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Abstract
As sharing documents through the World Wide Web has been recently and constantly increasing, the need for creating
hyperdocuments to make them accessible and retrievable via the internet, in formats such as HTML and SGML/XML,
has also been rapidly rising. Nevertheless, only a few works have been done on the conversion of paper documents into
hyperdocuments. Moreover, most of these studies have concentrated on the direct conversion of single-column document
images that include only text and image objects. In this paper, we propose two methods for converting complex
multi-column document images into HTML documents, and a method for generating a structured table of contents page
based on the logical structure analysis of the document image. Experiments with various kinds of multi-column
document images show that, by using the proposed methods, their corresponding HTML documents can be generated in
the same visual layout as that of the document images, and their structured table of contents page can be also produced
with the hierarchically ordered section titles hyperlinked to the contents.  2001 Pattern Recognition Society.
Published by Elsevier Science Ltd. All rights reserved.
Keywords: Structured hyperdocument; Multi-column document; Document conversion; Document image understanding; Logical
structure analysis

1. Introduction
The growing popularity of the internet has been recently and continually increasing the demand to have
documents accessible and retrievable through the World
Wide Web, for the purpose of sharing them via the
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internet. Inevitably, this has given rise to the need for the
automatic conversion of paper document images, as well
as digital documents, into hyperdocuments.
As for the conversion of electronic documents into
hyperdocuments, many methods and commercial tools
have been developed and are now being used in real
applications. As for the conversion of paper documents,
however, only a few research works have been conducted.
Furthermore, these research works were primarily concerned with the conversion of single-column document
images, and the images have been limited to containing
only text and image objects [1}3]. Unfortunately, an
automatic conversion of complex and various multicolumn document images has not been dealt with, but
the necessity of representing such documents in the form
of hyperdocuments is continuously increasing.
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Fig. 1. Overall process of the proposed method.

In this paper, we propose two methods that convert
multi-column document images into HTML documents;
one is implemented using the table structure and the
other using their layer structure. We also suggest
a method for generating a table of contents (ToC) page
through a logical structure analysis (logical labeling)
[4}7]. Fig. 1 illustrates the overall process of the automatic generation of the structured hyperdocuments from
multi-column document images.
In the process, geometrical and logical structure analysis are performed on multi-column document images. In
the geometrical structure analysis, it classi"es all objects
in the input document images into image, table, and text
object. After character recognition, logical structure
analysis provides labels such as section title, caption,
page number, header, footer, etc., to the text objects. The
proposed methods are then applied to the result of the
structure analysis. In converting multi-column document
images into hyperdocuments, it is desirable for the screen
display of the hyperdocuments to be consistent with the
layout of the paper document images, so as to preserve
their logical #ow and appearance. To do so, we use the
table and layer structure for the conversion stage. Finally, for generating a structured table of contents page,
only the section titles from text objects are extracted and
ordered hierarchically. The generated table of contents
page provides the logical #ow of the input documents
and hyperlinks to the corresponding contents.

Although tags in HTML are much more limited in
availability and representation than those of XML or
SGML, HTML provides a convenient way for the sharing and retrieving of various and complex document
images through the internet, after they are automatically
converted into their corresponding structured hyperdocuments in HTML.
This paper is organized as follows: In Section 2, we
review the previous works related to the conversion of
document images into HTML documents and to the
logical structure analysis of document images. In Section
3, we describe two proposed conversion methods of multicolumn document images. In Section 4, we describe
how to generate a table of contents page by extracting
section titles from the text objects. In Section 5, experimental results on various kinds of complex multi-column
document images are analyzed to evaluate the performance of the proposed conversion method. Finally, conclusions and further studies are given in Section 6.

2. Related works
In order to convert paper document images into hyperdocuments, document structure analysis (geometrical
structure analysis and logical structure analysis) must be
performed. Geometrical structure analysis generally classi"es homogeneous regions in a document image into
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Table 1
A brief comparison of previous works and the proposed method
Year

Tanaka et al. [1]
Kieninger et al. [2]
Worring et al. [3]
Faure [4]
The proposed method

