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Abstract
The analysis of the effectiveness of adaptive training systems
for training personnel to work in regular and emergency
situations at the enterprises of chemical-technological profile
was performed. It is concluded that for the chemical industry
the simulators based on interactive 3D models of production
facility are the most effective.
The analysis of the main causes of emergency in the chemical
industries allows developing a structure of the automated
information system, which is a major component of the
training complex. The classification of all basic objects of the
virtual space was performed to formalize approaches to create
simulators based on interactive 3D models of production
facilities. The combination of these sets of the main objects of
virtual space together with many auxiliary facilities (light
sources, animations, etc.) allowed to produce a formalized
model of the virtual space of production facility.
The proposed theoretical approaches were implemented in the
development of adaptive training complex for training
personnel of chemical enterprises in the Tambov region, the
Russian Federation. The developed adaptive training complex
is focused on the use of 3D models of virtual reality. It also
provides the possibility of training on the real object with the
use of augmented reality technology.
Keywords: adaptive simulator, 3D modeling, visualization,
training of personnel, chemical process systems

INTRODUCTION
The development of industry causes the necessity of
upgrading equipment, creating new automated process control
systems of technological process, and using advanced scienceintensive technologies. This increases the level of
responsibility of maintenance personnel for the operation of
technical systems, when an error can lead to the occurrence of
emergency situations, serious material losses, environmental
disasters and human casualties. Reducing the likelihood of
such errors is possible by increasing the level of competence
of employees through continuous training based on modern
information technologies. Automated information systems
(AIS) make it possible to carry out both theoretical training of
personnel in the main areas of their activity in normal and
emergency conditions, as well as to provide practical training

and acquisition of sustainable skills in managing a technical
system [1].
The existing needs in training systems for the personnel of
chemical process systems (CPS) are not fully met due to the
lack of a unified system approach to their development, the
impossibility of their replication for various industries,
isolation from the real production process. In our opinion,
adaptive simulators (AS) can be the most important
components of this kind of system, which include all the
necessary software and hardware elements for realistic
immersion of trainees in virtual reality. They are also
equipped with the AS adaptation subsystem to take into
account individual psychological and physiological
characteristics of trainees.

ANALYSIS OF APPROACHES TO 3D MODELING
USE IN THE DESIGN OF SIMULATORS
The need for AS is conditioned by the specificity of the
processes of chemical technologies, which consists in the use
of toxic, explosive and fire hazardous substances. Operators
must have strong skills in managing the CPS, diagnosing
possible deviations from regular modes, identifying their
causes, predicting possible consequences, making decisions to
eliminate or localize emergency situations [2, 3]. Obviously,
such skills cannot be obtained in conditions of real-world
manufacturing.
The use of interactive 3D-modeling technologies makes it
possible to study the location of buildings, structures,
facilities, technological equipment, and simulate the
occurrence of emergency situations so as to acquire practical
skills of counteraction and localization of possible accidents.
The development of full-scale simulators cannot be
implemented for CPS due to its high cost, so the creation of
the AS is the main method of improving the quality of training
of the CPS personnel and ensuring reliability of their
operation.
The need to use modern visualization technologies and 3D
modeling in the development of simulators was confirmed by
numerous examples of their successful implementation. For
example, in [4] the structure of AIS modeling of oil spills
emergencies was considered, and in [5] a vessel traffic
simulation system was developed to give the characteristics of
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ships, water surface, weather conditions, etc. The application
of virtual simulation technologies for the analysis of the
motion of orbiting satellites in real time was presented by the
authors of [6]. 3D modeling is also widely used in medicine,
for example, in analyzing the movements of patients to
monitor the process of their rehabilitation [7], modeling of
surgery using VR-technologies [8]. Thus, 3D modeling and
visualization of various processes of human activity are the
part in modern training standards for many areas. Training
and use of these technologies make it possible to achieve a
higher level of practical and theoretical competences,
especially in the field of modeling human activities in
emergency situations that are difficult to implement in the real
world [9, 10], as well as in the military industry [11]. The
creation of virtual simulators, laboratories, and modeling of
technical systems and equipment bring the training of
engineers to a new level [12], including through the
implementation of such training systems as triage [13]. The
use of modern computer tools makes it possible to create an
optimal training course in terms of its complexity.
The reduction in the human factor influence on the occurrence
of technological equipment failures and emergency situations
is the most important factor in improving the reliability of
industrial technical systems. This problem has become
especially urgent in the last decades with the active
introduction of innovative high technologies in the industry,
which significantly increase the complexity of technical

