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Abstract— We present a system of services for the automatic 

processing of collections of scientific documents that are part of 

digital libraries. These services are based on ontologies for 

scientific documents representation, as well as on methods for 

semantic analysis of mathematical documents. The developed 

tools automatically check validity of documents for compliance 

with manuscript guidelines, convert these documents into 

required formats and generate their metadata. 
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I.  INTRODUCTION  

The transition to the digital form of information 
presentation requires not only the application of new formats 
for the representation of the document itself, but also additional 
data about it (including metadata) with a view to further 
processing them throughout the life cycle of the Scientific 
Publication [1, 2]. The process of forming digital documents 
differs from the traditional processes of preparing paper 
publications. These differences are so great that the transition 
to a digital form of information is usually called the "digital 
revolution". Traditionally, digital scientific documents are 
stored in unstructured form. For this reason, these documents 
are difficult to process and classify [3-5]. 

One of the modern requirements for digital documents is 
the possibility of their semantic processing. For such 
processing special markup languages are used, as well as 
ontologies for formalizing existing links. In order for a 
scientific document to be machine-readable, each of its 
elements must be marked with special labels that form the so-
called document metadata. Currently, there are many options 
for storing documents with metadata. The most popular of 
these are the languages of semantic markup. One way to 
formalize such markup is to use ontologies. There are several 
ontologies designed for document structure representation [6, 
7]. 

In this paper, we present a new method for the formation of 
semantic representation of documents included in the digital 
scientific collection. This method is based on an analysis of the 
structure of documents and their stylistic features. Thus, an 
attempt has been made to relate two technologies: the 
processing of unstructured data and their convertation into a 

machine-readable form. Section 2 presents methods for 
processing scientific documents based on an analysis of their 
structure. The result of applying these methods is semantic 
representation of these documents. In Section 3 the ontologies 
used to describe the structure of documents are characterized. 
Section 4 presents methods for formation of a semantic 
representation of scientific documents. As an example of the 
application of these methods, the result of automatic processing 
of a large collection of works (containing more than 1500 
documents) of the XI All-Russian Congress on Fundamental 
Problems of Theoretical and Applied Mechanics (Russia, 
Kazan, 2015) is presented. Section 5 presents the services 
intended for the preparation of document’s final layout version 
for print. Section 6 describes the method of automated 
metadata formation of scientific publications for the Russian 
Science Citation Index. 

II. PROCESSING OF UNSTRUCTURED DATA 

Traditionally, scientific publications can be presented in 
layout-oriented formats (such as .pdf, .docx, .tex). Managing 
collections of such documents requires the development of 
additional tools and services. The most typical tasks are the 
following: organization of search services, document 
clustering, search for related articles, and others. To implement 
these services, you need to use text analytics tools, in 
particular, methods for separating metadata based on the 
structure of documents [3–5, 8–13]. Typically, the technique of 
regular expressions is used to extract metadata. For example, in 
[3, 12] it was suggested to create metadata of scientific 
publications using regular expressions, as well as information 
about formatting (what font is used, what is its size, whether it 
is an underscore, etc.). The corresponding algorithm is reduced 
to converting documents from .docx, .pdf formats to 
documents with xml-markup and syntactic analysis of text 
based on the results of its formatting. 

A number of works on extracting structured data from 
scientific documents are also well known (see, for example, [3, 
10, 11]). Thus, the work [10] describes a method for extracting 
data from documents in the pdf-format. This method translates 
a pdf-document into a “semi-semantic” text, and then it 
performs its annotation. In the same work, a method for storing 
documents in the pdf-format is proposed, which allows to 
translate such documents into the rdf-format. 
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III. ONTOLOGIES FOR DESCRIBING DOCUMENTS STRUCTURE 

There are several ontologies for describing scientific 
documents such as [1, 2, 6, 7, 12, 14]. For the semantic 
structuring of digital content, the ontologies CiTO, DoCo, 
SWAN, SKOS, CERIF and SPAR are used in them  [7, 14]. 
The later ontology, which stands for Semantic Publishing and 
Referencing Ontologies, is designed to describe journal articles 
and books [1, 2]. 

This suite of ontologies consists in independent re-usable 
ontologies designed for describing the semantics of 
bibliographic objects, as well as their citation references, 
bibliographic records, components of documents and various 
aspects of the scientific publication process. In fact, all these 
ontologies are taxonomies and are described in the OWL2 DL 
and RDF languages developed by the W3C consortium. The 
first four of them (FaBiO, CiTO, BiRO and C4O) are for 
representation of bibliographic objects, bibliographic records 
and sources in the lists of literature contained in publications, 
quotations, citation contexts and their references to the relevant 
sections of cited publications, and for organizing bibliographic 
records and references in bibliographies, ordered lists of 
sources and library catalogs. The remaining ontologies (DoCO, 
PRO, PSO and PWO) serve to create structured managed 

dictionaries for document components, publishing roles, 
publishing states, and workflows in publishing processes. 