1998
1998
1999
1999
2000

Features
Table object

Multi-column

ToC generation

Hyperlink

O
O
X
X
O

X
X
X
X
O

X
X
O
O
O

X
X
O
X
O

text, image, and table objects. Logical structure analysis
labels the objects with respect to their logical senses and
establishes the relationship among the objects (classi"ed
as texts, images and tables).
In the generation of a structured table of contents
page, many approaches to logical structure analysis have
utilized the geometrical information (location, size, type)
of objects, in order to label them as header, footer, caption, page number, title, and so on [5,7,8].
Lin et al. [6] analyzed a table of contents page for
representing the correct logical structure of an entire
documents of book. However, it is di$cult to analyze the
logical structure of documents correctly without a table
of contents page. It is also hard to "nd exact chapters or
section titles in case that there exist many misrecognized
numbers.
Ishitani [7] de"ned each line in text objects and then
logically labeled them as title, list, formula, paragraph,
etc., by segmenting or grouping them.
Faure [4] extracted a list of "rst-order headings
from input document images by detecting and sorting
capitalized headings, numbered headings, and key
headings (headings containing keywords). This
method has demerits in that it depends on the accuracy
of character recognition and it considers only "rst-order
headings.
To date, there has been only limited research on the
conversion of paper documents into hyperdocuments.
Tanaka and Tsuruoka [1] proposed a new method for
converting table objects to hyperdocuments. In this
method, nodes and corners are de"ned, and a node
property matrix of a real table object is constructed.
A node type is decided and the appropriate tags are
inserted in the HTML document according to the node
property matrix. This method takes much time, since this
method tries to match the node with all possible nodes
de"ned in the matrix.
Kieninger and Dengel [2] proposed a table conversion
method based on the cell shapes of a table object. This
method is very much restricted by the varieties of cell
shapes in a table.

Kochi and Saitoh [9] described a method that correctly names objects in a document on the intervention
of a user for some "xed labels, and generated a HTML
document using this information.
Worring and Smeulders [3] implemented a system
that converts a manual consisting only of image and text
objects into its corresponding hyperdocuments. This system provides a user friendly interface with "gures, texts,
a list of "gures and a table of contents. It also establishes
hyperlinks to proper text in the contents, to a "gure or
a text in the "gure. However, the visual frame of the
converted hyperdocument is quite di!erent from that of
the original manual.
Table 1 illustrates a brief comparison of previous
works and the proposed method on the conversion of
document images into hyperdocuments. As seen in Table
1, our system supports all 4 features, while in the conventional methods the transformation is limited to only
a few objects.

3. HTML conversion of multi-column document images
We propose two methods to convert multi-column
document images into hyperdocuments; one is based on
the table structure and the other is based on the layer
structure.
3.1. An approach based on the table structure
As a result of the geometrical structure analysis, a
document image is divided into several kinds of objects,
each of which is classi"ed as text, image, or a table object.
It is very easy to represent text and image objects by
inserting simple tags in an HTML document without any
specialized operations. On the other hand, table objects,
having various formats, need some manipulations for
conversion.
We propose a new algorithm for converting table
objects in a paper document image into table objects in
HTML format and applying this to the conversion of
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Fig. 2. Conversion procedure based on the table structure.

a multi-column document image into a hyperdocument
as it is. In doing so, we split and/or merge, if necessary,
the objects of the document image, so as to change them
to a format convertible into an HTML document.
Fig. 2 shows the overall conversion procedure based on
the table structure.
3.1.1. Text object splitting
Among the classi"ed objects, image and table objects
are no longer split. However, text objects need to be split.
Later, in order to create a table of contents or change
a document image into a table structure, when a set of
text objects with di!erent meanings has been classi"ed as
one text object during the geometrical structure analysis,
it is necessary for the text object to be split into individual
meaningful objects.
In general, a text object is labeled as one of the following: a section title, text body, caption, header, footer, page
number and so on. For our purpose, we consider only
section title, text body and page number among them,
because they are su$cient for building a structured table
of contents.
Initially, we classify the lines in a text object into four
types, as follows:
Let TL be the current text line and TO be a text
object that includes TL.
Let also th be the font size of TL, which is used as
a threshold here.
(1) If (¹¸ !¹O 'th) and (¹¸ !¹O (th),
QV
QV
CV
CV
then TL is de"ned as Indented Line (IL).
(2) If (¹¸ !¹O (th) and (¹¸ !¹O 'th),
QV
QV
CV
CV
then TL is de"ned as Entered Line (EL).
(3) If (¹¸ !¹O 'th) and (¹¸ !¹O 'th),
QV
QV
CV
CV
then TL is de"ned as New Line (NeL).
(4) If (¹¸ !¹O (th) and (¹¸ !¹O (th),
QV
QV
CV
CV
then TL is de"ned as Normal Line (NoL).