systems management. The number of emergencies caused by
humans in chemical, energy, oil and gas industries,
mechanical engineering and other industries is increasing year
by year. The use of automation tools, decision support
information systems, automated means of preventing
emergencies is aimed at automating the management process
and reducing the number of maintenance personnel, which in
turn increases the requirements for the qualification of
personnel.

THE STRUCTURE OF AIS TRAINING
TECHNICAL SYSTEMS OPERATORS

FOR

We consider the general structure of AIS training for technical
systems operators. It is one of the main software components
of the AS (Figure 1), including the following core modules
[14]:
The Preset Module is intended for setting the initial
parameters of the AIS operation, selecting the simulated
technical system and product, identifying the trainee and the
instructor.
The Reference Module includes help files for work with AIS
training of operators; Description of production regulations;
Drawings and schemes of technical systems; 3D-models of
technological equipment, etc.

Figure 1: The structure of AIS training for operators of technical systems of chemical processes
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The Testing Module is used for testing trainees’ theoretical
knowledge in the subject area.

Authors consider in detail each of the listed sets, the example
of which is shown in Figure 2.

The training system is designed to develop practical skills in
technical systems management in normal and emergency
modes, as well as to provide feedback and make evaluation of
the training.
Within the framework of the AIS, we consider an example of
the developed software for control panels of technical
systems. This component allows not only to simulate real
control panels, but also to provide joint training using network
communication technologies. The LabVIEW programming
environment was used for the software implementation.
Also, within the framework of this software, a module for 3D
modeling of the operator’s working space was implemented,
including the placement of technological equipment and
control systems, workshop premises, production site and other
elements of virtual reality. In this article, authors explore the
approaches to the development of interactive 3D models and
their application in AS for training of personnel in industrial
technical systems. The Unreal Development Kit (UDK) was
used as a development environment.

MODEL OF VIRTUAL PRODUCTION SPACE
When modeling a virtual production space, it is problematic to
classify, create and place a plurality of objects in a scene
using geometric transformations in accordance with the
requirements for the model being created.
Authors consider the main objects of the virtual production
space as a plurality of the following sets:
VirtPr  Ter  BSP  Vol  StM  SkM  PS  AS  TXR  Mat  SC  Lh ,

where VirtPr is the modeled virtual production space;

Ter is a set of landscape objects;
BSP is a set of BSP-Geometry (Binary Space Partitioning)

objects;
Vol is a set of Volumes;

StM is a set of Static Meshes, which are imported into the
working medium from outside editors;

SkM is a set of Skeletal Meshes;
PS is a set of Particle Systems;

AS is Animation sets;
TXR is a set of Textures;
Mat is a set of Materials;

SC is a set of Sound Cues;

Lh is a set of Lights;

Figure 2: Segment of production site model

The Ter -set includes a number of surface areas, each of
which consists of multiple layers Lr (to create an overall
picture of the landscape representation) and a set of
decorations Dec (to create realistic natural landscape of the
production site - trees, grass, etc.).
The BSP -set is represented by objects of BSP-geometry,
which include “filled” and “empty” parts of space. They are
described using a set of closed three-dimensional objects
composed of disjoint surfaces. This principle of constructing a
space is called Constructive Geometry Solid (CGS).
The Vol -set includes volumes, invisible parts of the virtual
space to which various parameters correspond, and which can
have different semantic character, for example, they can
reflect the area in the space in which motion is impossible or
in which actions are supposed to be performed according to
various scenarios.
The StM -set consists of static models of objects that can be
moved in space interactively, combined into more complex
forms with greater detail (compared to CGS technology).
Elements of the StM -set contain information about the shape
of the object (vertex, edges and sides), texture and description
of the collision model, which can be conditionally divided
into three groups: collision-free, polygonal and simple
collisions.
A set of skeletal models SkM is similar to the StM -set,
however, elements of the SkM -set can be animated. The
position of bones is preliminarily indicated, resulting in an
automatic deformation of the external skin of the object
(Figure 3). Such an approach allows combining various
combinations of the object animation.

