hawe knots in the middle of the branch. Later in this
article we will operate only with branches of the
skelaton and not with singl= b-ones.
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Ausgabe 10
2T. April 2013

Vom Mustergut zum Ausflugsziel:
Das Landgut A. Borsig

in Ausflugstipp der beson-
deren Art und seit Kurzem
auch Ref fir

tet werden. Das neue, modeme
Biohotel und das historischen

die Bundesgartenschau (BUGA)
2015 ist das Landgut A. Bor-
sig in GroB Behnitz bei Nauen.
Einst als landwirtschattiches

L bieten mit

105 Doppelzimmemn und 23
Suiten eine komfortable Unter-
kunft auf Zeit und laden 7u er-
holszmen Stunden inmitten der

gut der E
Oynastie Borsig angelegt und
als Tagungsort des Kreisauer
Kreises genutzt, erwartet die Be-
sucher heute in den historischen
Gebauden in direkter Lage am
Grof Behnitzer See
tin  einzigartiges
Freizeit-Angebot.
Fr Tagesausfiigler
bieten die intakie
Natur - mit  Waid,
Wasserflachen
sowie  Parkland-
schaft und  zwei
informativen  Dau-
erausstellungen
en  spannendes
Ausfiugsziel. Fir die kulinarische
Attraxtion  sorgt  Kichenchel
Dirk Bismark, ger seinen Gasten
taglich saisonale markische Ge-
richte anbietet, die mit marktfri-
sehen regionalen oder biologisch
angebauten Produkden zuberei-

ger Natur ein. Auch
fur Hochzeiten oder Familienfer-
em selzt das Landgut A. Borsig
mit seinen groBzigigen Freifld-
chen und zahlreichen Raumen
unterschiediicher Groien und
Charakere  den
perfekten Rahmen.
Egal ob unter frei-
em Himmel direkt
am Seeufer, in der
Dorfkirche oder im
eigenen Standes-
amt, ob modem
oder historisch —
den »Ja-Sagems
sind keine Grenzen
gesetzt. Und wer
nach einem geeigneten Ort fiir
Tagungen, Seminaren oder In-
centives sucht, ist beim Landgut
A. Borsig ebenfalls an der rich-
tigen Adresse: Sieben helle Sa-
lons, die mit der neuesten Tech-
nik ausgestattet sind, bieten bis

Ausflugszie! fiir die ganze Familie: intakte Natur mit Wald, Wasserflichen sowie Parklandschaft.

7u 700 Personen viel Raum fir
eine erfolgreiche Tagung, Veran-
staltung oder Firmenfeier. Privat-
(gaste wie auch Tagungsbesucher
kénnen gemeinsam Kochen, Fil-
zen oder sich in der hauseigenen
Lithografiewerkstatt inspirieren
lassen. Technik-Fans versuchen
sich an der hauseigenen, me-

terhohen Dampfmaschine oder
erfahren bei einer persdnlichen
Fihrung durch den Gutsherm
Michael Stober mehr uber die-
sen historischen Ort — nur 4§
Fahrtminuten von Beriin-Mitte
entfernt. Eine Gffentliche Fih-
rung findet jeden ersten Sonntag
im Monat um 11 Uhr stat, fur

fiestaurant Seeterrassen; Kiichenchef Dirk Bismark bietet seinen Gasten tiglich saisonale markische Gerichte an.
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26,50 Euro gibt es dann neben
dem Rundgang auch noch ein
Drei-Gange-Menu, Und zur BUGA
2015 prasentert das Landgut
als Referenzstandont rechtzeihg
weitere  spannende  Angebote
rund um  Nachhalugkeit und
Natur. Weitere 1a10s unter www,
landgut-aborsig.de

Gewinnen
_ Sie eine
Ubernachtung
in einer Suite
fiir zwei!
SchiossstraBe live und der
neue BUGA-Referenzstandort
Landgut A. Borsig verlosen
eine Ubernachtung inach Re-
servierung) in emner der groB-
ziigigen Suiten ym  Bichotel
des Landgut A Borsig fur zwe:
Personen inkl. Fruhstuck und
Drei-Gange-Mend im Restay-
rant Seeterrassen. Einsende-
schiuss: 11. Mai 2013. Der
Rechtsweg isl ausgeschlos-
sen. Schreiben Sie an:
zimmermann@abendblatt-
berlin.de oder senden Sie
eine frankierle Postkarte an
Schlossstrabe five, Posttach
350625, 10215 Berlin.