Fig. 3. An example of splitting a text object. (a) A text with line
lables. (b) Split text objects.

A text object can be split according to the arrangement
of the text lines de"ned above. The font size used as
a threshold is the value obtained after OCR recognition.
Initially, the line right above the starting line of the text
objects is set to EL. As shown in Fig. 3(a), when a text line
in a text object is of any type starting with a special
pattern and its previous line is of EL type, it is split from
the text object as another text object regarded as a section title candidate. The objects above and below the
section title candidate, then, are moved further apart
from it, as shown in Fig. 3(b). The special pattern means
that the pattern is in the form of [(number or text)
#symbol(including space)]. Using this pattern, we can
extract the section title candidates without regard to the
accuracy of character recognition. This is achieved by
considering the starting character of a text line as a text
as well as a number by way of provisions against misrecognition of a number as a text.
3.1.2. Object merging
To have the (split) objects "t into a virtual table format, we merge them and modify their coordinates.
Fig. 4 illustrates the merging stage of text objects. First,
we divide a document image horizontally into regions
where the value of a horizontal projection pro"le is zero.
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then O and O exist in the same row and O has
G
H
G
priority over O .
H
(2) If y2* and y2* satisfy
G
H
y2*!y2*'th and y2*(y2*, i, j"1,2, n,
G
H
G
H
then O and O exist in di!erent rows and
G
H
O has priority over O .
G
H
In comparison of the top and leftmost y coordinates of
two objects, if the absolute di!erence between the two
values is equal to or smaller than the threshold, the two
objects exist in the same row. At this time, the object
whose leftmost x coordinate is smaller has priority over
the other. On the contrary, if the absolute di!erence
between the two values is larger than the threshold, the
two objects exist in di!erent rows. At this time, the object
whose top y coordinate is smaller has priority over the
other. In this way, we can rearrange objects in a table
format representable on web browsers.
Fig. 5 shows the result images of each stage of the table
structure-based approach.

Fig. 4. Flowchart for merging text objects.

Second, for each of the horizontally divided regions, we
divide it vertically where the value of a vertical projection
pro"le is zero. Finally, from left to right and from top to
bottom, object merging takes place in each region.
When the objects in a column are all text, they are
merged into one text object. Otherwise, a virtual segmenting line is drawn in the middle between a horizontal
white run in the current column and its closest one in the
left column, and the objects lying on the segmenting line
are moved above or below it.

3.1.4. Table-to-HTML conversion algorithm
In this section, we describe the proposed table-toHTML conversion algorithm. The algorithm converts
not only a table object in a document image into that of
its HTML document, but also a multi-column document
image into its corresponding HTML document, by considering it as a table object as a whole. Therefore, we can
convert table objects and multi-column document images into HTML documents using the same algorithm.
For (i"0; i(Row ; i#
#) 
,
r"i;
For ( j"0; j(Column ; j#
#) 
,
l"j;
If (Cell[r][l] and Cell[r][l] "
"1) 
2
*
Colspan"Rowspan"1; // initialization
While (Cell[r][l] !"1)  Colspan#
#; l#
#; 
0
While (Cell[r][l] !"1)  Rowspan##; r#
#; 





3.1.3. Virtual table generation and object ordering
A virtual table is created in the merging stage, with
each of the split and/or merged objects regarded as a cell
of the table. The objects are arranged in the order that
the cells of a table object are created in an HTML
document.
The criteria for the arrangement of objects are as
follows:
Let O and O be the ith and jth objects, respectively.
G
H
Let x2* and y2* be the top and leftmost x and y coordiG
G
nates of the O .
G
(1) If y2*, y2*, O and O satisfy
G
H
G
H
y2*!y2*("th and x2*(x2*, i, j"1,2, n,
G
H
G
H

