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Abstract

This paper proposes a new method for document trans-
formation using OCR to generate various XML documents
from printed documents. The proposed method adopts a hi-
erarchical transformation strategy based on a pivot XML
document. Firstly, document elements such as title, au-
thors, abstract, headings, paragraphs, lists, captions, ta-
bles and figures are extracted from document images. Sec-
ondly, the hierarchical structure of document elements is
extracted and is described using a DOM tree. Thirdly, this
document structure is converted into a pivot XML document
described as an XHTML document by an XML parser. Fi-
nally, this pivot XML document is transformed into the tar-
get XML document by the XML parser with XSLT scripts or
specific programs. Experimental results show the method is
effective in transforming printed documents to various XML
documents.

1. Introduction

XML (eXtensible Markup Language) is a standard lan-
guage for defining structured documents of text-based data,
and XML technologies are the framework for data transac-
tions such as data management, data exchange, data con-
version, data collection, and data distribution. XML tech-
nologies have come into widespread use recently in e-
commerce, e-government, e-books/e-publishing, digital li-
braries, and knowledge management. Consequently, an
enormous amount of printed documents needs to be con-
verted to XML documents for use in the above fields.

If an article consisting of several pages is transformed
into an XML document, the hierarchical document structure
must be extracted from document elements such as the title,
authors, abstract, headings, paragraphs, lists, captions, ta-
bles and figures in the input document. In this case, parts of
the document structure such as hierarchical list structures,
hierarchical chapter/section structures, front matter, main
matter, or back matter, which lie across two or more pages,
must be extracted and represented as substructures in the

whole document structure. In addition, floating elements
such as figures or tables, which are inserted between text
lines due to page layout restrictions, must be arranged in or-
der in the document structure. Finally, this document struc-
ture is transformed into a target XML document in accor-
dance with a specified DTD (Document Type Definition).

Several attempts to develop a document analysis method
such as reading order detection [1, 13], logical object ex-
traction (document element extraction) [10], automatic hy-
pertext linking [11, 14], and XML formatting [2] have been
reported. However, none of the prior methods were able to
transform printed documents into various XML documents
defined by existing DTDs for utilizing these documents in
the above fields.
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Figure 1. Hierarchical document transforma-
tion based on pivot XML document

In this paper, the author proposes a new document trans-
formation system for application in the above fields for
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transforming printed documents to XML documents. To
generate various XML documents from printed documents,
the proposed system adopts a hierarchical transformation
strategy based on a pivot XML document as shown in Fig.
1. The proposed system extracts the hierarchical structure
of document elements from various printed documents (Fig.
1 (b)) and describes it as the pivot XML document (Fig. 1
(c)). This pivot XML document handles various document
contents according to its powerful expressivities. Further-
more, the system transforms this pivot XML document into
various XML documents (Fig. 1 (d)) by an XML parser us-
ing XSLT (XSL Transformations) scripts or specified pro-
grams.

In the next section, details of the method will be dis-
cussed. Following that, experimental results that demon-
strate the effectiveness of the proposed method will be pre-
sented.

2. System overview

In this section, the proposed document transformation
system shown in Fig. 2 is outlined. This system con-
sists of document imaging, document image analysis, doc-
ument structure analysis and XML document transforma-
tion. First, document imaging process converts printed doc-
uments into document images using a scanner. Next, the
document image analysis process extracts a set of docu-
ment elements from these document images. After that, the
document structure analysis constructs a hierarchical struc-
ture of document elements extracted from the input images.
Finally, the XML document transformation converts this
hierarchical structure of document elements into the pivot
XML document based on XHTML (eXtensible HyperText
Markup Language). This process also transforms the pivot
XML document into a target XML document according to
a specified DTD using XSLT scripts or programs.

| Document imaging |

Document image analysis
- Skew normalization
- Layout analysis with OCR
- Logical object extraction
- Model-based document understanding
v
Document structure analysis
- Reading order determination
- Hierarchical structure extraction
v
XML document transformation
- Pivot XML transformation
- Target XML transformation

Document
Models

XSLT scripts
Programs

Figure 2. Document transformation system

3. Document image analysis

The document image analysis consists of skew normal-
ization [5], layout analysis [8], logical object extraction [6],
and model-based document understanding [7, 9]. First, the
skew normalization corrects the document skew of input
images induced by the document imaging. Next, the lay-
out analysis extracts layout objects from the input images
such as text regions, table regions, graphic regions, and pic-
ture regions. This process also extracts text lines from each
text region and converts each text line into a set of character
codes by OCR [3, 4]. Next, the logical object extraction ex-
tracts general document elements from these layout objects,
such as section titles, paragraphs, lists, notes, tables, figures,
captions, formulas, headers and footers. The model-based
document understanding extracts and identifies typical doc-
ument elements using document models, such as title, au-
thors, date, abstract, and acknowledgements from the lay-
out objects as shown in Fig. 3. Figure 3 shows an example
of the document image analysis obtained from a technical
paper in the “Toshiba Review”. As a result, each document
element is described by its geometric features with its own
logical label.
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Figure 3. An example of document image
analysis

4. Document structure analysis

The document structure analysis determines the reading
order of the document elements and extracts the hierarchical
structure of the document elements. In this section, details
of the document structure analysis are discussed.

