ITM Web of Conferences 35, 04005 (2020) https://doi.org/10.1051/itmconf/20203504005
ITEE-2019

The Use of Simulation Tools in the Development
and Design of Near-Location Systems

Andrey B. Borzov!" and Grigory L. Pavlov!

!Bauman Moscow State Technical University, 2nd Baumanskaya str., 5/1, 105005, Moscow, Russia

Abstract. Based on the principles of didactics, the role of student activity
and independence in the learning process is shown. The approaches are
determined and the place of simulation modeling in the development and
design of systems is shown. Examples of modeling systems are given.
Special attention is paid to the principle of controlled independent work of
the student.

1 Introduction

Of all the definitions that currently exist that characterize learning, the most successful is
V.V. Davydov [1]:

“Education is a focused process of managing the active educational and cognitive
activity of students in mastering professional knowledge, skills, developing creative
abilities, shaping the worldview and personal qualities necessary for students to
independently master the profession.”

Education is a two-way process in which the student and the teacher interact (Fig. 1). It
is in the course of interaction that the education, upbringing and development of a person as
a specialist and person as a whole is systematically and purposefully carried out. This joint
activity of the teacher and the subjects of learning, has as its goal the development of the
latter, the formation of their knowledge, skills, experience, elements of the worldview,
future professional or educational activities.

.
e ———————

Student m Teacher

Knowledge @
(Understand] [ Practice J

Fig. 1. A two-way process in which the student and the teacher interact
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The most important aspect in the above definition, as applied to the tasks of higher
professional education (HPE), set today and the conditions in which they have to be solved,
is, in our opinion, the student’s activity and his independence or, as is now accepted,
motivation [2].

Let us explain the meaning of activity and independence. It is no secret that the current
conditions for obtaining a student's education are such that he is forced to combine the
learning process with the search for livelihoods. In this sense, he is forced to combine a
time schedule and a training schedule. Moreover, often the priority is not the educational
process, and the work itself may be far from specialized professional activity. At the same
time, the value of education is fully recognized by the student, because the ultimate goal, in
his understanding, is a diploma that allows you to acquire a higher social status and ensures
career growth. The ultimate goal of training in fact, as noted above, is the mastery of
professional knowledge, skills, the development of creative abilities, the formation of the
worldview and personal qualities necessary for independent mastery of the profession.

That is, provided that the student has an active need for education (and not just a
document about him), the modern technology of the educational process should allow the
student to independently choose the form of knowledge. We make a reservation right away
that we are not supporters of a cult, the so-called distance education, which is essentially
extramural, but has acquired a different form in connection with the development of
information technology. The disadvantages of extramural education and its compulsion are
well known [3]. However, the objective need for the student to work encourages
universities to introduce elements of distance education and full-time education. This
measure, we emphasize, is forced and caused by the current state of the economy and the
attitude to the education and upbringing of citizens.

Given the foregoing, we will try to formulate the main approaches to the formation of
the educational process at the department. As the main principles, we will continue to
consider activity and independence.

2 Main part

From the point of view of general didactics, the educational process consists of seven
elements: the purpose of training, the content of training, trainees, trainers, methods, means
and forms of training [4,5].

The purpose of training is a system of knowledge, skills, experience, that are formed in
accordance with the model of a professional specialist and state educational standards. In
modern terminology, the goal is the formation of competencies in various fields of
professional and social activity. element of the system of goals of academic discipline, etc.
(Fig. 2).

The basis of the educational process at the present stage should be independent work in
a convenient place, pace and time. The educational process should provide the student with
the opportunity, and in a number of disciplines, the obligation to communicate both with
the teacher and with each other, for example, students' research work (NIRS), course
design, qualification work. It is obvious that with this approach to the student high demands
are made on personal qualities: activity, perseverance, determination, honesty, etc.
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Fig. 2. Educational process and independent work.

