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Abstract

Tables are important components of technical docu-
ments. This paper addresses the following problems: i) iden-
tifying a tabular component in a scanned image of a com-
pound document containing text, drawings, diagrams, eic.;
ii) understanding the content of the table in order to convert
the table into electronic format. As far as the authors are
aware, the problems addressed are new. An algorithm for
performing both the above tasks has been studied and imple-
mented. Preliminary experimental results indicate satisfac-
tory performance for many table lay—out styles.

1. Introduction

Large amounts of compound technical and scientific
documents are produced today by computerized systems.
The handling of documents in electronic format offers many
appealing features for editing, storing, transmitting and
searching. Often the users of electronic document handling
systems are faced with the problem of acquiring older paper
documents in electronic format . Of course, it is possible to
create the document manually with the new electronic tools,
but this is an expensive and tedious task. In addition, the ac-
curacy of the results can be dubious, especially for compo-
nents like numerical data and mathematical formulae not
suited to easy error checks. A complete solution to this prob-
lem would be provided by a system capable of automatic
acquisition in electronic format of the paper documents. In
principle [1-2], such a system should perform the following
tasks, starting from the scanned pages of the document:

1) dividing the document into regions containing compo-
nents such as text, pictures, engineering drawings, mathe-
matical formulae, tables, etc.

2) understanding the content of each component

3) understanding the logical relations between components
4) transforming the document into some electronic standard
format.

No system capable of performing all the above unre-
stricted tasks is available today. Nevertheless, especially in
the last few years, much work has been done on the points
listed above, and many intefesting results have been ob-
tained. A number of researchers have tackled the problem of
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segmenting a document image, although in many cases the
algorithms proposed were able only to distinguish text
blocks from other types of component[3-5]. Much work has
been done on identifying and understanding text, and many
systems able to read text in mixed-mode documents have
been implemented[6-8). Useful results have been obtained
in understanding some other components, like engineering
drawings[9-11], circuit diagrams[12] and mathematical for-
mulae[13]. Some methods have also been proposed for un-
derstanding the logical structure of a document[14-171].

Little attention has been paid till now to certain other
components like tables, which can be found in compound
documents.

Tables, often with numerical entries, are frequently
found in scientific and technical documents. Although tables
could be constructed as a collection of separate textual and
graphic components, many popular electronic publishing
systems have modules capable of dealing with tables as logi-
cal and lay—out objects. This provides the user with useful
capabilities for editing a table, when inserting or deleting
rows and columns for instance. The importance of tables has
been recognized by computer manufacturers, and industrial
standards for exchanging tabular material between different
applications have been defined, e.g. the Digital Table Inter-
change Format(DTIF). Today, although the ISO standard
ODIF (Office Document Interchange Format) [18] for inter-
changing compound documents in final and processable
form does not provide a format for tables, there exists acom-
mitment to enhance ODIF with formats for items such as
tables and mathematical formulae.

The purpose of this paper is to present an algorithm for:
—identifying a table in a scanned compound document
_understanding the table, that is identifying the logical table
structure in order to be able to convert the table into an elec-
tronic format.

2. Logical and Lay—out Table Structure

From a logical point of view, we consider a table as a set
of elements Tij, arranged in i rows and j columns. The ele-
ments Tij are usually text blocks, but in some cases they also
consist of other objects, like drawings, pictures or mathe-
matical formulae. A closer look very often allows us to per-



ceive a table as one relation of a relational data base. Each
column contains a set of values of a data-item; each row col-
lects the values of the attributes of an entity which is
uniquely identified by the values of one or more attributes,
usually in the first columns.

Usually, the first row of the table does not contains val-
ues of attributes, but is devoted to specifying the attributes
themselves. This can require more than one row, with ele-
ments often in a hierarchical arrangement. We will call
these rows header rows. Tables with one or more header row
will be indicated as horizontal tables: this is by far the more
common case. When the meaning of rows and columns is
interchanged, we have the relatively rare case of header col-
umns and vertical tables. In some particular cases, a table
could be considered both horizontal and vertical, like for in-
stance the familiar 7-bit ASCII code table.