10417

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 20 (2017) pp. 10415-10422
© Research India Publications. http://www.ripublication.com

Figure 3: Examples of elements of the SkM -set

The PS -set includes elements such as fire, explosions, smoke,
water movement, sparks, clouds, fog, snow, dust, hair and
others (Figure 4).

Figure 4: Editor of the Particle System in UDK
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Figure 5: Binding the animation to the skeleton

The AS -set is a collection of animation scenes that can be
associated with the elements of the SkM -set for their
animation (Figure 5).
The TXR -set includes a variety of individual textures, for
example, wood, metal, fabric, etc., presented in one of the
most common graphic formats (png, tga, jpg, bmp).
The Mat -set consists of a set of different elements, for the
creation of which combinations of textures and various
parameters (displacement, mixing, etc.) are used. Thus, when
creating a material in the UDK, it is possible to achieve the
most approximate correspondence of the material image to the
real prototype (Figure 6). In addition, it is possible to
implement animation of textures.

sounds of working equipment, the environment, the sound of
water, rain, explosions, steps, voice of the announcer, etc. are
used.
The set of lights

Lh is formed by three subsets:

– LhP is a subset of PointLights, the light from which is
equidistant exponentially in all directions of space;
– LhS is a subset of SpotLights, the light from which
propagates in one direction under a given radius;
– LhD is a subset of DirectionLights, the light from which
is similar in characteristics to the sun and can vary according
to the time of day.

The SC -set is formed by a combination of all sound cues.
For the sound design of the virtual production space, the
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Figure 6: Material editor in the UDK
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Figure 7: Illustrations of the interactive virtual simulator

Thus, using the Unreal Development Kit as part of the ATS
the authors of this article developed a model of workshop, the
surrounding buildings, ponds and plantations; the interworkshop and transport communications were laid; 3D
models of equipment located inside the workshop; the
background information was presented in the form of pop-up
windows (geometric dimensions of equipment, process
parameters and others). The examples of models are shown in
Figure 7.

The audio feedback of the technological process (sounds of
different operating modes of the apparatus, alarms, warning
signals) was implemented. In addition to the possibility of
moving in a virtual production space, video clips, showing the
evacuation routes for personnel in the event of emergency,
were created on the basis of the developed 3D model.
The interactive 3D model of the production site, as a
component of the AS, is used to train personnel in the basics
of the implementation of the process and management of the
technical system. It helps to acquire practical skills of working
with the object both in the normal operating modes, and in the
cases of preventing, localizing and eliminating emergencies.
The interactive 3D-environment allows realistic immersion in
virtual reality, familiarization with technological equipment,
production facilities, accident prevention activities and
evacuation plans. The high quality of visualization, the
required level of detail, realism of the model increase the level
of professional training of personnel and reduce the negative
impact of the human factor on the reliability of the technical
system.

of previous sessions on the simulator, both the curriculum and
the components of 3D visualization can be adjusted. The latter
is possible primarily because of the general interactivity of the
3D modeling environment, an example of which we have
presented in this article.

CONCLUSIONS
The AIS, described in the article, is intended for training of
the CPS personnel, as well as chemical engineering students
as part of industrial work placement. Approaches to the
classification and use of 3D modeling components in the
Unreal Development Kit environment were considered.
The article emphasizes the importance of interactive 3D
modeling as one of the main components of the AS, without
which it is impossible to ensure the adaptability of the entire
system in relation to the individual characteristics of the
trainee. 3D modeling remains the central element of the AS
visualization subsystem, regardless of the hardware (monitors,
helmets of virtual and augmented reality) that authors use in
training.

ACKNOWLEDGEMENTS
The work was supported by the Russian Ministry of Education
as part of the project part (project 8.2906.2017 / PP).

