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Document Image Dewarping using geometrical information
extracted from document lines

Mohammad Amin Tolou Beydokhti & Alireza Ahmadifard*
Department of Electronic, Faculty of Electrical, Shahrood University of
Technology, Shahrood, Iran

Abstract

Document images produced by scanners or digital cameras usually have photometric and geometric
distortions. If either of these effects distorts document, recognition of words from such a document image
using OCR is subject to errors. In this paper we propose a novel approach to significantly remove geometric
distortion from document images. In this method first we extract document lines from document using
morphological operators. Then, extracted document lines are divided into a number of equal size column
strips.

This allows to assume that each segment of line document is not curved. Each extracted document line
segment is aligned horizontally. For this purpose, a segment line of document is rotated at different angels
and for each rotation horizontal projection is obtained. The rotation angle with maximum peak at the
corresponding projection signal is selected to align the line segment, horizontally. In order to estimate the
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geometrical distortion, for each document line a reference point is extracted from each line segment. These
points indicate the position of a document line at starting column of line segments. Using reference points of
a document line a polynomial function is fitted to each document line. At the end, geometric distortion for
each part of the document is eliminated using a perspective transformation.
This transformation is estimated based on the extracted polynomial function. To increase the stability of the
proposed method for short text lines, the curve of adjacent text lines of longer length is used. A post processing
stage is required after applying perspective transformation on document patches. Since this transformation
is a continuous mapping but it is applied on digital images. To remove this distortion from the result, the
consistency of each pixel value with the value of neighboring pixels are considered to correct the value of
inconsistence pixels.

The proposed method is implemented on Persian and English databases and has been compared with
the existing methods. The results indicate the efficiency and accuracy of the proposed method in elimination
of geometric distortions.

Keywords: Geometric distortion, document processing, perspective Transformation, Optical character
recognition (OCR)
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and geometric distortion
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(Figure-2): Flowchart of the proposed method for remov-
ing geometric distortion
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(Figure-4): A document line is broken into vertical stripes
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(Figure-11): The points of the quadrilateral vertices A)English
text B) Persian text
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(Table -3): The accuracy of word recognition on
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(Figure-16): Word recognition using PERSHIA NEGAR OCR software ( Fig. 15-B,C) A) de-warping using Shamgholi’s method [S] B)
de-warping using the proposed method
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For HTML, DOM provides a set of interfaces that model the various HTML
elements. For example, you can wuse the HIMLDocument class, the
HIMLAnchorElement, and the HIMLSelectElement (all in the org.w3c.dom.
html package) to represent their analogs in HIML (<HTHML>, <A>, and <SELECT>
in this case). All of thesc provide convenience methods like setTitle() (on
HIMLDocument), () (on HIML ). and getOptions() (on
HMLSelectElement). All of these extend core DOM structures like Document
and Element, and so can be used as any other DOM Node could.

However, it turns out that the HTML bindings are rarely used (at least directly).
It's not because they aren't useful; instead, many tools have already been written
to provide this sort of access through even more userdriendly tools. XMLC, a
project within the Enhydra application server framework, is one such example
(located online at http://xmic.enkydra.org), and Cocoon, covered in Chapter 10, is
another. These allow developers to work with HITML and web pages in a way that
daes not necessarily require even basic DOM knowledge, making it more accessi-
ble to web designers and newer Java developers. The end result of using these
tools is that the HTML DOM bindings arc rarcly needed. But if you know about
them, you can use them if you need to. Additionally, you can use standard DOM
functionality on well-formed HTML documents (XHTML), treating elements as
Element nodes and attributes as Attr nodes. Even without the HTML bindings,
you can use DOM to work with HTML. Piece of cake.

Odds and Ends

What's left in DOM Level 2 besides these modules and namespace-awareness? Very
litthe, and you've probably already used most of it The createDocument () and

() hods are new to the DOMInplementation class, and
you've used both of them. Additionally, the getSystemId() and getPublicId()
methods used in the DOMSerializer class on the DocumentType interface are
also DOM Level 2 additions. Other than that, there isn't much; a few new
DO ion error code and that's about it. You can see the com-
plete list of changes online at hutp://unmw. w3.org/TR/2000/REC-DOM-Level-2-Core-
20001 113/changes.html. The rest of the changes are the additional modules, one of
which I'll cover next.

