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Abstract - The novel geoinformation technology and scientific 
infrastructure based on the methods of knowledge engineering 
for performing integrated researches of geodynamic processes 
in seismic prone zones, for studying the physical laws of 
geotectonics, based on the investigation of the deep structure 
and monitoring of the stress-strain state of seismically active 
regions by the methods of active seismology and mathematical 
modeling are proposed. Practical implementation of 
geoinformation technology is based on the data of long-term 
geophysical studies and vibroseismic monitoring of the Baikal 
rift zone. 
 
Index Terms – Geoinformation technology, geodynamics, 
vibroseismic monitoring. 

I. INTRODUCTION 

The effectiveness of research activities largely depends on 
the organization of meaningful access to common digital 
scientific data and to modern information tools that allow 
storage, retrieval, visualization and high level of data 
analysis [1]. In addition, the scientific community is 
experiencing an ever-increasing demand for services that 
allow researchers to get the fullest idea of both the subject of 
research and the results of research, and about scientific 
activity and persons developing various scientific methods in 
the subject domain. 

Such support is necessary for scientists who are engaged in 
geophysical research and detailed study of such a complex 
geological structure as the Mongolian-Baikal mountainous 
region and the Baikal Rift Zone (BRZ). Baikal Rift Zone 
research by geophysical methods began in the middle of the 
20th century [2]. Significant contribution to the study of the 
Baikal rift was made by the Institute of the Earth's Crust of 
the SB RAS, which formed a scientific school on the study of 
continental rifting. Anomalous decompaction in the upper 
mantle of the Earth was recorded under the Baikal rift from 
seismic data. 

Geophysical methods of research play an important role in 
understanding the processes of geodynamics and rifting, 
allowing us to "see" the modern deep structure of the crust 
and mantle. The velocity model P-wave incision was 
constructed from seismic tomography data obtained during 
the Russian-American experiment in 1992 [3-5]. 

The researchers found that one low-velocity anomaly is 
located under Baikal. However, the second is located much 

more south, under the territory of Mongolia, where there is 
no stretching of the cortex. In other studies, in the works on 
deep seismic sounding on the profile crossing Baikal, a zone 
of increased velocities in the lower crust at depths of 30-40 
km was identified [6]. 

Despite the large volume of geophysical studies, the single 
concept of Baikal Rift Zone rifting has not been developed to 
date. Most Baikal Rift Zone researchers are convinced that 
no one of the existing methods is capable of giving a 
complete and reliable answer to the question of how the 
processes of formation and evolution of rifts will develop. 
Only the integration of various research directions will allow 
scientists to establish which of the mechanisms of rifting 
predominated, whether their ratio varied with time, whether 
the processes of crustal expansion and magma formation are 
related or are two independent processes [7].  

The same integration of scientific research is also 
necessary in solving problems related to the medium-term 
forecast of earthquakes. 

II. PROBLEM DEFINITION 

In modern geophysics, existing methods of geodynamic 
processes studying are based on various physical principles 
and the study of temporal changes in the parameters of 
various fields in the Earth's crust: seismic, electromagnetic, 
thermal, etc.  

The study of geodynamics is a large section of geophysics 
and the results of research are presented in scientific articles 
and several general monographs on active and passive 
geophysical monitoring [8-10]. In geodynamics, research is 
often carried out independently of each other and not united 
by a common information space. 

Most authors link the issues of geodynamics and methods 
of forecasting seismic hazard with the accuracy of 
monitoring changes in the structure-sensitive parameters - 
the velocities of seismic waves: longitudinal Vp and 
transverse Vs. A number of researchers are studying the 
relationship of geodynamic processes in the lithosphere in 
the zones of large active faults and focal regions of strong 
earthquakes with spatio-temporal variations of the seismic 
wave absorption field (damping of seismic waves) [11-13]. 

The use of active methods of vibrational seismic sounding 
and monitoring is a modern trend in the study of geodynamic 
processes in Baikal Rift Zone. Studies by the active 
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seismology methodology include experimental work using 
powerful vibrational sources of seismic waves, recording of 
vibroseismic fields, processing of vibroseismic data, 
mathematical modeling of wave fields for realistic velocity 
models of the Earth's crust, analysis and comparison of 
experimental data with theoretical results. In these studies, 
the seismic vibrator CVO-100 of the South Baikal 
geodynamic test site of the SB RAS is used as a source of 
seismic waves. 

The tasks of large-scale vibroseismic research are: the 
study of the characteristics of vibroseismic fields, the 
determination of the structure of the Earth's crust and the 
verification of existing velocity models, the identification of 
informative signs of geodynamic processes in vibroseismic 
monitoring of the geological environment. Vibroseismic 
methods are the most accurate in the determination of the 
spectral-temporal and polarization characteristics of the wave 
field and their changes associated with changes in the stress-
strain state of the Earth's crust [14, 15]. 