Viel Gliick!
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Vom Mustergut zum AusTlugsziel:
Das Landgut A. Borsig

in AusTlugstipp der beson-
deren Art und seit Kurzem

auch referenzstandort fir

die Bundesgartenschau (BUGA)
2015 st das Landgut A. Bor-
sig in Grof3 Behnitz bei Nauen.
Einst als landwirtschaftliches
Musterqut der Eisenbahner-
Dynastie Borsig angeleqt und
als Tagungsort des Kreisauer
Kreises genutzt, erwartet the Be-
sucher heute in den historischen
Gebiuden in direkter Lage am
Grof3 Behnitzer See

in einzigartiges
Freizeit-Angebot.

Fir Tagesausflugler

bieten die intakte

Natur mit wald,

wasserflachan

sowie Parkland-

schaft und zwei

informativen Dau-
eraysstellungen

2in_spannendes

Ausflugsziel. Fur die kulinarische
Attraktion sorgt Kichenchef
Dirk Bismark, der seinen Gasten
taglich saisonale markische Ge-
richte anbietet. die mit marktfri-
schen regionalen oder biologisch
angebauten Produkten zuberei-
tet werden. Das neue modeme
Biohotel und das historischen
Logierhaus bieten mit insgesamt
105 pappelzimmem und 23

Suden eine komfortable Unter-
kunft auf Zeit und laden zu er-
holsamen Stunden inmitten der
Erandenburger Natur ein. Auch
fiir Hachzeiten oder Familienfei-
em setzt das Landgut A. Borsig
mit seinen groszUgigen Freffla-
chen und zahlreichen Raumen
unterschiedlicher GroEzn und
Charaktere

perfekten Rahmen.

Egal ob unter frei-

em Himmel direkt

am Seeufer, in der

Dorfkirche oder im

aigenen Standes-

amt. ob modzm

oder historisch —

den =»Ja-Sagemx

sind keine Grenzen

gesetzt. Und wer

nach einem geeigneten Ort fir
Tagunaen, Seminaren oder In-
centives sucht, ist beim Landqut
A, Borsig ebenfalls an der rich-
tigen Adresse: Sieben helle Sa-
Tons, die mit der neuesten Tach-
nik ausgestattet sind, bieten his

zu 700 Personen viel Raum fiir
=ine erfolgreiche Taguna, Veran-
staltung oder Firmenfejer:pPrivat-
gaste wie auch Tagungsbesucher
konnen gemeinsam Kochen, Fil-
zen oder sich in der hauseigenen
Lithografiemerkstatt inspirieren
lassen. Technik-Fans wersuchen
sich an der hauseigenen, me-
terhohen Dampfmaschine oder
erfahren bei einer persontichen
Fiihrung durch den Gutsherrn
Michael Stober mehr Ober die-
sen historischen Oct nur 45
Fahrtminuten won Berlin-Mitte
entfemt. Eine offentliche

rung findet jeden ersten Sonntag
im Monat um 11 Uhr stet, fur
Ausgabe to

27. April 2043

26,50 Euro gibt us dann neben
dem Rundgang auch noch ein
Drei-Gange-Menii. und zur BUGA
2015 prasentiert das Landqut
als referenzstandort rechtzeitig
weitere spannende Angebote

rund um Nachhatugkeit und

Natur. weitere Infos unter waw.
landgut-aborsigste

Gewinnen

=ie eine

Ubarnachtung

in einar suite

Fir zwei!

Schlossstrabe Tive und der

neue BUGA-Reteranzstandort
Landgut A. Borsig vertosen

aine Ubernachtung mach Re-
servierung) in einer der grab-
ziigigen Suiten im Bichotel

des Landaut A. Borsig fur zwei
Personen inkl. Frithstuck und
Drei-Gange-Menii im Restau-
rant Seeterrassen. Einsende-
schluss: 11. Mai 2013. Der
Rechtsweq st ausgeschleos-

sen. Schreiben Sie an:
zimmermann@abandoiatt-
berlin.de oder senden Sie

eine frankjerte Fostkarte an
SchlossstraBe Tlive, Postfach
35062, 10215 Berlin.

Viet Gitick!

Restaurant Seetarrassen: nrchenchef
AusTlugsziel fiir die ganze Familie:

Dirk Bismark bistet seinan Gasten taglich saisonale mirkische Gerichte an.
intakte Natur mit wald. wasserflachen sowie Parklandschatt.