DoCO ontology provides a broad number of classes and 
relationships that allow describing a document based on its 
structure and content. For example, it is describe the vast 
majority of document components such as chapter, preface, 
glossary, etc. DoCO imports two ontologies: DEO and the 
Ontology of document structural. DEO is an OWL2-ontology 
that describes the main rhetorical elements of the document. It 
also provides a structured vocabulary for rhetorical elements 
within documents and it uses all the rhetorical block elements 
from the SALT Rhetorical Ontology. The ontology of 
templates formally defines templates for segmenting a 
document into atomic components so that they can be used 
independently in different contexts [1, 2, 7]. 

An important part of the structural analysis of documents is 
the allocation of such blocks as the name, authors' surnames, 
their affiliation, abstract, keywords and bibliographic records. 
Table 1 gives an example of the distribution of such blocks by 
structural features and their description in terms of DoCO 
ontologies. This table presents a set of features used by us in 
analyzing the collection of materials of the XI All-Russian 
Congress on Fundamental Problems of Theoretical and 
Applied Mechanics (August 20–24, 2015, Kazan, Russia). 

TABLE 1. A SET OF FEATURES USED IN THE ANALYSIS OF THE COLLECTION OF MATERIALS OF THE XI ALL-RUSSIAN CONGRESS ON 

FUNDAMENTAL PROBLEMS OF THEORETICAL AND APPLIED MECHANICS 

Paper block Block feature Ontology concepts 

Title Font: Times New Roman, 12 pt, bold, centered etc. 

Position: at the start of the document 

doco:title 

Author’s list Font: Times New Roman, 12 pt, centered etc. 

Position: after title 

Regexp Pattern: authors separated by comma 

doco:ListOfAuthors, 

feof:author 

Affiliations Font: Times New Roman, 12 pt, italic, centered etc. 

Position: after author’s list  

pro:relatesToOrganization 

E-mail Font: Times New Roman, 9 pt, bold, centered etc. 

Position: after affiliations 

Regexp Pattern: Unique address type 

fabio:Email 

Abstract Font: Times New Roman, 9 pt, justified etc. 

Position: after e-mail 

Regexp Pattern: Begins with a specific word: abstract 

doco: abstract 

References Posttion: at the end of the document 

Regexp Pattern: Begins with a specific word: 

References 

doco:bibliography, 

deo:BibliographicReference 

 

For mathematical documents, you can also use ontology of 
mathematical knowledge OntoMathPRO [15, 16]. 

IV. METHOD OF FORMATION OF SEMANTIC 

REPRESENTATION OF SCIENTIFIC DOCUMENTS 

Machine-oriented processing of electronic collections 
assumes the presence of semantic markup of their documents. 
Such markup can be done in automatic mode on the basis of 
information about the structure of each document and the 
features of its formatting. 

All the documents of the collection we are working with 
were first converted to the OpenXML format (see [17]). 
Further, structural clustering of these documents was carried 
out. For this purpose the collection was divided into classes of 
documents similar in structure. Then the semantic 
representation of each document was formed: for each class of 
documents, a pattern of regular expressions was chosen with 
the possibility of adjusting them in the process of work. Tools 
have also been developed that use these patterns to highlight 



information blocks (title of the article, list of authors, block of 
literature, etc.). 

The service system includes modules that perform the 
following functions: 

• extracting metadata from the collection documents 
based on the analysis of the structure of documents and 
formats of information presentation; 

• automatic selection of documents in accordance with 
the established order, for example, lexicographical, or 
according to the lists of authors; 

• extraction of annotation blocks from the collection 
documents, preparation of an alphabetical index and the 
formation of a collection of annotations; 

• automatic generation of a bibliographic description of 
an article from a collection with the recording of this 
information in a block of document footers; 

•  conversion of documents into a pdf-format in 
accordance with the established parameters; 

• formation of the final original layout of the generated 
edition with automatic selection of articles, placement 
of pages, preparation of the alphabetical index and 
content; 

• preparation of metadata for export to scientific citation 
databases. 