DOM Level 3

Before closing the book on DOM and looking at common gotchas, [ will spend a
litde time letting you know what's coming in DOM Level 3, which is underway
right now. In fact, I expect this specification 10 be finalized early in 2002, not long

(B)

For HEML, DOM provides a set of intcrfaces that model the various HTML
elements. For example, you can use the HIMUDocument class, the
HIMLAnchorElement, and the HIMLSelectElement (all in the org.w3c.dom.
ntml package) to represent their analogs in HTML (<HIML>, <A>, and <SELRCT.
in this case). All of these provide convenience methods like setPitl=() (on

HIML . () (on BTML

and getoprion= () (on
HTMLSeledtElement). All of these extend core DOM scuctures like Document
and Element, and so can be used as any other DOM Node could.

Haowever, it turns out that the 1ITML. bindings arc rarely used (at least directy).
It's not because they aren’t uselul: instead, many tools have already been written
1o provide this sort of access through even more uscrdfriendly twols. XMLG, a

praject within the Enhydra appl server %, is one such

(located online at htp://xmic.enhydra.org), und Cocoon, covered in Chapter 10, is
anather. These allow developers to work with HTML and web pages in a way that
does not necessarily require even basic DOM knowledge, making it more accessi-
ble 1o web designers and newer Java developers. The end result of using these
tools is that the HTML DOM bindings are rarely needed. But if you know about
them, you can use them if you need 1o. Additonally, you can use standard DOM
functivnality on wellformed HTML documents (XHTML), treating elements as
Element nodes and atributes as Attr nodes. Even without the HTML bindings,
you can use DOM 10 work with HTML. Piece of cake.

Odds and Ends

What's Jeft in DOM Level 2 besides these modules and namespace-awareness? Very
little, and you've probably already used most of it. The createbocument () and
createDecumentType () methods are new to the DOMImplementation class, and
you've used both of them. Additionally, the getSystemId() and getPublicId()
methods used in the DOMSerializer class on the DocumentType interface are
also DOM Level 2 additions. Other than thai, there isn't much; a few new
DOMEscception error code constants, and that's about it. You can sce the com-
plete list of changes online at Atp://www.w3.org/ TR/2000/REC-DOM-Level-2-Core
200011 13/changrs. himi. The rest of the changes are the additional moduies, one of
which I'll cover next.

DOM Level 3

Before closing the book on DOM and looking at common gotchas, I will spend ;
little time letting you know what's coming in DOM Level 3, which is underwa
right now, In fact, § expect this specification 1o be finalized early in 2002, not lon
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For HTML, DOM prowides a set of mterfaces that model the vanous HTML
elements. For example, you can wuse the HIMLDocument class, the
pnaanchorElement, and the HTMLSelectElement (all s the org.wic.dom.
html package) to represent their analogs in HTML (<HTML> “As and <SELECT>
mn thrs case) All of these prowide convenience methods like sstTatle( (on
HTMLDocument), setHref  (on HTMLAnchorElement), and getOptions (on
pmLSelectElement). All of these extend core DOM structures ke Document
and Element, and 30 €4l be used 35 1Y other DOM Node could.