The task of a joint study of seismogenesis processes based 
on estimating the parameters of the state of the medium from 
the analysis of multidimensional time series obtained by 
various methods at a large number of observation points has 
not yet been solved. This is connected, in our opinion, with 
three main problems. 

The first problem is that the results of high-precision 
instrumental monitoring observations are unavailable for 
most researchers. On the example of solving the seismic 
forecast problem, this is expressed in the fact that monitoring 
systems often simply accumulate huge arrays of 
experimental data, and theoretical seismic predictions are 
based either on outdated information or on those pieces of 
instrumental data that are available to the researcher. Thus, 
inaccessibility for most researchers of long (long-term) series 
of seismic monitoring data ultimately hinders the detection of 
deviations from long-term trends in geophysical fields, which 
are possible threshold indicators for the occurrence of 
catastrophic earthquakes. 

The second problem is related to the ontological 
complexity of the systems under study and the multifactor 
effect of physical fields of different nature on them [16]. As 
is known, the corresponding definitions are very complex 
and, what is significant, they are not always unambiguous. In 
this regard, the methods of artificial intellect and knowledge 
engineering are of particular relevance, which are capable of 
solving the problems of the cognitive model of the stress-
strain state of the environment and establishing the semantic 
connection of the investigated objects, methods and 
experimental and computational data. 

The third problem is that a wide range of researchers are 
not available convenient services for analyzing the 
parameters of time series, and in particular, vibroseismic 
wave fields, the recording of which is the main task of active 
vibroseismic monitoring of seismic prone zones. Therefore, 
the task of providing web services for visualization and 
analysis of wave field parameters from the data of multi-year 
instrumental measurements obtained at a large number of 
observation points covering the seismically dangerous 
territory is very actual. 

The authors propose a developed infrastructure for 
scientific research, based on experimental and computational 
data of active vibroseismic monitoring of the Baikal rift 
zone. The information infrastructure creates a general 
informational field of the subject area and represents a set of 
computer systems, storage systems for the results of 
experimental and theoretical studies, GIS-services, 
information and computing. 

III. INTELLECTUAL INTERNET-RESOURCE FOR 
INTEGRATION OF DATA AND KNOWLEDGE 

In this work, an ontological approach to the information 
support of research in the field of active seismology is 
realized. It provides the integration of information resources 
of the subject domain without their physical merging. 

An intellectual Internet resource [17] has been developed, 
the architecture of which can be represented in the form of 
two interacting subsystems. 

The first of them - the Scientific Information System (SIS) 
"Active Seismology" - provides users access to data obtained 
during field and computer experiments on deep Earth 
sounding, the means of their visualization and analysis, has a 
cartographic service, and also includes a replenishment of 
users a thematic electronic library containing reports, full 
texts of articles and other documents [18, 19]. 

The basis of the Scientific Information System content is 
the experimental material accumulated as a result of years of 
geophysical monitoring of the Baikal rift zone, which has no 
analogues in the world either in terms of the duration of 
observations, nor in the regularity, or in the area of coverage 
of the seismically dangerous territory. 

 
Fig. 1. Architecture of the Internet resource. 

The second subsystem is the Knowledge Portal, which is 
designed both to systematize the subject domain as a whole, 
as well as heterogeneous data and means of processing them 
presented in the Scientific Information System (Fig. 1). The 
knowledge portal is developed by means provided by the 
Laboratory of Artificial Intellect of the ISI SB RAS [20, 21]. 
The conceptual basis of the information model of the 
knowledge portal is the ontology of the subject area "Active 
seismology" [22, 23]. 

Portal ontology introduces formal descriptions of subject 
domain concepts in the form of object classes and 
relationships between them, thereby setting up structures for 
representing real objects and their relationships 
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Fig. 2. Fragment of the ontology, with the description of the object "111 
Experiment" Profile Baikal-Ulan-Bator ". 

In accordance with this, the data on the portal are presented 
in the form of a semantic network, i.e. as a lot of different 
types of interconnected information objects (Fig. 2).  

 
Fig. 3. Portal page describing the experiment "Profile Baikal-Ulan-Bator". 

Content-based access to systematic knowledge and 
information resources is provided through portal-developed 
navigation and search tools, whose functioning is also based 
on ontology. 

The ontology of active seismology is constructed by 
expanding two basic ontologies-the ontology of the subject 
domain and the ontology of scientific activity. 

From the content point of view, the ontology of active 
seismology can serve to represent concepts of active 
seismology and related scientific fields of geophysics, as 
well as for activities carried out by persons and organizations 
within the framework of this scientific direction. Ontology 
establishes a semantic link between the object and the subject 
of research, the methods of research, the results of the 
research, persons, organizations, projects and publications 
associated with this experiment. 

