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1 Introduction

There is a vast amount of information available in document collections both
ancient/historical as well as contemporary. The reliable processing of such col-
lections is vital in order to provide access to their invaluable content. A key
process is the reliable layout analysis of these documents. The term document
layout refers to the segmentation of the documents into regions of the same
class, e.g. text regions, graphical elements, headings, etc. However, there are
many cases where the segmentation of documents into homogeneous regions
can become a very challenging task due to the complex layout of the document
collections. Graphics, images and other non-textual information can be found
blended with the textual content of the documents. This information needs to
be separated successfully in order to be able to process the remaining textual
information. In this report we will present representative works concerning the
analysis of document layouts in both modern and historical document collec-
tions.

2 Related Work

In literature there are two main categories for document layout analysis namely,
top-down and bottom-up, respectively. However, there are also methods that
are featured based. In the following subsection we present a detailed description
of these approaches with representative works on each of them.

2.1 Top-Down Approaches

The methods that fall into this category imply that there is a priori knowledge
of the underlying layout of the document. This means that there exists an initial
model that describes the layout. Using this model we can specify the regions of
interest such as text, graphics, etc.

2.2 Bottom-Up Approaches

Contrary to the above methods, bottom-up approaches do not require any
knowledge of the document layout. The processing begins on the pixel level
and gradually the information that makes up the entire document is extracted.
In these methods the input is the entire page.

2.3 Feature-based

In the category fall methods that use features in order to determine the different
parts a document page consists of. Features can be either global, where the
entire document page is under consideration or local, where in this case only
regions of the document page are processed.

2.4 Hybrid

Hybrid methods for document layout analysis use a combination of the afore-
mentioned categories in order to produce the desired results.
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3 Related Work

A bottom-up approach is proposed in the work present in [15]. The method
extends document layout analysis in order to be able to cope with mixed images,
that is images containing text and various graphical elements. In particular,
the authors extend the functionality of the RAST algorithm found in OCRopus
software in order to be able to analyse mixed text documents. They also propose
a text classification method using the Voronoi algorithm in order to perform
OCR in that kind of documents. The work presented in [8] uses an EM-based
method to estimate the shape of the different regions in the documents. The
authors use a model that labels each pixel of the document with a number
that corresponds to a region. At each region the algorithm tries to fit a set
of Gaussian mixtures according to the logical distribution along the page and
eventually derive the resulting shape of the regions. Figure 1 illustrates an
example of the method.

Figure 1: Region detection. Image taken from [8].

In [5] a method for text line extraction is presented. The work focuses on
scanned documents of Arabic languages. The method is a combination of well
established techniques such as ridge detection and whitespace cuts that enable
the reliable segmentation between text and non-text regions. Text regions are
further extracted into their corresponding text lines. Figure 2 illustrates the
various steps of the method.
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(a) Arabic Nastaliq script (b) Smoothed image

(c) Detected ridges (d) Whitespace cuts

(e) Ridges after whitespace cuts (f) Labeled text-lines

Figure 2: Text line extraction. Image taken from [5].

Although, traditional projection profiles has been successfully used for text
line extraction, they fail when the documents are skewed. In [16], the authors
introduce a method based on adaptive local projection profiles that are able
to cope with various skew angles of the documents. These profiles are applied
locally rather than globally like the traditional method and furthermore, can
be adapted to the local skew of the document. In Figure 3 an example of text
line detection is illustrated. Text lines and text regions for chinese documents is
also the task in the work presented in [7]. They use a regrouping method that
consists of three distinct steps. The processed documents contain a mixture of
both vertical and horizontal text lines.

(a) (b)

Figure 3: Text line detection. Image taken from [16].
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Bulacu et. al [6] propose a text line segmentation method based on ink tran-
sitions. The method is initialized in the center between two text lines following
the contour of ascenders and descenders. If the path is blocked by overlapping
ascenders/descenders, they are cut trough. The work presented in [14] falls into
the feature-based category for document layout analysis. In this work a hybrid
feature selection approach is adopted. An adapted greedy greedy forward se-
lection and a genetic selection are used in a cascading way in order to process
handwritten historical documents. LeBourgeois and Keileh [3] propose a system
for document analysis that enables the retrieval of initials, illustrations and tex-
tual information from ancient document manuscripts. The method uses binary
features concerning shape, geometry and color on a connected components level.
The classification is performed using k-NN. In [4] a method is presented that
segments text that appears in page margins. This approach is feature-based
and it is performed on connected components level. For the classification of the
text into the various classes a multilayer perception classifier is used. Figure 4
illustrates the results of the method on a document image.

(a) (b)

Figure 4: Segmentation of marginal text. Image taken from [4].

A feature based approach is proposed in [2]. In this work SIFT local features
are extracted from the document images. The method incorporates a learning
system based on multiple classifiers trained through AdaBoost, in order to dis-
tinguish between the features that belong to text and to those that belong to
images, drawings, photographs, etc. In [11]. Figure 5 illustrates an example of
the performance of the algorithm. SIFT features are also used in the work in
[9] where part-based identification of layout entities is employed.

The separation between text, decorations and images in handwritten manu-
scripts is the task presented in [10]. The proposed method uses circular statistics
as a first step in order to extract text. Visual descriptors are then computed
over the pictorial regions of the page. The separation between semantic and
decorative elements is done through the use of color histograms and a novel tex-
ture feature called Gradient Spacial Dependency Matrix. Figure 6 illustrates
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(a) (b)

Figure 5: Resulting image. Image taken from [11].

the results of an example manuscript page. There are also several survey pa-
pers that evaluate different document layout analysis methods. An older paper
presented by Nagy [12] evaluates 99 papers, while Antonacopoulos et. al [1] eval-
uates several methods on scanned historical documents. Evaluation of different
classifiers is presented in [13]. In particular Support Vector Machines (SVM),
Multi-Layer Perceptrons (MLP) and Gaussian Mixture Models are investigated
on their performance on detecting physical structure of historical documents.

Figure 6: Resulting image taken from [10].
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4 Conclusions

Document layout analysis is a very important process in document image anal-
ysis. This task can become very challenging, especially when the underlying
documents are historical or when several different entities are included in the
document images such as images, graphical elements, decorations, etc. Fur-
thermore, methods that demonstrate satisfactory performance on contemporary
documents is not uncommon to fail when processing the aforementioned docu-
ments. Research on the field has provided many useful tools and solutions for
the robust confrontation of the problem.
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