32



/Beispiel K

Vom Mustergut zum Ausflugsziel:
Das Landout A. Borsio'

Ein Auzfiunstipo der beson-
deren Art und seit Kurzem

auch Referenzstandort fiir
diz_EBundesoartenschau (EUGAY
2015 ist das Landout A. Bor-

sig in GroE Behnte bei Nauen.
Einst als landwirtschaftliches
sustergut der Eisenbahner-
Dvnastie Eorsic anceleat und

als Tagungsort des Kredisauer
Kreises genutzt, erwart=t die Be-
sucher heute in den historischen
Cebawpden in direkter Lage an
GroE Behmitzer See

ein einzigartiges
Fredizeit-Ang=hot .

Fiir Tapesausfliigler

bisten diez intakte

Natur mit wald.

nasserfl acb:n

sowie Parkland-

schaft und zwei

informativen Dau-
erausstellungen

=in_spannences

Ausflugsziel. Fur die kulinarische
Attraktion sorgt Kiichenchef
Dirk Bismaik, der seinen Casten
taalich 5.11sana'le markische Ge—
richte anbietet, die mit markefri-
schen r:muru'lzn oéer biologisch
angebauten Frodukten zuberei-
tet werden. Das ness, moceme
Eichotel und das historischen
Logierhaus bisten mit insgesamt
105 poppelzammem wnd 2

Suiten eine komfortable Unter-
kunft auf Zeit und Taden zu er-
holsamsn Stunden inmitten der
Erancenburger Matur =in. Auc
fur Hochzeiten oder Familienfei-
em setzrt das Landout A. Borsig
mit seinen groBziigicen Freifia-
chen und _zahlreichen Raumen
unterschiedlicher GroEzn und
Charakters den

perfekten Rahmen.

Egal ob wnter frei-

en Himmel direkt

am Seeufer. in der

porfkirche oder im

emigenen Standes-

amt. ob modem

pder historisch -

den 'Ja-Sanem-

sind keine Crenzen

gese=tzt Und wer

nach einem gesigneten Ort fiir
Taguno=n. Seminaren oder In-
centwez sucht, izt beim Landgut
A. Borsig sbenfalls an der rich-
tigen Adresse: Sieben helle Sa-
lons, die mit der neuesten Tech-
nik_zuscestattet sind. bisten bis
zu 700 Personen viel Raum i

eine erfolgrediche Tagueng, Veran-
staltung oder Firmenfeier:Privat-
odste wie auch Taoungsbesucher
konnen oemeinsam Kochen. Fil=
zen oder sich in der hauseigenen
Lithografiewerkstatt inspirieren
lassen. Technik-Fans versuchen
sich an der hauseigenen, me-
terhohen Damofmaschine oder
erfahren bei einer persanlichen
Fihrmng durch den Gutsherrn
Michael Stober mehr Ober die-
sen historischen Ort nur 45
Fahrtminut=n von Eerlin-Mitte
entfernt. Eine affentliche Fih-
rung findet jeden erszten Sonntag
im Monat um 11 uvbr statt, fir
Ausgabe 10

27. Aoril 2013

26,50 Eura gibt == dann neben
dem Rundgang awch noch ein
Drei-Cange=-teni. Und zur BUGA
2015 prisentiert das Langdout
2ls Refersnzstandort rechtzeitig
weitere spannende Angebote
rund um Nachhaltigkeit und
Natur. wWeiters Infos wnter www.
Tandout-aborsio.de
Cewl nnen
Sie eine
Ubernachitung
'|n min " Suite

il

schloszztraBz Tive und der
neue BUCA-Referenzstandort
Landgut A. Barsig werlasen
mine Ubernachtung (mach Re-
servierunal in ciner der orab-
zigigen Suiten im Biohotel
des Landout A. Borsig fur zwei
Personen inkl. Frihstick und
Drei -Gange—M=nt im Restau-
rant Seeterrassenl Einsende-
schluss: 11. Mai 2013, Der
Rechtswer ist ausceschlos-
sen. Schreiben Sie an:
zimmermanndabendblatt-
berlin.de pder senden Sie
eine frankierte Postkarte an
SchlozzstraBs live, Postfach
350625, 10215 Eerlinm.

viel Glick!