4.1. Reading order determination for document el-
ements

The document structure analysis adopts a hierarchical
XY-cut approach to determine the reading order of the doc-
ument elements in the input document. The basic idea of
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the XY-cut approach was proposed by Nagy [12] for docu-
ment layout analysis. In this approach, an X/Y-cut means a
horizontal/vertical partitioning of the input image. The pro-
posed system improves this XY-cut approach to determine
the reading order of document elements for various printed
documents.

First, the proposed approach merges document elements
into groups, which satisfy the following conditions.

Condition 1. The positional relationship between the
two objects is adjacent. This geometric relationship be-
tween two objects is defined mathematically in reference
[8].

Condition 2. The two objects have the same text line
orientation.

Condition 3. The distance between the two objects is
less than the threshold th1l. How to calculate the distance
between two objects is defined mathematically in reference

[8].
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Figure 4. Global XY-cut for reading order de-
termination

In Fig. 4, this grouping process extracts a title group,
two author groups, an abstract group, two section groups,
a figure group, and a footer group from the technical paper
shown in Fig. 3. After that, a recursive XY-cut process is
applied to these groups to detect ordered divisions as shown
in Fig. 4. In this case, X-cuts 1-4 and Y-cuts 1,2 gener-
ate Divisions 1-8. Next, a local XY-cut process is applied
to each ordered division to extract local divisions in each
group, as shown in Fig. 5 (a). In this XY-cut process, docu-
ment elements whose text lines are vertical are ordered from
right to left for Japanese styles (Fig. 6). This approach is
able to group document elements hierarchically and deter-
mine the cut direction adaptively in the hierarchical parti-
tioning. This hierarchical XY-cut approach is effective in
avoiding global partitioning errors between sequential doc-

ument elements in local divisions.

If each local division has one document element, this lo-
cal XY-cut process terminates successfully. On the other
hand, if a division has more than one document element
(Fig. 6 (a)), this division must be divided into smaller di-
visions to obtain the correct reading order of the document
elements. In this case, the document element (e.g. element
A in Fig. 6), which prevents a recursive XY-cut process,
is eliminated from such a division (Fig. 6 (b)). This is re-
peated until the XY-cut process is successful. After this,
such eliminated elements are inserted into adequate local
divisions to detect the serial order of the elements (Fig. 6
().

Finally, this hierarchical XY-cut process determines the
perfect serial reading order of the document elements by
arranging local divisions according to the order of global
divisions (Fig. 5 (b)). Furthermore, this process determines
the serial reading order of the document elements according
to the order of pages.
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Figure 5. Local XY-cut for reading order de-
termination
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Figure 6. An example of an exceptional XY-cut

4.2. Hierarchical structure extraction from docu-
ment elements

The document structure analysis also adopts a hierarchi-
cal tree transformation approach to extract the hierarchi-
cal structure of document elements that are arranged in the
reading order. First, a tree structure of document elements
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is constructed according to the reading order of the docu-
ment elements from the input document images as shown
in Fig. 7 (a). Figure 7 shows an example of the tree struc-
ture extracted from the document elements shown in Fig.
5.

Next, the groups of document elements are extracted in
order to make sub-trees in the global tree structure such as
figure groups, table groups, list groups, title groups, author
groups, chapter/section groups, header groups, and footer
groups. In Fig 7 (b), a title group, an author group, an
abstract group, two section groups, a figure group, and a
footer group are extracted and are converted into sub-trees
in the global tree structure. In this case, the section sub-
tree, which consists of a section title, three paragraphs, and
a figure sub-tree, is extracted by grouping elements between
section titles of the same level. If one section group includes
lower level section groups, the above grouping process is
applied to document elements recursively to construct a hi-
erarchical sub-tree. In this approach, a header group and a
footer group in each page are eliminated from the tree struc-
ture in order to construct the global document structure from
several pages.

After that, a front matter sub-tree, which consists of the
title sub-tree, the author sub-tree, and the abstract sub-tree,
is generated in the global tree, as shown in Fig. 7 (c). A
main matter sub-tree consisting of chapter/section groups
and a back matter sub-tree consisting of acknowledgements,
appendixes, and references are also generated in the global
tree structure in a similar way, as shown in Fig. 7 (c).

document document document
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—author —author group main title, sub title
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-caption figure, caption paragraph, .
-section title -section group figure group
paragraph section title, figure, caption
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Figure 7. Hierarchical tree transformation

If a sequence of lists has a hierarchical structure as
shown in Fig. 8 (a), these lists are converted into a hier-
archical sub-tree.

If one paragraph, which lies across two columns in a

page, is divided into two pieces (e.g. P2 and P3 in Fig. 8
(b)) and the figure group consisting of a figure and its cap-
tion is inserted between these pieces due to the page layout,
this figure group is moved to the end of the section group
(Fig. 8 (b)). After that, these divided pieces are merged into
one paragraph in the hierarchical document structure.

If an input image has a table, cells (e.g. A-F in Fig.
8 (c)) are extracted from the table and rows (e.g. rowl—
3 in Fig. 8 (c)) are constructed from cells. A hierarchical
table structure is constructed from these components and is
converted into a sub-tree in the whole document structure

(Fig. 8 (c)).
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Figure 8. Examples of document structure
analysis

5. XML document transformation

The basic framework of the XML document transfor-
mation is introduced in this section. The XML document
transformation consists of a pivot XML transformation and
a target XML transformation.

The pivot XML transformation process describes the
hierarchical document structure extracted by the docu-
ment structure analysis as the DOM (Document Object
Model), an application programming interface (API) for
HTML/XML documents. In this process, general docu-
ment elements and their structure are represented using
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