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ABSTRACT

This paper presents a database construction method
from journal content images focusing on the logical struc-
ture construction. In this paper, we propose a variant
of the regular expression to represent a logical structure
and layout of the document. This expression is extended
in order to analyze tokens located in a plane. We also
discuss the systematic definition of the extended regu-
lar expression from the schema of nested relation that
stores the contents of journals.

1 INTRODUCTION

Recently many studies have been done on the infor-
mation extraction from documents. As a result, many
document processing methods are proposed and applied
to various kinds of documents such as office documents
(1], newspapers [2], business cards [3] and so on. There
seems to be two approaches for the document process-
ing. One is based on the numerical-valued features of
the document images. In this approach, the logical
structure and layout of documents are implicitly defined
in the algorithms [4, 5. The other is the knowledge-
directed approach in which several kinds of rules are
used with numerical-value based algorithms [6, 7]. We
discuss a database construction method from journal
content images focusing on the logical structure con-
struction. Knowledge is indispensable to analyze jour-
nal contents because the layout of the contents are much
different depending on the journals. Therefore, we adopt
the knowledge-directed approach,

A database schema represents a logical structure of
data. Generally, database models have sufficient power
to define the structure of various kinds of data. We use
database schema as the logical structure of the objective
documents. In our approach, knowledge is represented
in a kind of regular expression that is constructed from
the database schema by adding the layout information.
This approach has the following advantages.

e The structure definition ability of the expression is
expected to be as powerful as the adopted database
model. Therefore, the expression can be applied
to various kinds of documents.
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e Since the logical structure has already been de-
fined as the database schema, the users have only
to add the layout information to the schema. This
reduces the user's work on knowledge definition.

¢ The generated structure is directly mapped to the
database data.

As for the journal content, we use the nested relational
database model [8]. In this paper, we first overviews
our numerical-value based processes, then shows the ex-
tended regular expression and parser for it.

2 PRECEDENT PROCESSES

Main roles of document processing systems are to

1. extract segments from document images that cor-
respond to logical units of the documents,

2. classify the segments into classes and
3. construct the logical structure of the documents.

From the database construction point of view, the seg-
ment, the class and the logical structure correspond to
attribute value, attribute and schema, respectively.

Ordinal relation of the relational model is viewed
as a simple table in which the attribute value must be
atomic. The schema of relations is defined as a set of
attribute names. The nested relational database has
recursive schema in which the attribute value can be
any of atomic value, tuple and relation. The recursive
schema of the nested relation is represented with a tree
structure like fig.1 that represents a logical structure of
contents of a journal. A content corresponds to a tuple
of the nested relation.

For the purpose of the database construction, we
need to decompose content images in the level of atomic
attribute values and classify them into the class of the
attributes. This section overviews our approach to the
segmentation and the classification of journal contents.

Segmentation In this process, rectangular segments
shown in fig.2 are extracted. Then these segments are
ordered as much as possible. In the ordinal documents,
logical units of the document are naturally ordered in
the left-upper to right-bottom direction. However, some
journals have complicated layouts and it is difficult to
order the segments uniquely. We represent a document
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Title

Figure 1: Schema of a Nested Relation

page with a recursive matrix whose components are a
segment or a recursive matrix and whose columns and
rows are separated by separators such as horizontal, line
vertical line and spaces. For example, the content of fig.2
is represented with a matrix ( left right ) where left
and right are recursive matrices corresponding to the
left and the right halves of the content respectively. This
process is realized by meshing a content and applying
the projection profile method to each mesh.

Classification In this process, segments are mapped
to tokens which correspond to attributes according to
the features of the segments such as the segment size,
type of fonts and so on.

In the database construction from documents, the
content may include unnecessary information for the
database such as headers “Editors”, “Editorial board”,
“Articles” in fig.2. In order to handle these additional
segments, we add several tokens corresponding to these
segments. For the journal of fig.2, the added tokens
are Head), Head,, and Head;y that correspond to the
headers “Editors”, “Editorial board” and “Articles” re-
spectively.
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Figure 2: Segements of a Content
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Figure 3: An Output of the Precedent Processes

It is difficult to map each segment to an attribute
completely by using only the numerical-valued features.
Therefore, we define the token as a set of attributes.
We assume that for any two tokens, their associated at-
tribute sets are disjoint. Tokens for the journal in fig.2
are, for example,

token attributes
Vnd  {Vol, No, Date}
Jtitle  {Journal Title }
Name {Editor’s Name, EB’s Name}
Address {Editor’s Address, EB’s Address}
Author  {Author}
Atitle  {Page}
Heady {Head,}
Head, {Heady}
Head; {Heads }.

After the segmentation and the classification processes,
character codes of each segments are extracted by OCR
and the strings are associated to each token as its value.
Some segments are further divided by delimiters such as
commas, colons and so on.

After these processes, the output data is a recursive
matrix that consists of tokens. The matrix for fig.2 is
shown in fig.3.

3 RULE DESCRIPTION

For the logical structure construction, the following
functions are required:

¢ constructing a database tuple that consists of seg-
ments,

o identifying the class of tokens.

In order to realize these functions, we use a kind of reg-
ular expression that represents the layout of segments.
The expression is constructed from the schema tree of
the nested relation through the following four opera-
tions.
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Permutation Forthe database tuple construction, the
rule keeps the structure of the schema as much as possi-
ble. On the other hand, for the complete classification,
the parser needs some information about the planar re-
lationship of segments. For example, in the content of
fig.2, Vol, No and Date are classified to the same class
Vnd. In order to classify these segments completely,
the parser need the information that these segments are
horizontally located in the order of Vol,No,Date.