Restauwrant Seeterrassen: Eichenchef Dirk Bizmark bietet seinen Cisten tiglich saisonale mirkizche Cerichte an.
Ausflugsziel fir die ganze Familie: dintakte Matur mit wald, wasserflachen sowie Parklandschafe.
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Beispiel L

Aufhahmephase

Einfachheit mit einer ganzen Reihe von Schwachstellen verbunden:

e die Notwendigkeit einer friihzeitigen Binarisierung des Bildes
o Empfindlichkeit gegeniiber der Zeilenorientierung und -kriimmung
o Empfindlichkeit gegeniiber der SchriftgroBe

Kantenbasierte Methoden stellen eine Maglichkeit dar, die Binarisicrungsproble-
matik zu umgehen. Neben den klassischen K traktionsoperatoren (s. Ab-
schnitt 2.3) [64][65] werden Methoden der Grauwert-Morphologie [57] [58] fur
eine Transformation in den Kantenraum eingesetzt, in dem bestimmte textspezifi-
sche Klassifizier kmale einfacher extrahiert werden kdnnen. Ein weiterer
Vorteil der Transformation ist die dabei stattfindende Hochpass-Filterung der
Aufnahme, wodurch die negativen Effekte einer inhomogenen Beleuchtung ge-
mildert werden.

Auch fiir die Orientierungsproblematik wurden bereits zahireiche Losungsansitze
vorgeschlagen. In [62] wird eine Weiterentwicklung des RLS-Algorithmus vorge-
stellt, wobei statt eines achsensymmetrischen strukturierenden Elements cine Fa-
milie von unterschiedlich ausgerichteten Filtern fiir die SchiieBen-Operation ver-
wendet werden, um den Filter zu bestimmen, der mit der Zeilenorienticrung im
Dokument korrespondiert. Eine #hnliche Uberlegung steht hinter den Projekri-
onsprofilen — einer hiufig eingesetzten Methode [66][67] zur Feststellung der
Textflussrichtung durch die Akkumulierung der Pixelwerte entlang ciner Kurve,
Mit Hilfe der auf diese Weise produzierten Profilhistogramme lisst sich u.U.
nicht nur die Zeilenorientierung, sondern auch die SchrifigroBe eines Textblocks
grob abschitzen. Anhand der globalen M dnderungen in den Profilen kann
man dariiber hinaus die Grenzen eines Textblocks (engl. recursive \Y-Curs (68])
ablesen oder Aussagen iiber den Inhalt [69] machen. Zu den groBen Schwiichen
der Projektionsprofile z4hlt ihre Anfdlligkeit (s. Abb. 5.1.2) gegeniiber Doku-
mentverzerrungen [66].

Die Skalicrungsprobiematik stellt eine groBe Herausforderung fur die Textlokali-
sierung dar. Eine zuverlissige Merkmalsextraktion ist auf die Kenntnis der erwar-
teten SchriftgroBe angewiesen, wihrend man fir die Schitzung der SchrifigriBe
aussagekriftige textspezifische Merkmale bendtigt. Viele der schnellen Methoden
[57]{58](59](61] werden daher durch die Wahl geeigneter Parameter aul einen
bestimmten anwendungsabhiingigen SchriftgréBenbereich zugeschnitten, wohin-

60
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Ai1l1T1zahmephase

Einfachheit mit einer ganzen Reihe wvon Schwachstellen werbunden:

« die Notwendigkeit einer fruhzeitigen Binarisierung des Bildes

+« Empfindlichkeit gegenilber der Zeilenorientierung und -krummune

= Empfindlichkeit gegeniiber der SchriftgyaBe

Kantenbasierte Methoden stellen eine Moglichkeit dar, die Binarisierungsproble-
mat1k zu umgehen. Neben den klassischen Kantenextraktionsoperatoren (s. Ab-
schnitt 2.3) [64][65] werden Methoden der Grauwert-Morphologie [57] [58] tilr
eine Transtormation in den Kantenraum eingesetzt, 1n dem bestimmte textspezifi-
sche Klassifizierungsmerkmale einfacher extrahiert werden kdnnen. Ein meiterer
Vorteil der Transformation ist die dabei stattfindende Hochpass-Filterung der
Aufnahme, wodurch die negativen Effekte einer inhomogenen Beleuchtung ge-
mildert werden