Cell[i][j] , Cell[i][j] , Cell[i][j] and Cell[i][j] are
2
*
0
the top, bottom, left and right lines of the cell, located
in the ith row and the jth column of a table, respectively.
Row and Column are the number of rows and the
,
,
number of columns of a table, respectively. While each
cell is checked from left to right and from top to bottom,
tagging is performed.
If the top and left line values of the current cell are all
one (1: real line, 0: virtual line; see Fig. 6), the right and
bottom line values are checked. Colspan is the number of
the cells inspected rightward until the cell's right value is
one. Rowspan is the number of the cells inspected downward until the cell's bottom value is one. When Colspan
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Fig. 5. Result images of each conversion stage based on table structure. (a) Original document. (b) Splitting and merging. (c) Virtual
table generation. (d) Object ordering.
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Fig. 6. The real line (solid line) and virtual line (dotted line) of
the table.

and Rowspan are initialized, we insert TR TD tags if
a new row starts; otherwise, we insert only a TD tag. In
this way, when the processing on the last cell of the table
is completed, the input multi-column document image is
converted into its corresponding HTML document by
table-to-HTML algorithm.
3.2. An approach based on the layer structure
In this section, we use the layer structure for the
conversion of multi-column document images. A layer
tag is one of the dynamic HTML(D-HTML) functions,
which is supported by Explorer and Netscape browsers
of version 4.0 or higher. Since a layer can be described as
a container for any HTML elements, it serves well for texts,
images, tables, plug-ins, other layers, and so on. Moreover,
their arrangement is #exible. Owing to these properties of
the layer structure, we are able to represent a hyperdocument on a browser, having a strong resemblance to the
original complex multi-column document image.
Fig. 7 shows the overall conversion procedure based
on the layer structure.
3.2.1. Object resizing
In order to have the converted HTML document "t
into the screen's size regardless of the size of the input
document, the objects in the image need to be resized in
a constant rate before conversion.
When the size of the browser on which the hyperdocument is represented is maximized, it can be regarded as
the width resolution of the user's screen. Then, the conversion rate (CR) for resizing can be de"ned as the ratio
of the width of the input paper image (P ) to the width
U
resolution of the user's screen (S ) as given below:
U
CR"P /S .
U U
This conversion rate (CR) is also applied to font size
and line space as follows:
E OM "O ;CR, where O and OM are the font sizes
DQ
DQ
DQ
DQ
of a text object and its resized object, respectively.
E OM "(OM !OM ;¹¸ )/(¹¸ !1), where OM , OM , and
JQ
F
DQ
L
L
JQ F
¹¸ are the resized line space, the height of a text
L
object, and the number of the lines in the text object,
respectively.

Fig. 7. Conversion procedure based on the layer structure.
Table 2
General properties of a layer tag
Property and attribute

Description

ID

Designates identi"cation handle or
name of layer
Decides absolute or relative coordinates of layers
Represents left, top, width, and height
values of layer
Decides visible area of layer
Hides or shows layer
Designates an order of piling layers

Position
Left, top, width, height
Clip
Visibility
Z-index

It is very important to convert font size and line space
of a paper document image into those of its HTML
correctly, otherwise, objects can be overlapped or the
sizes of spaces between objects can be much di!erent
from one another.
3.2.2. Extracting the structural properties of text objects
For more exact conversion, we must derive concrete
properties of the objects. Table 2 shows some of the
properties of the layer tag. Among them, we need the
position, left, top, width, and height information, because
they are su$cient for extracting various properties of
a text object*alignment, indentation, line space, entered
line, etc.
As a result of the geometrical structure analysis, we
already know the starting and ending x and y coordinates of the objects and the font sizes of the text objects.
Using such physical information, we classi"ed lines of
a text object as Indented Line, Entered Line, New Line
and Normal Line, in Section 3.1.1. We can represent
various kinds of text lines by inserting appropriate tags
into an HTML document according to their types as
shown below.
Let TL be the current text line.
(1) If TL is Indented Line (IL),
then `text!indent : N;a is inserted to the
HTML document.
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(2) If TL is Entered Line (EL),
then `BRa tag is inserted to the HTML
document.
(3) If TL is New Line (NeL),
then `text!indent : N;a and `BRa tags are
inserted to the HTML document.