However, 1t twns out that the HTmL bindings are ravely used (at least direcily)
It's not because they aren’t useful, wstead, many tools have already been wntten
10 provide this sort of access through even more user fnendly tools XMLC, a
projéct within the Enhydra apphcauon server framework, 15 one such example
(located online at hip //xmic enkhydra org), and Cocoon, covered i Chapter 10, 1
another. These allow developers to work with HTML and web pages i a way that
doces not necessarily require even basic pOM knowledge, making st more access
ble 1, web designers and newer Java developers. The end result of usng these
100ls i1s that the HTML pOM butdings are rarely needed. But if you know about
them, you can use them if you need to. Addiuonally, you can use standard DOM
funcuonality on well formed HTML documents (XHTML), treanng elements as
Element nodes and attributes as Attr nodes. Even without the HTML bindings,
you can use DOM 10 work with ML, Piece of cake

0Odds and Ends

What's left 1y, pOM Level 2 besides these modules and namespace awareness? Very
httle, and you've probably already used most of it. The createDocument  and
createDocumentType methods are new to the DOMImplementation class, and
you ve used both of them, Addivonally, the getSystemId( and getPublicId(
methods used 1n the DOMSerializer class on the DocumentType interface are
also DOM Level 2 addmons. Other than that, there sn't much; a few new
DOMException error code constants, and that's about ¥ You can see the com
plete list of changes online at http /fumw w3 12000/REC-DOM Level 2 Core-
20001113/changes himi. The Test of the changes are the addinonal modules, one of

which I'll cover next.

DOy Level 3

Before closing the bock 9% DOM and looking *' common ggtchas, Till spend
litde ame letung YU know what's coming %5 DOM Level & which 1s underway
right now. In fact, I expect this speaificanon 10 be finabized early m 2002, not long
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For HTML, DOM provides a set of interfaces that model the various HTML
clements. For example, you can use the HIMLDocument class, the
HIMLAnchorElement, and the HIMLSelectElement (all in the org.w3e.dom.
html package) to represent their analogs in HTML (<HTML>, <A>, and <SELECT>
in this case). All of these provide convenience methods like setTitle() (on
HTMLDocument), setHref (] (on ETMLAnchorElement), and getOptions() (on
HIMLSelectElement). All of these extend core DOM structures like Document
and Element:, and so can be used as any other DOM Node could.

However, it turns out that the HTML bindings are rarely used (at least directy).
It's not because they aren’t useful: instead, many tools have already been written
to provide this sort of access through even more userfriendly tools. XMLC, a
project within the Enhydra application server framework, is one such example
(located online at hrep://xmlc.enhydra.ong), and Cocoon, covered in Chapter 10, is
another. These allow developers to work with HTML and web pages in a way that
does not necessarily require even basic DOM knowledge, making it more accessi-
ble to web designers and newer Java developers. The end result of using these
tools is that the HTML DOM bindings are rarely needed. But if you know about
them, you can use them if you need to. Additionally, you can use standard DOM
functionality on well-formed HTML documents (XHTML), treating elements as
Element nodes and attributes as Attr nodes. Even without the HTML bindings,
you can use DOM to work with HTML. Piece of cake.

Odds and Ends

‘What's left in DOM Level 2 besides these modules and namespace-awareness? Very
little, and you've probably already used most of it. The createDocument.(} and
createDocumentType () methods are new to the DOMImplementation class, and
you've used both of them. Additionally, the getSystemTd() and getPublicId(}
methods used in the DOMSerializer class on the DocumentType interface are
also DOM Level 2 additions. Other than that, there isn't much; a few new
DOMException error code constants, and that's about it, Yon can see the com-
plete list of changes online at Attp://uww.w3,00g/ TR/ 2000/ REC-DOM-Level-2-Core-

20001113/changes.html. The rest of the changes are the additional modules, one of
which I'll cover next.

DOM Level 3

Befiore closing the book on DOM and locking at common gotchas, I will spend a
little time letting you know what's coming in DOM Level 3, which is underway
right now. In fact, I expect this specification to be finalized early in 2002, not long
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(Figure-17): The result of word recognition using PERSHIA NEGAR software (Fig.14-C) A) de-warping using SEG method [8] B) de-

warping using SKEL method [14] C) de-warping using Shamgholi’s method
[20] D) the proposed method
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UsiNG ETHEREAL T0 READ STORED FuLL CONTENT DATA

Ethereal can read in a capture file via a command-line invocation, as shown here,

Figure 5.2 shows the result in the Ethereal graphical user interface (GUI).