Information objects related to the object are presented on 
the Portal page with hyperlinks, allowing to go on to describe 
the organizations and individuals participating in this type of 
activity, the research methods used, publications, as well as 
to the experimental data base and the information and 
computing system. The Portal page "111 Experiment" Profile 
of Baikal-Ulan-Bator", which realizes the relations specified 
by the ontology is shown in Fig. 3. 

The knowledge portal by hyperlinks allows you to refer to 
the Scientific Information System "Active Seismology", 
which contains detailed information (metadata) about the 
experiment. 

 
Fig. 4. Page of SIS with the description of the experiment "Profile of Baikal-
Ulan-Bator". The hyperlink from the Portal page. 
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This information includes the experiment map, the 
coordinates of the seismic signal recording stations, the type 
of recording equipment, the schedule of recording sessions. 
Fig. 4 illustrates the display in the user's web browser with 
information about the experiment "111 Experiment" Profile 
Baikal-Ulan-Bator ". 

 
Fig. 5. The page of the SIS. Visualization and analysis of experimental 
seismograms. The hyperlink from the Portal page. 

The reference to the SIS for obtaining information about 
the experiments is made through the request, which indicates 
the number and name of the experiment, the type of source, 
the characteristics of the emitted signal, the location of the 
source and recorders, and the time of the experiments.  

 
Fig. 6. Synthetic seismograms. 

As a result of the processing of the request, a page of SIS 
is formed, indicating seismogram files, graphical 
representation of waveforms, spectral and polarization 
characteristics. An example of processing a request with a 
representation of the correlation seismograms of the selected 
sounding sessions on the Baikal-Ulan-Bator profile is shown 
in Fig. 5. SIS "Active Seismology" includes a section 

containing velocity models of the Earth's crust and data of 
mathematical modeling of vibroseismic wave fields [24-27]. 
This section is directly related to the task of verification of 
velocity models of the Earth's crust in the Baikal Rift Zone. 
Existing velocity models are constructed from the data of 
experiments performed by different methods and have 
significant qualitative and quantitative differences for the 
region. 

The result of the transition by the hyperlink "Synthetic 
seismograms" of the Portal is presented in Fig. 6. Synthetic 
seismograms were obtained as a result of mathematical 
modeling of the full wave field for the velocity model of the 
experiment BEST (Baikal Explosion Seismic Transect) 
performed in the southern part of the RHL. 

By hyperlinks from the Portal page, you can also transit to 
the texts of reports on experimental work on the profile 
Baikal - Ulan-Bator, full-text articles relating to the subject 
and object of research, describing the results of the research. 

IV. ORGANIZATION OF SCIENTIFIC 
COMMUNICATIONS 

At present, dozens of Russian and foreign teams are 
engaged in scientific activities related to BRZ research. 
Professional scientific activity assumes the scientist has a 
multitude of communicative contacts, and scientific research 
aimed at a specific object involves addressing a multitude of 
communication participants, each of which has a role in the 
process of accumulation and dissemination of scientific 
knowledge. 

 
Fig. 7. The Portal page containing the description of the Person. 
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The portal provides quite full information about Baikal 
Rift Zone researchers developing the scientific direction - 
active seismology. Fig. 7 shows the page containing the 
description of the Persona on the Portal page. 

The ontological approach to the systematization of 
information allows us to establish the connection of the 
Person with scientific activity, scientific events, methods and 
publications. By a hyperlink you can transit from the Portal 
page, both to a personal page, and to the site of the SIS 
"Active Seismology". 

Scientific Information System "Active Seismology" is 
based on the principles of Web 2.0, according to which users 
directly participate in the creation of content, as well as in the 
organization of scientific communications. Scientific 
Information System is built on the basis of Joomla CMS. 

Registered users of SIS are provided with the following 
features: 

- additional fields in the user profile; 
- advanced registration management 
- lists of users; 
- contacts between users; 
- bookmarks in the user profile defined by the 

administrator; 
- upload images by users; 
- ability to manage via front-end; 
- integration with many components, such as personal 

messaging systems PMS, mailing lists, forums, galleries. 
Registered users of Scientific Information System can 

establish contact with site participants, publish their articles, 
and comment on the works of colleagues. 

V. CONCLUSION 

In the presented work the following provisions and results 
are new: the ontological approach to the development of the 
original infrastructure for studies of the geodynamic 
processes of seismically active regions. 

 
The developed infrastructure contributes to the successful 

implementation of interdisciplinary Baikal Rift Zone 
research, since it solves the following tasks: 

- Integration of knowledge and data on geophysical 
methods of Baikal Rift Zone research without their 
physical integration; 

- creation of a network of communication and interaction 
of researchers so that they can participate professionally 
in receiving and discussing information, and also attract 
their colleagues from relevant disciplines; 

- ensuring the transfer of actual scientific results, including 
experimental data 

- provision of information and computing services 
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