3.2.3. Automatic tagging
Tagging is done automatically in the process of acquiring the properties of the objects. The original document
image is shown in Fig. 8(a) and the HTML document
code generated through conversion based on the table
structure in Fig. 8(b) and the HTML document code

Fig. 8. Comparison of converted HTML document codes. (a) Original document image. (b) The converted HTML document using the
table structure. (c) The converted HTML document using the layer structure.
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Fig. 8. (Continued).

generated through conversion based on the layer structure in Fig. 8(c).
4. Generation of a structured hyperdocument based on
logical structure analysis
In this section, we choose many related papers as
input, and automatically generate a table of contents
page by extracting section titles from the input images
and arranging them with respect to their hierarchical
relation.
Since HTML tags are very limited in availability and
representation, it is di$cult to fully express enough

meaningful information of objects in a document image
to HTML format. For that reason, the creation of a table
of contents page is very worthwhile work, which provides
a clear overview of the input document images and o!ers
hyperlinks to the contents.
Fig. 9 shows the logical structure of a general technical
paper. We generate the table of contents page of a technical paper that includes various objects and has a wellformatted structure.
To create a table of contents page, an initial logical
structure analysis (or logical labeling) of the document
images is required. It labels the objects in the document
images with logical units (section number, page number,
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Fig. 8. (Continued).

caption, header, footer, etc.) according to the role they
play in the documents, and speci"es the relationship
among the units. we extract only section titles and page
numbers among the logical units.
Fig. 10 shows the procedure for the generation of a
structured table of contents hyperdocument.
4.1. Section title candidate extraction
As shown in Fig. 9, a general technical paper consists
of N related pages, each with page number, header,
footer, table, image, text body, section title, etc. It is

natural that the "rst page contains the title and abstract
of the technical paper, and the last page contains the list
of references generally.
For the generation of a table of contents, "rst, we
extract section title candidates from text objects, referring
to text line types de"ned in Section 3.1.1. These text
objects were already recognized by the character recognition engine. When current text line is of any type starting
with the special pattern mentioned before and the previous line is of EL type, the current line is regarded as
a section title candidate. Fig. 11 shows an example of
a section title candidate and its special pattern.

J.-Y. Lee et al. / Pattern Recognition 35 (2002) 485}503
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Fig. 9. Logical structure of a general technical paper.

A sequence of non-negative numbers and symbols in
a section title candidate represents a section number,
followed by a series of (!1)'s which represents its section
title text. A symbol is denoted as a dot or a space in the
"gure. In a section number, each symbol separates levels
of a section number with the leftmost level being the
highest level. Starting at the highest level, all section title
candidates are sorted by section number in ascending
order at each level.
4.3. Verixcation

Fig. 10. A procedure for a structured ToC page generation.

Next, we choose a text object in each input document
image as a page number if it satis"es the conditions given
below:
E It is the topmost or bottommost text object in a document image.
E It consists of only one line.
E Its width is smaller than the value,  ; font size,
where  is an arbitrary positive integer.

Fig. 13 shows the hierarchical structure tree of the
section numbers. The section numbers at each level are
searched for any missing or inappropriate section numbers, which are then adjusted using the hierarchical tree.
In addition, their suitability is veri"ed. Since the section
titles should have the same physical and logical information (font style, font size, page number, line space), such
information is utilized in adjustment and veri"cation. An
example of the physical and logical information on section title candidates is shown in Fig. 14.
If there is a section title candidate with an improper
section number, that is, a section number is out of sequence, the information on the candidate is compared
with that of the candidates at the higher or lower level. If
they match, the candidate is moved to the level and all the
candidates at the level are checked again. If no match occurs,
the candidate may be unsuitable and is thereby removed.

4.2. Section number sorting

4.4. Section title arrangement

In this section, we sort the extracted section title candidates by section number in ascending order at each level.
To do so, we modify the pattern of a section number as
shown in Fig. 12(b).

In this section, we arrange section titles hierarchically
in a table of contents page. Each section title is sequentially inserted in the page with UL and /UL are
added to the front and the end of the section title,
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Fig. 11. An example of a section title candidate and its special pattern.

Fig. 12. Modi"cation of the pattern for sorting. (a) Section title candidates. (b) The modi"ed pattern.

Fig. 13. Hierarchical structure of section numbers.

respectively, as many times as the number of the symbols
(except spaces) in the pattern of the section number.