ethereal -n -r end.ipc

Ethereal can also open a trace using the standard File—Open sequence loved by GUj
fans. We're going to ook at the em. Tpc trace and search for evidence of the DDoS aftadk
launched during the reference intrusion model in Chapter 4. Once the trace is loaded, y
must use a different filter syntax to focus our analysis efforts. To see traffic to or from
port 7793 UDP, for example, use udp.port == 7783 in the Filter field at the bottom of the
main window, as shown in Figure 5.3,

The output displayed in Figure 5.3 shows an odd UDP packet. The content of the
application data reads mstrean/172.27. 20. 2/10, followed by 0x0a. This is the command

sent from the Mstream DDoS master daemon ru nning on 172.27.20.5 to the Mstream
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(Figure -18): The result of proposed method A) Fig.14-B  B) Fig. 14-D
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(Figure -19): A part of image in Fig. 17-C, D Dusing A) Shamgholi’s method [20] B) the proposed method
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For HTML, IDOM prowides a set of mterfaces that model the vanous HIML elements.
For example, vou can use the HTINLDocument class, the HTMLAnchorElement,
and the HTMLSelectElement (all n the org.w3c.dom. html package) to represent
their analogs in HTML (<HTIME._ >, <A>, and <SELECT> in this case). All of these
provide convenience methods like setTitle ( ) (on HTMLDocument), setHref ( )
(on HTMLAnchorElement), and getOptions () (on HTMIL SelectElement). All
of these extend core DOM structures ike Document and Element, and so can be used

as any other DOM Node could.

However, it turns out that the HTML bindings are rarely used (at least directly).
It's not because they aren't useful; instead, many tools have already been wntten
to provide this sort of access through even more user-friendly tools. XMLC, a
project within the Enhydra applicattion server framework, 1s one such example
(located online at h#fp:/ /sem#k enbydra.org), and Cocoon, covered in Chapter 10, 1s

another. These allow developers to work with HTML and web pages in a way that
does not necessarily require even basic DOM knowledge, making it more accessi-
ble to web designers and newer Java developers. The end result of using these
tools 1s that the HTML DOM bindings are rarely needed. But if vou know about
them, you can use them 1f you need to. Additionally, you can use standard DOM

functionality on well-formed HTML documents (XHTML), treating elements as

Flement nodes and attributes as Attr nodes. Even without the HTML bindings,
you can use DOM to work with HTML. Piece of cake.

N

For HTML, DOM prowvides a set of interfaces that model the warious HTML
elements. For example, wou can use the HTMLDocument class, the
HTMLAnchorElement, and the HTMLSelectElement (all in the org .w3c .dom.
html package) to represent their analogs in HTML (<HTML>=, <A>, and
<SELECI> in this case). All of these provide convenience methods like setTitle

0 jon HTMLDocument), setHref |} ([on HTMLAnchorElement), and getOptions | )
[on HTMLSelectElement). All of these extend core DOM structures like
Document and Element, and so can be used as any other DOM Node could.
Howewver, it turns out that the HTML bindings are rarely used (at least directly).
It's not becanse they aren't naeful; instead, many tools have already been written
to provide this sort of acceass through even more user-friendly toola. XMLC, a
project within the Enhydra application server framework, is one smch example
(located online at hitp:/xmic.enbhydra.org), and Cocoon, covered in Chapter 10, is
another. These allow developers to work with HTML and web pages in a way that
does not necessarily regquire even basic DOM knowledge, making it more accessi-
ble to web designers and newer Java developers. The end result of using these
tools is that the HTML DOM bindings are rarely needed. But if vou know about
them, you can use them if vou need to. Additionally, you can use standard DOM
functionality on well-formed HTML documents (KX.HTML), treating elements as
Element nodes and attributes as Attr nodes. Even without the HTML bindings,

von can nse DOM to worl with HTML. Piece of cake.
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(Figure -20): OmniPage software Output on Fig 17-C,D using A) Shamgholi’s method [20] B) the proposed method ~
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