When dealing with tables in electronic format, we are
usually interested in header rows since , when a table contin-
ues across page or column boundaries, these rows are usu-
ally repeated at the top of the new page or new column for
improving readability. In this first study however we have
not attempted to identify header rows, except for the simple
cases of tables with a particular perimeter lay—out, like the
table in Fig.1(b). In this case the upper leftmost indented
edge allows us to identify the first row 11 as a header row.

The lay—out of the tables produced by modern electronic
publishing systems is regular and relatively simple. In addi-
tion to various styles available for single (or double) vertical
or horizontal ruling lines, it is possible to join together cells
with the same content and to highlight a cell with particular
background pattems.

On the contrary, in printed documents there is a very
large variety of lay—out styles and not uniform lay—out rules
across the same table can be found. Many significant lines
may be missing; there may be hanging lines, or lines not
properly connected. Therefore, particular care has been de-
voted to producing a table recognition algorithm which is
sufficiently robust to be able to deal with a variety of table
lay—-out styles.

3. Basic Features of the Algorithm

We describe first the general features and limits of the
algorithm implemented. The algorithm is restricted to tables
containing text blocks. Therefore to identify a table and un-
derstand its structure means to locate a rectangular area in
the scanned page and divide the text contained into blocks
corresponding to the table entries. For each block the algo-
rithm supplies:

—The geometric information necessary to locate the block
on the page. This information s used by a conventional OCR
program which reads the text blocks successively.

~One or more pairs of row and column indices. The algo-
rithm is able to identify the cells which have been obtained
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by joining together two or more elementary cells. For in-
stance, the text block shown in Fig. 1(a) is labeled by the al-
gorithm with the four pairs of indices (4,2), (4,3), (5,2),
(5,3). A non-elementary cell must be rectangular.

The algorithm detects tables where text and ruling lines
are vertical or horizontal. No diagonal tables are allowed.
The text blocks can be both horizontal and vertical in the
same table.

The ruling lines of the table should not be connected to
lines belonging to other components, as page frames. For
working out these cases it is possible to interactively indicate
the rectangular area containing the table.

The algorithm is able to cope with a large number of
cases relative to the ruling lines. They can be single or dou-
ble, have different widths, be totally or partially missing and
have slightly incorrect alignments. The general idea of the
algorithm is to find two kind of elements in the same area:
-block of text arranged in regular horizontal and vertical
patterns
—horizontal and vertical lines
and to compare their relative positions. The two processes of
identifying and understanding a table are mixed together and
the algorithm attempts, in various steps, to construct an ideal
table in accordance with the elements extracted from the
scanned image. Ideal tables are tables where no ruling line
between table entries is missing, or where in each cell only
one element Tijis contained. In an ideal table two or more
cells with equal content could have been joined to-
gether(Fig.1).

The construction of the ideal table is carried on by at-
tempting: i) to extend certain hanging ruling lines; ii)to add
new virtual lines, in order to create a rectangular cell for
each entry of the table. If this construction is possible, after
the execution of all the steps of the algorithm a table is iden-
tified in a rectangular region of the page and its structure un-
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Fig.1. Examples of ideal tables.



derstood. Otherwise, the construction fails at some point and
the algorithm stops.

4. The Steps of the Algorithm

A functional block diagram of the algorithm is shown in
Fig. 2. For identifying the text, a bottom-up approach has
been used, following the general lines of the algorithm pre-
sented by Fletcher and Kasturi in [5]. After determining the
four—connected components, a filtering process is applied to
find the rectangular areas containing characters. This proc-
ess takes into account geometric attributes such as surface
and vertical and horizontal dimensions of the smallest en-
closing rectangle of each connected component.

For finding horizontal and vertical lines, we first deter-
mine the horizontal and vertical runs[1], that is sequences
containing a sufficient percentage of black pixels. The inter-
val between black pixels of the run must notexceed a certain
threshold. This threshold, like others of the algorithm, is
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Fig.2-Functional block diagram of the
algorithm
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adaptive and depends on the average dimension of the char-
acters. As we are interested only in borizontal and vertical
lines, only runs with a length exceeding a suitable threshold
are selected. This accounts for slightly skew tables.

