
RUSSIAN JOURNAL OF EARTH SCIENCES, VOL. 15, ES4005, doi:10.2205/2015ES000560, 2015

Methods and technologies for creation of the
information processing system applied to publications
on geology of the Russian Far East

K. A. Platonov1

Received 3 December 2015; accepted 16 December 2015; published 28 December 2015.

Quantitative database extracted from scientific publications is developed within the
framework of the development of the Information Infrastructure in order to support
scientific geological research of the Russian Far East. Based on the analysis of the existing
methods and technologies used for processing of scientific publications, new technological
approaches to automatic extraction and processing of quantitative data in scientific
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Introduction

Lately, a close attention has been drawn upon Informa-
tion systems that operate on scientific publications. The
total amount of information stored in such systems is more
than millions of articles. The concept of “open excess” to
scientific data institutionally adopted by international com-
munity in 2004 has facilitated user access to full-text pub-
lications. Web sites of journals and publishers, full-text
databases, electronic catalogs of academic libraries, digital
repositories, e-libraries and academic networks are consid-
ered as a new type of information sources, i.e. scientific
publications. As a result, Information science has to face
challenges of big data processing in order to obtain new re-
sults in different scientific fields.

Structure of a Scientific Publication

A scientific paper is a written and published report de-
scribing original research results [Day, 1979]. The content of
a publication can be divided into several zones [Tkaczyk et
al., 2015]: metadata, body and references (Figure 1). Meta-
data information includes such simple metadata types as
title, abstract, key words, personal records of the author,
such as names and affiliation, file format, unique identifiers,
place of publication and other information. Metadata infor-
mation is located on the cover page of the article. Zone of
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references contains citations to articles, books, e-resources
or web pages, public or legal documents etc.

Body zone contains a combination of different data types
such as publication’s text, images, charts, graphs, tables, di-
agrams etc. Thus, the objective is to localize, extract, store
and process the relevant data. Creating databases by ex-
tracting similar objects from scientific publications makes
it possible to apply modern methods and approaches of in-
formation processing to aggregated samples of these objects
and thereby achieve new results.

Storage Systems for Scientific Publications

Digital repositories, academic e-libraries and full-text
databases have turned into specialized storage systems for
large amounts of scientific publications. These systems keep
to the world standards of data description, provide common
(user) access and allow to work in the automatic mode.

At present the number of repositories and digital libraries
as well as the number of publications on geosciences is grow-
ing rapidly. According to the information provided by digital
e-library eLibrary.ru more than half a million of publication
on geology written by Russian authors is registered in its
database, 32,000 of these publications contain one or more
tables. Most tables inserted in geological articles displays
quantitative data collected by means of analytical study of
samples.

Systems based on extraction of quantitative data from
scientific publication are being developed actively all over
the world. “GEOROC” system (http://georoc.mpch-
mainz.gwdg.de/georoc/) developed under the supervision
of Baerbel Sarbas in the Max Planck Institute for Chem-
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Figure 1. Main zones of a scientific publication.

istry contains more than 422,000 analyzed samples retrieved
from 13,900 publications. [Sarbas, 2008]. Internet re-
source “American Mineralogist Crystal Structure Database”
(http://rruff.geo.arizona.edu/AMS/) contains quantitative
data published in four journals: American Mineralogist, The
Canadian Mineralogist, European Journal of Mineralogy,
Physics and Chemistry of Minerals. The project is devel-
oped by the Department of Earth Sciences, University of
Arizona [Downs and Hall-Wallace, 2003].

The use of standardized storage systems for scientific pub-
lications enables to perform automatic data extraction, in
particular table data from the body of the publication with
the help of modern methods.

Methods of Processing Scientific
Publications

There are two main approaches to detecting and extract-
ing table data from born-digital documents. If publications
or documents are bitmap images, the first step is to use
methods focused on automatic detection of table boundaries,
structure and cells, the second step is to use Optical Char-
acter Recognition (OCR) [Bart, 2012; Seo et al., 2015]. The
disadvantage of this approach is that the entire table de-
tection process may show bad results if there are no cell
separators or if it is impossible to use specific properties of
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Figure 2. 3-zone fragmentation of quantitative data table (top to bottom): title, elements of table,
note.

table cells. Poor performance of the OCR technology also
makes it difficult to ensure accurate data extraction.