The student must possess the basics of the methodology and technique of independent
work, independent acquisition and replenishment of knowledge with the highest
motivation. In addition, for effective training, they must have the skills to work with
modern technical means and information technology. Thus, studying at a university
requires a certain readiness of a student to study, i.e. starting level of education (initial set
of knowledge, skills, experience), material and technical support of the workplace and
confidence in their demand in the future. Modern information technologies allow the
student to move from the object of pedagogical influence to the subject of training, i.e.
become an active participant in the educational process. That is, there is a development and
continuation of the traditions of teaching at Bauman Moscow State Technical University:
“the Russian method of teaching crafts”.

A modern teacher should be able to see the technological, organizational, socio-
economic and socio-psychological possibilities of obtaining the maximum pedagogical
result. Teacher functions depend on the accepted learning model. Teachers can be not only
full-time university professors, but also people with high professional achievements and
involved on the conditions of part-time or hourly wages. The main task of the teacher is:
management of students' independent work; the formation of motivating motives; setting
goals and objectives; transfer of knowledge, experience; organizational activities;
organization of interaction between students; control of the learning process. The teacher
should analyze the assessment of students in the form and content of individual courses and
take them into account when developing educational materials. It helps the student in
drawing up a personal learning path, i.e. activates and directs the student’s independent
work. A variety of functions and the diversity of the teacher's activities require their
specialization. But the main thing that is required from the teacher is not to be a passive
source of educational information, but to skillfully (actively) direct the student’s
independent work. And, of course, we must not forget about the educational role of the
teacher in the universal sense [6, 7, 8].

For modern teaching based on modeling, five general didactic teaching methods are
applicable: information-receptive, reproductive, problematic presentation, heuristic and
research. They cover the entire totality of pedagogical interaction between teacher and
student.

Informational and receptive is a traditional teaching method. Its implementation consists
of a verbal explanation of the teacher and a visual image of a part of the information in the
form of graphs, tables, formulas, etc. on a training board or poster. Currently, the
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implementation of the method is carried out through the verbal presentation of the teacher,
accompanied by multimedia tools (presentations, demonstration of electronic models, films,
etc.). All this allows not only to verbally convey the necessary information, but also to
demonstrate it clearly, which allows to provide the necessary level of assimilation of new
educational material. Thus, the information-receptive method requires different means
(verbal, visual, practical) and forms of manifestation (speaking and listening, showing and
watching), but always its didactic essence is the same - presenting the finished information
to the students and conscious perception and memorization by the students. This method is
most often used to explain to students the essence of the modeling method, the principles
underlying the modeling system, algorithms [7].

The reproductive teaching method is a method of educational activity carried out
according to a specific instruction, with the reproduction of knowledge and practical skills
acquired by students earlier or directly in the learning process.

The reproductive method is aimed at the formation of skills in students. This is achieved
by applying the knowledge available to students on the model, in the framework of the
situations proposed by the teacher. With the help of the task system, the activities of
students are organized, providing for the repeated reproduction of their knowledge, as well
as practical experience. The essence of the reproductive method is that it is aimed at
acquiring skills through the system of tasks organized by the teacher. One of the varieties of
the method is the “do as I” principle, while the teacher formulates the task and shows, by
way of example, the method and options for solving it using simulation tools. Thus, the
basis of the reproductive method consists in repeating and reproducing a certain mode of
activity. The work of students is to complete tasks based on an already prepared sample.

The reproductive method is aimed at enriching students with knowledge, abilities and
skills, the formation of basic mental operations (abstraction, analysis, synthesis, etc.).
However, despite the effectiveness of obtaining the necessary experience, this method does
not guarantee the development of creative abilities, does not allow them to be purposefully
and systematically formed.

Problem-based training is training in which the teacher, systematically creating problem
situations and organizing students' activities to solve educational problems, provides the
optimal combination of their independent search activity with the assimilation of ready-
made conclusions of science. Problematic training is aimed at the formation of cognitive
independence of students, the development of their logical, rational, critical and creative
thinking and cognitive abilities. Based on the laws of the psychology of thinking, the logic
of scientific research, it contributes to the development of the student’s intellect, his
emotional sphere and the formation of a worldview on this basis. Problem-based learning
presupposes not only the assimilation of the results of scientific knowledge, but also the
path of knowledge itself, the ways of creative activity. The basis of problem-based learning
is the personality-activity principle of the organization of the learning process, the priority
of the search educational and cognitive activity of students.