REFERENCES
[1]

At the same time, the use of other components of AS – its
learning subsystems, virtual and augmented reality –
represented by hardware and software opens up new
opportunities for customizing the training to the individual
needs of the trainee. Using information about
psychophysiological features of an individual and the success

10421

Karpushkin, S.,V., Krasnjanskij, M. N., Chaukin, Ju. V.,
2005, “The use of virtual simulators in teaching
chemical engineering students and improving skills of
personnel of chemical industry”, Open Education, 6, pp.
51-54.

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 12, Number 20 (2017) pp. 10415-10422
© Research India Publications. http://www.ripublication.com
[2]

Krasnjanskij, M. N., Karpushkin, S. V., Dedov, D. L.,
2009, “System approach to the design of an automated
information system for training of students and operators
of chemical process systems”, Transactions of the
TSTU, 15(4), pp. 926-935.

[3]

Krasnjanskij, M. N., Karpushkin, S. V., Ostrouh, A. V.,
Dedov, D. L., 2010, “Integration of virtual simulators
with the training of operators of technical systems using
Internet technologies”, Distance and Virtual Learning, 7,
pp. 38-49.

[4]

Yu, Y., Mao, D., Yin, H., Zhang, X., Sun, C., Chu, G.,
2015, “Simulated training system for undersea oil spill
emergency response”, Aquatic Procedia, 3, pp. 173-179.

[5]

Varela, J. M., Soares, C. G., 2015, “Interactive 3D
desktop ship simulator for testing and training
offloading manoeuvres”, Applied Ocean Research, 51,
pp. 367-380.

[6]

Wolff, R., Preusche, C., Gerndt, A., 2014, “A modular
architecture for an interactive real-time simulation and
training environment for satellite on-orbit servicing”,
Journal of Simulation, 8(1), pp. 50-63.

[7]

Tamayo, A. J. M., Cheu, L. E. R., Zannatha, J. M. I.,
Sánchez, Á. D. G., Delgado, J. E. L., and Arévalo, W. A.
S., 2013, “Development of a system based on 3D vision,
interactive virtual environments, ergonometric signals
and a humanoid for stroke rehabilitation”, Computer
Methods and Programs in Biomedicine, 112(2), pp. 239249.

[8]

Zahiri, M., Nelson, C. A., Siu, K.-C., 2017, “Design and
Evaluation of a Portable Laparoscopic Training System
Using Virtual Reality”, Journal of Medical Devices,
11(1), pp. 1-6.

[9]

Singhose, W., Kivila, A., Seering, W., 2014,
“Development of an Interactive Textbook for
Command-Shaping Control Methods”, Proc. Hawaii
Stem Conference, Maui Economic Development Board,
Wailea Marriott Resort, Maui, pp. 1-6.

[13] Tayama, Y., Kato, R., Okada, K., 2015, “Triage training
system: adjusting the difficulty level according to user
proficiency”, Proc. 14th International Conference on
Mobile and Ubiquitous Multimedia, University of
Applied Sciences Upper Austria, Institute of Networks
and Security of the Johannes Kepler University Linz,
ACM SIGCHI, Linz, Austria, pp. 139-147.
[14] Krasnjanskij, M. N., Karpushkin, S. V., Dedov, D. L.,
2010, Internet Technologies in Engineering Education.
Automated Laboratory Practical Exercises and Virtual
Simulators, Lambert Academic Publishing, Saarbrucken,
Germany.

[10] Violante, M. G., Vezzetti, E., 2014, “Implementing a
new approach for the design of an e‐learning platform in
engineering education”, Computer Applications in
Engineering Education, 22(4), pp. 708-727.
[11] Bhagat, K. K., Liou, W. K., Chang, C. Y., 2016, “A
cost-effective interactive 3D virtual reality system
applied to military live firing training”, Virtual Reality,
20(2), pp. 127-140.
[12] Potkonjak, V., Gardner, M., Callaghan, V., Mattila, P.,
Guetl, C., Petrovic, V. M., and Jovanovich, K., 2016,
“Virtual laboratories for education in science,
technology, and engineering: a review”, Computers &
Education, 95, pp. 309-327.

10422