Table reconstruction method is based on the usage of
text blocks [Hassan and Baumgartner, 2007; Shigarov, 2009;
Tkaczyk et al., 2015]. In this approach, individual charac-
ters are merged into non-overlapping blocks, blocks of white
spaces and more complex structures: cells, rows, columns,
table regions etc. Block order reconstruction is based on the
rules of cell layout and table structure (margin, gaps and in-
tervals between table elements, box drawing characters and
separator lines etc.). Complexity of the table structure in-
fluences the accuracy of data extraction.

Creation of the Data Portal on Geology of
the Russian Far East

Within the framework of the development of the Informa-
tion infrastructure and in order to support scientific geolog-
ical research of the Russian Far East [Naumova et al., 2015],
we have to deal with the necessity to create quantitative
database.

The digital repository “Geology of the Russian Far
East” (http://repository.fareastgeology.ru) [Naumova and
Belousov, 2014] included in this infrastructure is considered
as a source of a newly created system. The Repository in-

Figure 3. Conceptual scheme of initial table processing in scientific publications.

tegrates metadata and full-text publications on geology of
the Russian Far East, taken from territorially distributed
different-type sources. At present the Repository contains
more than 9000 metadata records and full-text articles in
PDF format. The Digital Repository uses OAI-PMH (Open
Archives Initiative Protocol for Metadata Harvesting) and
OAI-ORE (Open Archives Initiative Object Reuse and Ex-
change) to expose metadata.

Tables that are extracted from geological publications
may have different structure and may be displayed in a va-
riety of layouts. Matrix-like tables and nested tables are
widely used in geological articles. Matrix-like table cells are
laid out on a rectilinear two-dimensional grid. Nested tables
enclose pictures, schemes etc.

In this article, we focus on the matrix-like tables. Such
tables consist of three zones: title, note and elements of
table (Figure 2). These zones provide important information
about the names of geological objects, their geographical
location, types of rocks and minerals, names of analytical
laboratories, methods of analysis etc.

Publication Processing

Scheme of initial table processing in scientific publications
is given in Figure 3.
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Figure 4. ER-diagram of the main entities.

Figure 5. A sample of data provided to the user in PDF format.
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Figure 6. A sample of data provided to the user in Excel format.

Data Harvesting

The OAI-PMH allows to harvest all metadata descrip-
tions of records from the digital repository, HTTP – full-text
articles in PDF format, both protocols works in automatic
mode.

Detection and Extraction

In order to implement the method of table boundary de-
tection, automatic segmentation of bitmap images is used.
PDF documents are converted into bitmap files with the
help of a virtual printer. Blocks of columns constructed in
accordance with the data retrieved after boundary detection
are divided into cells based the layout of text blocks. The
process of localization and extraction of the table title and
note is performed in the similar way.

Data Storing

Table data, descriptions, publication metadata are kept
in the local data storage system run by the relational
database management system (DBMS). Entity-relationship
model (ER) describes the following main entities: publica-
tion, table, catalog, (subject), item (object). Part of the
ER-diagram is shown in Figure 4. Database includes the
following information: publication metadata record in XML
format, table record, quantitative data table in XML format,
list of objects for catalogs and a list of catalogs.

Data Representation

The System gives the possibility to search information
by the use of catalogs and search engines. There are sub-
ject catalogs. The catalog of deposits includes more than
10,000 names from the list of Cadastre of Deposits of the
Russian Federal Geologic Fund “ROSGEOLFOND”. A user
can use a simple search through standard fields of the doc-
ument (authors, title, key words, journal etc.) or through
zones of table record (title, note etc.). By user’s request the
System forms a table record with output data in PDF format
(Figure 5). The metadata record contains table title, bitmap
image, table note, standard descriptions of publications and
the reference to the original article in the Internet.

The user can save the retrieved quantitative data in Excel
format (Figure 6). This format is widely used in geology as
an effective tool of plotting charts and linear dependence on
the user’s PC.

System Prototype

General functional scheme of the system is given in Fig-
ure 7. The scheme not only shows harvesting modules, ac-
cess control system, user interface and admin interface, but
also search, data processing, visualization and export ser-
vices. Settings and correction of data inputting process in
the System are carried out trough admin interface.

The Prototype of the system is available through the In-
ternet. The Prototype is designed as a module of an open
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Figure 7. Functional scheme of the System Prototype.

software platform CMS Drupal run on a general-purpose
scripting language PHP. Drupal architecture makes it possi-
ble to use PHP and create information systems of any com-
plexity. Default functions can be extended by adding sup-
plementary extensions.
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