In the following step, runs sufficiently near each other are
merged together to obtain horizontal and vertical lines. The
thresholds involved in this process also depends on the char-
acter dimension.

Collinear characters satisfying suitable geometric condi-
tions are merged together into words, and words are merged
into phrases. Only the horizontal and vertical merging direc-
tions are considered. No merging of elements separated by
one of the previously determined vertical or horizontal lines
can take place. Some further adjustment of the previously
determined connected components is also performed. Errors
due to noise, such as the decomposition of a single character
into two or more components may be corrected.

The network generator identifies a rectangular area con-
taining lines which are candidate ruling lines of a table, At
least one horizontal and one vertical ruling line are required.
These lines must be connected within a certain threshold.
Some adjustment of the hanging lines whose endpoints are
pear other lines is performed, and some new lines are cre-
ated. Examples of adjustment and addition of lines are
shown in Fig. 3 (a) and (b). Line L in Fig. 3(a) is extended up
to L1, since the gap A is less than the character height. Owing
to a wider gap, a new line L3 is added in Fig. 3 (b). The pur-
pose of this step is to complete, as far as possible without
considering text elements, the ruling lines of an ideal table.
The tests performed in this step on the lines and on their rela-
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Fig.3—-Examples of adjustment (a) or addition
(b) of lines.



tive position allow us to discard many non—tabular areas,
like those containing line drawings with horizontal and ver-
tical lines. One test consists in comparing the distance be-
tween two adjacent horizontal lines with a forbidden dis-
tance interval, telated to the character height. A very small
distance is allowed, since this is the case of a double ruling
line.

Inthe step boxes,the arrangement of the lines previously
determined is compared with the arrangement of the text
blocks identifyed in the same area. Their compatibility is
verified . The lay-out of the perimeter of the table and of
each cell is checked. At this point, there can be cells contain-
ing many text blocks. The arrangement of the text blocks in
these areas is checked in the following step blocks. This is
done by considering the horizontal and vertical projection
profiles of the text blocks. If the text blocks are not arranged
in a regular pattern,the construction of the table fails. Other-
wise, the algorithm attempts to add horizontal and vertical
ruling lines for constructing the ideal table. For doing this,
the algorithm considers the projection profiles and possible
short ruling lines in the profile gaps.

After inserting the missing vertical and horizontal ruling
lines, the table structure is fully understood. In the last step,
information relative to dimension and position of each cell is
prepared for an OCR program. Each cell is flagged with one
or more pairs of row and column indices. Finding composed
cells is easily done by extending all the ruling lines of the
ideal table to the table boundaries.

A sample page containing two tables, text and line draw-
ings scanned at the resolution of 300 d.p.i.’s is shown in
Fig.4(a). The algorithm succeeded in identifying the two
tables. The corresponding ideal tables are shown in Fig.4(d).
In the bottom table a number of lines have been added or ad-
justed by the algorithm, showing that the table has been cor-
rectly understood.

5. Preliminary Experimental Results

The algorithm has been experimentally tested so far in
about 20 cases . In all these cases it was able to identify the
tables in the compound pages scanned; however in some
cases not all the table components where correctly identi-
fied.

According to the first experimental results, the algorithm
does not appear to be very sensitive either to the resolution of
the page scanned, or to the noise. We believe that it will
work well also at relatively low resolution, with a substan-
tial reduction of the computational complexity.

We plan to make more extensive tests of the algorithm,
and to improve its behavior by relaxing some of restrictions
mentioned and adding further capabilities. In particular we
plan to address the problems of dealing with tables also con-
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taining non-textual elements and identifying header rows.
We believe that in a number of cases the identification of
header rows does not require a highlevel semantic approach,
but can be performed by examining and comparing simple
features of the textual elements contained in each cell, like
the number and type of characters.
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Fig.4 - A compound page containing two tables (a); the phrases (b) and the lines (c) extracted;
the ideal tables constructed by the algoritm (d).

409