Auch filr die Orientierungsproblematik wurden bereits zahlreiche LOsung.sansatze
vorgeschlagen. In [62] wird eine Weiterentwicklung des RL5-Algorithmus vaorge-
stellt. wobeil statt eines achsensymmetrischen strukturierenden Elements eine Fa-
milie von unterschiedlich ausgerichteten Filtern ftir die SchlieBen-Operation ‘er-
wendet werden, um den Filter zu bestimmen, der mit der Zeilenorientierung im
Dokument korrespondiert. Eine ahnliche Oberlegung steht hinter den Prgielui-
onsprofilen — einer haufig eingesetzten Methode [661[67] zur Feststellung der
Textflussrichtung durch die Akkumulierung der Pixelwerte entlang einer Kurwve.
Mit Hilfe der auf diese Weise produzierten Profilhistogramme Tas=t sich u.U.
nicht nur die Zeilenorientierung, sondern auch die SchriftgroBe eines Textbhlo'cr
grob abschatzen. Anhand der globalen Musterénderungen in den Profilen kann

man darilber hinaus die Grenzen eines Textblocks (engl. recursive XI-Cuts ML)
ablesen oder Aussagen uber den Inhalt [69] machen. Zu den groBen Schwachen

der Projektionsprofile zahlt ihre anfalligkeit (=. Abb. 5.1.2) gegentiber Doku-
mentverzerrungen [66].

Die Skalierungsprobiematik stellt eine groBe Herausforderung fiir die Textlokali-
sierung dar. Eine zuverldssige Merkmalsextraktion ist auf die Kenntnis der erwar-
teten SchriftoraBe angewiesen, wahrend man fur die Schatzung der SchritigroBe
aussagekraftice textspezifische Merkmale benatigt. Viele der schnellen Methoden
[37]1[58][59][61] werden daher durch die Wahl geeigneter Parameter auf einen
255t1mmten anwendungsabhangigen Schriftaral3enbereich zugeschnitten, wohin-

Aulhalunephas. e

Einfachheit mit einer ganzen Reihe wvon Schwachstellen werbunden:

'+ die MNotwendigkeit einer friThzeitigen Binarisierung., des Bildes

= Empfindlichkeit gegenuber der Zeilenorientierung und -krummung

« Empfindlichkeit gegentiber der SchriftgroBe

'Kantenbasierte Methoden stellen eine Moglichkeit dar, die Binarisicrungsproble-
matik zu umgehen. MNeben den klassischen Kantenextraktionsoperatoren (s. Ab-
schnitt 2.3) [64][651 werden Methoden der Grauwert-Morpholoizie [57} {58} tilr
eine Transformation in den Kantenraum eingesetzt, in dem bestimmte textspeziti-
sche Klassifizierungsmerkmale einfacher extrahiert werden kdnnen. Ein weiterer
Vorteil der Transformation ist die dabei stattfindende Hochpass-Filterung der
Aufnahme. wodurch die negativen Effekte einer inhomogenen Beleuchtung ge-
mildert werden.

Auch fur die Orientierungsproblematik wurden bereits zahlreiche Ldsungsansatie
vorgeschlagen. In [62] wird eine Weiterentwicklung. des RL5-Algorithmus wvorge-
stellt, wobeil statt eines achsensymmetrischen strukturierenden Elements eine Fa
milie von unterschiedlich ausgerichteten Filtern fir die Schlief3en-Operation ver-
wendet werden, um den Filter zu bestimmen, der mit der Zeilenorienticrung im
Dokument korrespondiert. Eine ahnliche Uberlegung steht hinter den Projekti-
onsprofilen — einer haufig eingesetzten Methode [661[671 zur Feststellung der
Textflussrichtung durch die Akkumulierung der Pixelwerte entlang einer Kurwvet.
Mit Hilfe der auf diese Weise produzierten Profilhistogramrne lasst sich w.U.
nicht nur die Zeilenorientierung, sondern auch die Schriftgrofie eines Textblocks
grob abschatzen. Anhand der globalen Musteranderungen in den Profilen kann

man dariiber hinaus die Grenzen eines Textblocks (engl. recursive XY-cuts [68])
ablesen oder Aussagen Ober den Inhalt [69] machen. Zu den grofien Schwachen

der Projektionsprofile zahlt 1hre anfalligkeit (s. Abb. 5.1.2) gegennilber Doku-
mentverzerrungen [66].

Die Skalierungsproblematik stellt eine arole Herausforderung fur die Textlokali-
sierung dar. Eine zuverlassige Merkmalsextraktion ist auf die Kenntnis der erwar
teten Schriftarof3e angewiesen, wahrend man fir die Schatzung der Schriftarofe
aussagekraftige textspezifische Merkmale benotigt. Viele der schnellen
[57][5811591161] werden daher durch die Wahl geeigneter Parameter auf einen
Egstimmten anwendungs abhangigen Schriftarof3enbereich zugeschnitten.
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