5. Experimental results and analysis
5.1. Experimental environment
The proposed methods were implemented on Pentium
MMX 166 MHz PC. Experiments on HTML conversion

Fig. 14. Physical and logical information of section title
candidates.

were carried out with 300 document images taken from
magazines, newspapers, books, scienti"c and technical
journals, manuals, and UWDB (the database of
University of Washington) [10]. Generation of a table of
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contents page was tested on images of technical papers
which are collected from proceedings of scienti"c conferences and journals.
5.2. Experimental results
Figs. 15}17 show the converted example images using
the table and layer structure. As a result of using these
two approaches on various document images, HTML
documents are generated very similar to the original
document images both in appearance and logic, as shown
in Fig. 15.
In case of the conversion based on the table structure,
the sizes of spaces between the objects in the converted
HTML document may be considerably di!erent from
one another. This is because the objects have been
merged for arrangement in a table format convertible
into an HTML document. Besides, an object lying across
columns cannot be represented, although a partial overlap of objects in a column can be avoided. Therefore, the
conversion based on the table structure is adequate for
conversion of formatted document images like general
books and technical papers. On the other hand, in the
case of using the layer structure, the conversion of complex and unformatted multi-column document images
(i.e., documents without regular layout or structure, like
magazines, advertisements, etc.), is performed well. However, when the font size or line space of a text object is
incorrectly calculated, several objects may be overlapped
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and the spaces between the objects may also become
larger or smaller than those of the objects in the original
image.
As shown in Fig. 16, the document image is converted
better using the table structure than using the layer
structure. Note that in Fig. 16(c), text objects are overlapped when the layer structure used. The document image
shown in Fig. 17 is converted better using the layer
structure than using the table structure. Note that the
size of space between objects is considerably di!erent
from one another, in Fig. 17(b) when the table structure
used.
Fig. 18 shows a structured table of contents page
created while converting the input document images.
Section titles are arranged hierarchically. Each section
title is hyperlinked to the beginning of the section and has
its page number.
Table 3 shows the experimental result of extracting
section titles from di!erent kinds of paper images. For
the table of contents generation, we experimented with
objects of the documents which have a lot of section
titles. N , N and N denote the number of section
A
DL
DN
titles correctly extracted, false negatives, and false positives, respectively. In X/Y representation of N , X and
A
Y denote the number of the correctly extracted section
titles and the total number of the section titles in the
input documents, respectively. As shown in Table 3, a
table of contents page was generated with accuracy of
about 90%.

Fig. 15. Example 1 * conversion of multi-column document image. (a) Original document image. (b) The generated hyperdocument
using table structure. (c) The generated hyperdocument using layer structure.
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Fig. 15. (Continued).
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Fig. 16. Example 2 * conversion of multi-column document image. (a) Original document image. (b) Hyperdocument based on table
structure. (c) Hyperdocument based on layer structure.
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Fig. 17. Example 3 * conversion of multi-column document image. (a) Original document image. (b) Hyperdocument based on table
structure. (c) Hyperdocument based on layer structure.
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Fig. 18. An example of a structured table of contents page generation. (a) Input document images. (b) Table of contents page.

6. Conclusions and further research
Table 3
Results of section title extraction
Papers

Section title extraction
N
DL

N
DN

N
A
134/158 (85%)
142/158 (90%)

Journal

PR
PAMI

20
19

13
11

Conference

ICPR
ICDAR

8
7

7
8

65/71 (92%)
65/73 (89%)

Pattern Recognition, Vol. 30, No. 12, 1998, pp. 1849}1864,
and Vol. 31, No. 4, 1998.
IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol. 20, No. 12, 1998.
Proc. of International Conference on Pattern Recognition,
1998, pp. 949}984.
Proc. of International Conference on Document Analysis and
Recognition, 1997, pp. 1}50.

In this paper, we proposed two methods * one using
the table structure and the other using the layer structure * converting multi-column document images into
HTML documents and also proposed a method for
generating a structured table of contents page by extracting the section titles from input document images.
For the conversion of each paper image into its hyperdocument, the proposed conversion methods were tested
on various kinds of complex multi-column document
images. Experimental results revealed that the proposed
methods performed well. However, they showed di!erent
performance on di!erent types of document images.
Hence, a scheme is needed to determine which one of the
conversion methods should be applied for better performance when document images are given, for further
research.
For the generation of a structured table of contents
page, experiments were carried out on technical papers.
Experimental results showed that, using the proposed
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table of contents generation method, we could create
a table of contents page by extracting the section titles
from input document images without regard to the accuracy of character recognition.
The performance of the proposed methods still depends
on the result of character recognition and the geometric
layout analysis of input document images. Therefore, the
methods must be improved to perform well regardless of
the result of preprocessing of the conversion.
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