The heuristic teaching method is a method aimed at students finding independently
answers to the questions posed by the teacher. In this case, the main goal is to design
students own meaning, purpose and content, organization and awareness of the need for
training. [9, 10]

Learning based on the heuristic method is the continuous discovery of the new.

The tasks of the heuristic teaching method include:

the formation and creation of students own personal experience aimed at obtaining
knowledge of the future;

constructing each student’s own meaning and filling the learning process.

The heuristic teaching method combines cognitive creative activity. This is due to the
fact that the teacher does not give students ready-made knowledge, but provides them with
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an object, the knowledge of which they must find independently, obtain information and
master it. Physical phenomena, functional circuits, etc. can act as an object. On the basis of
the object, students create an activity product in the form of text, product, concept, etc. In
the framework of the heuristic method, the result of a child’s creative activity is not
predictable, since it completely depends on his basic knowledge and personality. After
presenting the result to the teacher, the students compare it with the already known
achievements in this field and comprehend it.

The ultimate goal of the heuristic teaching method is not to obtain specific knowledge
and skills, but to implement the student’s creative self-realization.

Thus, one of the main methods that allows students to be creative in the process of
teaching a subject is the heuristic method.

Of particular importance today is research training, which acts as a factor in the
student’s self-development and self-determination, and has a significant impact on the
personality and professional development of a specialist [8]. The main feature of research
training is to intensify students' academic work, giving it a research, creative character and,
thus, to convey to students the initiative in organizing cognitive activities. The main goal of
research training is the formation of abilities to independently, creatively master and rebuild
new ways of working in any area of human activity. In research teaching, research is not
just a set of teaching methods and techniques, but its content and meaning. Students,
therefore, form the idea of research not just as a set of private cognitive tools that allow
them to solve cognitive problems productively, but as a leading way of contact with the
outside world and even more broadly - as a lifestyle. Therefore, modern education is no
longer required to simply incorporate research teaching methods into educational practice,
but to focus on the development of research abilities, specially organized training of
students in research skills.

Means of education. In the educational process, both traditional teaching aids are used:
books (in paper and electronic form), which have appeared relatively recently: online
training materials, computer-based training systems in conventional and multimedia
versions that require active interaction.

A special role in technical education belongs to laboratory works and workshops,
independent educational research, and projects. It is these types of educational work that
form the skills of independent work in the field of professional activity. At the same time,
not all modern systems, in particular, systems of near location (SNL), can be presented in
the form of physical systems and laboratory samples. In a whole series of cases, it is much
more efficient to use their mathematical and simulation models. Using models allows a
detailed analysis of the processes occurring in the SNL and identification of the model and
the real system. In modern conditions, almost the entire process of design, experimental
testing, testing and operation is accompanied by modeling at different levels.

Educational - material basis. This is an important component of education, inextricably
linked with the content and methodology of the educational process. The experience of all
developed countries of the world has clearly demonstrated that the systematic expansion
and complication of the educational and material subsystem of an educational institution is
an indispensable condition for the normal functioning of education and the increase in its
economic and social role.

The educational material basis includes material conditions, teaching aids and objects of
study, i.e. a set of material and technical means necessary for training in the established
areas of training in accordance with the curriculum. It includes training and educational
support facilities; laboratory equipment, technical teaching aids, textbooks, teaching aids
and other teaching materials. Modern education is largely based on new information
technologies, the importance of the educational material base is especially growing.
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Simulation [11] is a research method in which the real system is replaced by a model
that describes the real system with which the experiments are carried out with sufficient
accuracy in order to obtain information about this system. Such a model can be used both
for a single test and for a given set of them. The results will be determined by the random
nature of the processes.

This is a special case of mathematical modeling for systems or objects for which, for
various reasons, analytical models have not been developed or creating an analytical model
is fundamentally impossible. Moreover, part of the object can be represented by a physical
object, and part by its model.