We assume that contents have multi-column layouts
which has the recursive structure like the matrix of fig.3.
We make an order of component in the top-left to bottom-
right direction, that is,

for (ny,m;) component 'y and (n2,ms) component Cy
of a matrix, if (n; = ngAmy < ma)V(my = maAn, < ny)
holds, then C is located before Cy in the order. (1)

We regard the schema tree as ordered tree in which the
child nodes of each internal node are ordered in the top-
to-bottom direction. The ordering information is given
to the schema tree by permuting the nodes.

Planar Relation Ambiguity often occurs when an in-
ternal nodes of schema tree is matched with a n-by-m
matrix (n,m # 1). In order to reduce the ambiguity, we
assign the vertical /horizontal relationship to the internal
nodes of schema tree. Four kinds of labels are attached
to the internal nodes. Label h and v means that seg-
ments of its child nodes are located in horizontal and
vertical direction respectively. Label k* and »* means
that its child node is repeatedly located in horizontal
and vertical direction respectively.

Additional Nodes As described in the classification,
the contents have more data than required by database.
These data are very useful in the analysis of the contents.
For example, if the header “Editorial Board” does not
exist in fig.2, it is difficult to separate the data for editors
and editorial boards. We add some nodes corresponding
to these segments to the schema tree.

Space Segment In journal contents, data is some-
times represented in a table-like format like editors, ed-
itorial boards and articles of fig.2. In the table format,
null components are very important to extract logical
components. For example, if we does not consider the
null components of articles in fig.3, it is difficult to as-
sociate authors with articles in the table. Therefore we
add the null component information to the leaf of the
schema tree. The rule for the journal of fig.1 is shown
in fig 4.

Note that if we ignore the labels of the internal node,
this rule can be transformed into the normal regular
expression, by unfolding it in the depth-first, top-to-
bottom direction. For example the rule of fig.4 is trans-
formed to

Head, (Name Address)” Head; (Name Address)*
Jtitle Vnd Vnd Vnd Head; (Author® Atitle Page)®.

(2)
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4 Parser

The parser first unfolds all 1-by-n and m-by-1 matri-
ces (vectors) according to the condition (1). For example
the matrix of fig.3 is unfolded to be

Head, Editor Head; EB Jtitle Vnd Vnd Vnd Heady Article

where Editor, EB and Article stand for matrices for
editors, editorial boards and articles respectively. If the
matrix does not include non-vector matrix, the string
of tokens are obtained. In this case, the string can be
analyzed by the regular grammar (2). In general, the de-
rived data consists of token strings and matricies. For
the part of token string, the parser analyzes it as the or-
dinal regular expression parser. For the matrix part, the
parser begins to analyze with the (1,1) component. In
this parsing, if the matrix is analyzed with the Kleenean
closure part of the rule, it takes much time for analysis.
Hereafter we show the efficient parsing for this case.

For a matching of a subtree 7" and a simple n-by-m
matrix M, we first consider the way to decompose the
M vertically (horizontally). In the following discussion,
we assume the root of T' is labeled with h* without loss
of generality. In this case, the matrix is decomposed
vertically. Let consider the pattern of the first row of
the matrix. The pattern is obtained by the following
procedure,



Procedure first(T')
begin
if T is leaf then
return label(T);
if the label of T's child is h then
E:=¢
for all grandchild node N of T' do
E := F first(N);
return F;
else
return first(leftmost grandchild of T');
end if
end

In this procedure, label( V) stands for the token assigned
to the node N. This procedure is easily generalized to
generate the pattern for n-th row. The parser calls this
procedure to get the regular expression for the k-th row.
If it gets the regular expression that are not ambiguous,
then applies it to the corresponding rows of the matrix
and decompose it. For example, let consider the match-
ing of the subtree corresponding to the articles in fig.4
and the matrix corresponding to the same part in fig.3.
In this case, since the root of the subtree is labeled with
v®, the matrix is decomposed horizontally. The regu-
lar expression for the first column is (Author*)*. Since
this is ambiguous, the parser obtains the regular expres-
sion of the second column. The expression of the next
column is (Atitle sp*)*. Since this expression is not am-
biguous, the parser analyze the second column of the
matrix with this regular expression. The result is the
following three matrices.

Authoe’ Jrbcle  Fage Author Article Page
Author Aithor
Author Article Page A:I'.h
Author iid

If there is an internal node in the grandchildren of T,
the parser apply the same procedure to the decomposed
submatricies recursively. In this example, the first col-
umn matches with Author®. Second and third rows also
match with Atitle and Page respectively. Thus the ma-
trix of articles matches with the sub regular expression
(Author® Atitle Page)*.

5 CONCLUSION

This paper discusses the method to extract the log-
ical structure of journal contents from its image data.
This method is unique in presenting the manner of rule
construction from database schema systematically.

Currently we have been implementing each function
of our document processing system. The accuracy and
the performance of our methods will be reported near
future. For the database construction, we need to avoid
making ambiguous rules. We have not fully studied on
the ambiguity of our extended regular expression yet.
The ambiguity deeply depends on the accuracy of the
classification process. We are now discussing the re-
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lationship between the classification accuracy and the
ambiguity. In the syntactical approach, the error cor-
recting is an important problem. Document processing
requires numerical-value based analysis where the error
is unavoidable. Therefore the error correcting ability is
especially important in the document processing. We
are now trying to extend the error correcting technique
of the regular expression parser.
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