The process of document validation and the corresponding 
style casting service involves checking the presence and 
location of key blocks (title of the article, list of authors, 
affiliation, keywords, etc.) in accordance with the documents 
regulating the publishing formats. The developed style cast 
service implements the following steps: 

• a uniform presentation of the title of the articles, lists of 
authors (for example, S. M. Khaydarov is written 
instead of S. M. Khaydarov); 

• a uniform representation of the authors' affiliation, for 
example, the entries "KFU", "K(P)FU", "Kazan 
University", "Kazan (Volga Region) Federal 
University" and "Kazan Federal University" are 
brought to a unified form "Kazan (Volga Region) 
Federal University"; to do this, a dictionary of 
synonyms is created; 

• uniform font design of sections of the text of articles; 
the register is recorded when recording key blocks, for 
example, the title of the article is written in capital 
letters; 

• a set of mathematical formulas and a system of 
references to them; 

• bringing the list of literature in line with the chosen 
bibliographic description format; 

• forming links to sources of support for research grants 
and gratitude. 

To extract the metadata of an article based on the 
characteristic features (see Table 1), we define the rules for 

selecting the blocks of an article. Such features include, in 
particular, style design of articles (font, font size, selection, 
etc.). To increase the quality of metadata extraction, some 
additional features allow: the patterning of the text (for 
example, the location of the word "Annotation" before the 
annotation block or the template type of the e-mail address 
record) and the position of the block in the text (for example, 
the document starts with the title of the article). As such signs, 
the block position in the document can be used, as well as the 
font used in the text of this block (see, for example, [3, 11, 18–
20]). Table 1 shows the set of features that we used in the 
structural analysis of the collection of scientific documents 
published in the materials of the 11th All-Russian Congress on 
Fundamental Problems of Theoretical and Applied Mechanics. 

The corresponding program module is implemented as a 
PHP-script. This module implements the following steps: 

• the document.xml file is extracted from the article file 
in .docx format; further, using the description of the 
DOMDocument class (see, for example, [21]), this file 
is parsed; 

• the getElementsByTagNameNS method with the 
parameter "w:p" (the paragraph markup tag in 
OpenXML) is used to allocate text blocks; as a result, 
we get the DOMNodeList object, in which all the 
paragraphs of the document are stored as a list; 

• the received list is consistently checked for compliance 
with the specified rules; This allows you to generate a 
semantic representation of the document.  

Note that in some cases the allocated block can be stored 
in several paragraphs. This situation is taken into account with 
the help of an additional analysis of the paragraph that follows 
the paragraph under consideration. 

Regular templates are used to specify a template, for 
example, to select a list of authors such a template has the 
form: 

 «/ ([А-ЯА-Z]\. (?: [А-ЯА-Z]\.)? \S [А-ЯА-Z] [a-zа-я]+) (,\s 
)? (?1)? (,\S)? (?1)? /». 

In addition, the presented software module checks the 
presence of key structures and their correspondence to the 
specified format. The result of the module is an document 
containing the metadata of the articles in the collection being 
processed. 

V. CREATION OF DOCUMENT’S FINAL LAYOUT VERSION  

We have developed a service for creating the final layout 
version of the scientific publication document, which allows 
you to automatically prepare from the files of the electronic 
collection the original template of the scientific publication 
(collection of materials, journal and others). The order of 
articles placement is determined by the semantic view of the 
collection stored in the XML-file. The algorithm is 
implemented as a VBA macro and includes the following 
steps: in the first step, the initial and final page numbers are 
calculated according to paper position in document’s final 
layout version. Next, we sequentially open the collection 



documents in accordance with the order specified in the XML-
file in accordance with the extraction rules. We compute the 
initial and final pages, after which we form the bibliographic 
description of the article. It is recorded in header and footer of 

the document. The received document is converted to pdf-
format. We also save the bibliographic description in an XML-
file. 

 
Figure 1. An example of structural analysis of text: 1 – article title, 2 – author list block, 3 – affiliations block, 4 – email block, 

5 – annotation block. Stylish design corresponds to Table 1 

 

VI. SERVICE FOR EXTRACTION OF BIBLIOGRAPHIC 

METADATA  

The service workflow is implemented as following: 

• from the original layout of the collection of proceedings 
of the Congress we extract a bibliographic description 
of each publication; 

• we extract a block of literature; using regular 
expressions, we select bibliographic lists of articles; the 
distinguishing feature of these data is the presence of 
signs // in the bibliographic description; in this case, a 
regular expression was used in which individual blocks 
of metadata were allocated to groups; 

• further we analyze the main metadata-we select authors, 
titles of articles, publications, etc.; 

• using the developed web application to generate an 
XML-file, write it in accordance with the rules of the 
Russian Science Citation Index (RSCI); it contains a set 
of metadata for this publication; 

• we upload a metadata set to the RSCI. 

Thus, the created algorithm makes it possible not only to 
use semantic tools for working with digital content, but also to 
create automatically new types of documents. 
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