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1. Introduction

When a printed document is to be input to a com-
puter system, the document must be converted to a
computer-readable format, e.g., ASCII, PDF, RTF, CSV, or
SGML/XML/HTML-tagged data. In order to obtain these
data formats from a printed document, it is necessary to
extract from the printed document as much information as
possible, i.e., layout structure (layout objects and their hier-
archical relationship), logical structure (logical objects and
their reading order), and contents (text as OCR results).

Logica structure analysis is concerned with attaching
logical meanings to the layout structure and determining
the reading order. The logical structure may be extracted
hierarchically from the layout structure that is extracted by
the layout analysis process from a document image. In this
hierarchical analysis, some ambiguities cannot be reduced
in the result obtained by a single functional process due
to insufficient information. For example, sparse, irregular,
or unconfined layout styles such as unpredictable non-text
elements, program lists, mathematical expressions, or tables
without ruled lines might not be analyzed correctly using
only geometric information in the layout analysis process.
If processes are connected sequentially in an entire system,
system performance deteriorates due to accumul ation of the
errors of all the processes.

In this paper, the author proposesanew document image
analysis method with cooperativeinteraction between layout
analysis and logical structure analysis to resolve the above
problems. The proposed method has the following three
advantages compared with other methods.

() It can extract logical structures from imperfect lay-
out structures due to large variation in formats, noise, or
erroneous feature detection. Erroneous layout structure is
automatically detected and is resolved by cooperation be-
tween layout analysisand logical structure analysis.

(2) It breaksthrough previous limitations in layout anal-
ysis capabilities, because high-level logical information can
be used in layout analysis. After this layout analysis, the

global column structure of adocument is extracted from the
logical structure.

(3) It canextract thelogical structure of adocument accu-
rately, because the information to be used for logical struc-
ture analysisis obtained from the orderly column structure
and is made more accurate by the cooperative interaction
between layout analysisand logical structure analysis.

2. System Overview

The proposed document analysis system consists of lay-
out analysis system including OCR and logical structure
analysis system. Each system can communicate with other
system, which meansthereisan interaction between systems
asshownin Fig.1(a).
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Figure 1. Document analysis system

Atfirgt, basicelementsin adocumentimage such aschar-
acters (connected components), line segments, and black
blobs are given to the layout analysis system. By the layout
analysis, layout objects such as texts, tables, graphics, and
photographsand their hierarchical relationship are extracted
by the perceptual grouping process of these elements as a
global layout structure from a document image (Fig.2(a)).



When the layout analysis process stops, these layout objects
are stored and sent to the logical structure analysis system.
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Figure 2. Document analysis process

Thelogical structure analysis copes effectively with var-
ious logical structures using various types of information
about the objects, e.g., typographical information, contents,
geometric and logical relationships among objects, and log-
ical consistency among objects. After the logical structure
analysis, a set of primal logical objects such as headlines,
headers, footers, captions, notes, programs, titles, para-
graphs, lists, and formulas, as shown in Fig.2(b), and their
reading order are extracted from adocumentimage. Thepri-
mal logical object meansthe minimum logical object which
has no low-level object.

After logical structure analysis, a consistent global logi-
cal structure consisting of aset of logical objectsissent tothe
layout analysis system. Then, another global layout struc-
ture such as the column structure of a document, shown in
Fig.2(c), is organized by the object grouping process based
on logical information consisting of logical meanings and
the reading order of logical objects. The cooperation be-
tween layout analysis and logical structure anaysis is re-
peated while modifications to objects are required. If the
results of the layout analysis process are identical to the
previous stored results, the layout analysis system termi-
natesto fix its results. Thesefixed layout objects are sent to
the logical analysis system again to extract the hierarchical
logical structure from a set of primal logical objects. Fi-
nally, the relationship between the global layout structure
and the hierarchical logical structure are described using a
tree structure.

3. Geometric Layout analysis

The layout analysis system consists of four basic mod-
ules: region grouping, region analysis, region recognition,
and region modification as shownin Fig.1(b). At first, sim-
ilar and nearby basic elements of an input document are
groupedinto alocal region, in layout analysis. Next, thefol-
lowing region analysis and recognition are applied to each
local region: geometric text analysis, object classification,

and character segmentation/recognition. The geometric text
analysisconsists of the estimation of the geometric parame-
tersof aregion, e.g., text lineorientation, font size, character
pitch, and text line spacing. These geometric parameters of
each local region become the boundary conditions for the
perceptual grouping processes. The perceptual grouping
process based on Gestalt principles using geometric infor-
mation for text objectsis carried out by the following pro-
cedure (see Fig.3).
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Figure 3. Layout analysis based on perceptual
grouping process

Procedure. If two objects satisfy al of the following
conditions, they are merged into one object. This grouping
processisappliedto each pair of objectswhile modifications
to objects are required.

Condition A. The positional relationship between thetwo
objectsisadjacent. Thisgeometric relationship betweentwo
objectsis defined mathematically in reference[1].

Condition B. The object that is formed by the grouping
process of thetwo objectsmust not crossany field separator.

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

Condition D. Thedistance betweenthe two objectsisless
than thethreshold thl, wherethl isautomatically calculated
using the geometric parameters of two objects. How to
calculatethisthreshold is described exactly in reference[1].

Condition E. Thefont sizes of the two objectsare ailmost
equal.

These conditions are considered to be Gestalt principles
for perceptual grouping process in visua information pro-



cessing [4]. For example, condition A and D (C and E) cor-
respond to the principle of proximity (similarity) in Gestalt
principles. The interaction between region grouping and
analysis extracts good text regions and their geometric pa-
rameters. The interaction between region recognition and
modification extracts text regions with good reliability. Fi-
nally, the global layout structure with good consistency of
all layout objectsisextracted by theinteraction among mod-
ules. Details of the layout analysis process are described in
reference [1].