In the general case, a simulation model is a logical and mathematical description of an
object that can be used to experiment on a computer for the purpose of designing,
analyzing, and evaluating the functioning of an object.

As a rule, simulation modeling is used in cases:

expensive or impossible to experiment on a real object;

it is impossible to build an analytical model: the system has time, causal relationships,
consequence, nonlinearities, stochastic (random) variables;

it is necessary to imitate the behavior of the system in real or model time.

When developing and designing SBL, the use of simulation models is justified in the
following cases [12]:

formation of input SBL signals reflected from various objects;

design of antenna devices;

development and debugging of signal processing devices, including complex ones;

development and implementation of neural-like signal processing systems;

imitation of real operating conditions of the SBL;

other tasks that are statistical in nature.

The above list is not exhaustive, it only reflects the range of tasks that are most often
encountered in the development and design of SNL.

Simulation systems

Universal Narrow-profile
MathLAB MathCAD v FEKO SystemVue
Specialized
simulating input SBL signals modeling signal processing devices

Fig. 3. The working window of the input signal modeling system.

In the educational process are used as universal modeling programs, such as: MathLab
[13], MathCAD [14], so specialized, narrow-profile modeling systems: FEKO [15],
SystemVue [16] and others. Of course, these simulation systems allow you to perform the
simulation of a whole complex of systems, including near-location systems. However, there
are a number of tasks that cannot be resolved, either in universal or in specialized modeling
systems (Fig. 3).
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In this case, you have to create your own modeling and design environment, which
provides a solution to the tasks. So, for example, the department has developed several
modeling systems for the development and design of SBLs: a system for simulating input
SBL signals (Fig. 4) [17-20] scattered by various objects; a system [12, 21, 22] for
modeling signal processing devices (Fig. 5 and 6) and others.

You must understand that from the point of view of the student, any system of modeling
and design is, to a certain extent, a "black box" that can solve his problems with design. At
the same time, the understanding of the physical principles and algorithms for solving the
equations of the model incorporated into the system is either not taken into account or
simply ignored. In this regard, the role of the teacher is to, in the process of interacting with
the student, force the latter, in the course of independent work with the modeling system, to
study the principles laid down in this system. Of course, the didactic techniques and
methods discussed above are intended to provide basic knowledge on modeling methods
and the algorithms that are embedded in them. However, with an increasing amount of
information, it can neither be conveyed by traditional methods, nor comprehended and put
into practice. It is controlled independent work in the process of full-time interaction of the
student with the teacher that can achieve the goals of the educational process, that is, the
formation of competencies.

A positive effect is achieved with the public protection of the results of laboratory work,
home back and NIRS in the form of a round table or seminar. This has a great educational
effect, when a student not only brings the results of work and answers the questions of the
teacher, but reports them to an audience like him and answers the questions of his
colleagues and teachers. In this case, he rethinks his own knowledge and experience, learns
to discuss, upholds the decisions made.
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Fig. 4. The working window of the input signal modeling system.
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Fig. 6. Simulation results of a signal processing device

3 Conclusion

The use of simulation tools in teaching students the development and design of SNL
consists in solving the following problems (represents the following educational
technology):

- within the framework of lecture courses: obtaining knowledge about SBL as a whole
and the principles of their work, methods for solving the problems of developing and
designing SNL as a whole and its subsystems (information-recipient method);

- within the framework of seminars, to consolidate the theoretical material of lectures
and gain skills in solving particular problems of design and development, learn to plan an
experiment, both full-scale and imitative (information-reproductive, problematic method);

- within the framework of practical exercises and laboratory work, to acquire skills and
abilities, under the direct supervision of a teacher, to solve typical practical problems of
designing and developing SNL using simulation tools on a computer and laboratory stands
(heuristic method);
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- in the framework of educational research, course design, homework, qualification
work, independently consolidate knowledge and skills in the development and design of
SNL (problem-research method), while the role of the teacher consists in consulting support
and monitoring of current results.
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