4. Logical structure analysis

The logical objects, which are the subject of extraction
in the proposed method, are roughly categorized into the
following two types:

Type 1: headlines, headers, footers, captions, notes, and
programs

Type 2: titles (chapters or sections), paragraphs, lists,
and formulas

All objects except for programs, which are categorized
as type 1, can be isolated from other objects on a page.
However, some objects categorized into type 2 are often
combined into one layout object or one text block because
they may have similar geometric parameters such as font
size, character pitch, and text line spacing. On the other
hand, a program list has a sparse, unconfined, or irregular
layout format with some large gaps between text lines or
words.
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Figure 4. Logical structure analysis process

Thelogical structure analysis system consists of five ba-
sicmodules: typography analysis, object recognition, object
segmentation, object grouping, and object modification, as
shown in Fig.1(c). Simple cases such as isolated objects
categorized as type 1 are recognized by the object recogni-
tion module in an early process using either their contents
or typography. After that, the difficult cases such as com-

pound objects, asshownin Fig.4, are automatically detected
because such objects could not be identified by the object
recognition module. Then, such objectsare sent to the object
segmentation module and are divided into different pieces
based on their typographical information (Fig.4(1)). Each
segmented object is sent to the object recognition module
again and is classified into acertain logical class (Fig.4(1)).
If segmentation errorsor recognition errors occur, the object
grouping or modification module recovers these respective
errors (Fig.4(2)). The interaction among modules is re-
peated while the objects are modified. Finaly, a set of
consistent logical objects (Fig.4(4)) is organized from the
system asaresult of thisinteractive computation. If an erro-
neous layout structure (Fig.5(a)) or asparselayout structure
(Fig.5(d)) is sent to the logical analysis system, ambiguous
objects are divided into smaller parts and are grouped ac-
cording to their logical validity. Then, the correct global
logical structure (Fig.5(b)) is extracted from such an irregu-
lar layout structure. Details of thelogical structure analysis
processare described in reference[3].
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Figure 5. Improvement of results by coopera-
tive interaction between systems

After logical object extraction, the reading order of the
logical objectsis determined by the process outlined in ref-
erence [2]. Details of the process for the reading order
determination are not discussed here due to lack of space.

5. Cooperative interaction between layout
analysisand logical structure analysis

The interaction between systems overcomes the limita-
tionsinthe capability of each system, and solvesambiguities



dueto the shortage of information in each system asfollows.
The higher-level logical information of adocument such as
logical meaningsand thereading order of logical objectscan
be used in the layout analysis process by the procedure be-
low. According to this procedure, sparse or irregular layout
styles with large gaps between text lines or words are ana-
lyzed correctly as shown in Fig.5(€), because such objects
are merged using the logical information.

Procedure. If two logical objects satisfy all of the fol-
lowing conditions, they are merged into one layout object.
When a layout object consists of a set of logical objects,
the following conditions are applied to two adjacent logical
objects having aminimum distance between the logical ob-
ject in one layout object and the logical object in the other
layout abject. This grouping processis applied to each pair
of objectswhile modificationsto objects are required.

Condition 1. The two logical objects must satisfy Con-
dition A, B, and C.

Condition 2. The two logical objects have the same
logical class or have one of the logical classes categorized
astype 2.

Condition 3. Thetwo logical objects are arranged in the
reading order.

If the reading order of logical objects is incorrect, the
column structure of a document is not formed by this pro-
cedure. In this case, these logical objects can be grouped
into a global layout structure if condition 3 is replaced by
the following condition 3'. Thiscondition assumesthat two
objects are arranged in the reading order when the distance
between them is very short.

Condition3'. Thedistancebetweenthetwo objectsisless
than thethreshold th2, whereth2 is defined asth2 = min(ch1l,
ch2) x «, wherechl (ch2) isdefined asthe averagefont size
of objectl (object2) and « is aconstant.

The interaction between systems improves the result of
logical structure analysis as well as that of layout analysis
asfollows. (1) Inthelogical structure analysis, the logical
objects of a document are extracted accurately using the
typographical information that is extracted from the orderly
column structure. (2) The logical object, which is divided
into two or more columns or pages, can be unified and
classified correctly because the reading order of objectsin
each pageisutilized. (3) Thereading order of logical objects
is determined accurately because the search space of the
determination of the reading order is reduced in the global
column structure.

6. Experimental results

Experimentswere carried out using 150 documentstaken
from magazines, newspapers, books, scientific and techni-
cal journals, business documents, business letters, manuals,
patents, government files, and official documents that were

printed in either Japanese or English. Some of the test doc-
uments and their experimental results are shown in Fig.6.
Therate of correct logical structure analysiswas on average
96.3% for all logical objects.

Figure 6. Experimental results

7. Conclusions

A new method for document image analysi swith cooper-
ative interaction between layout analysis and logical struc-
ture analysis has been proposed. According to the proposed
method, the parameters of layout analysisand logical struc-
ture analysis are automatically formed, and are adjusted by
the interaction between them, for effective global document
structure analysis. Global system behavior that is expected
to be adaptable to various document stylesis established by
the adaptive system configuration based on the interactive
computation. Furthermore, the limitations in layout analy-
sis capabilities dueto insufficient information are overcome
by the interactive computation because higher-level logical
information can be used in lower- level processes. As a
result, the proposed system can handle a wide variety of
documents and complex document structures and achieves
high performance with regard to total throughput.
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