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Abstract. The main directions of improving training that can be achieved
as part of the introduction of new software in the teaching of engineering
disciplines are considered. The necessity of ensuring the continuity of
training within the framework of a unified concept of using software tools
is noted. The analysis of needs in the formation of new competencies based
on the results of a survey of graduate students of BMSTU, and the views of
employers, which showed the closeness of the representations of students,
teachers and employers. It is noted that the developed software application
technologies should guarantee their inextricable link. New approaches to
the teaching of engineering disciplines based on computer modeling, which
are used in world practice, are considered. Trends in the application of
modeling technologies, including the use of integrated software products,
are noted. The main modern trends are active training and teamwork, group
training. These computer technologies have taken the project approach to
learning to a new stage. New software products allow not only the
formation of special competencies, but also provide the opportunity to
acquire important communication skills. New opportunities for student
motivation are opening up. Access to an open electronic educational
environment, including open packages of applied engineering design
programs allows you to create self-education skills, without which it is
impossible for an engineer to work in rapidly changing conditions. The
active role of the teacher in effective and competent self-education is
noted.

1 Introduction

1.1 Backgrounds

The deep internal connection of the needs and capabilities of both society as a whole and
the hotel individual, which is the engine of progress, at each stage of development has its
own forms, features, and trends. Currently, one of the most important areas is the rapid
development of information technologies, which have changed a lot in economic, social,
industrial, educational aspects.
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The common name digitalization requires analysis and understanding of manifestations
in specific areas. One of these areas, looking to the future and largely determining the
development of society, is the digitalization of education.

Let us analyze what needs and opportunities are currently available in the field of higher
education, using the example of the use of new computer technologies in the training of
engineering personnel.

To make such an analysis fruitful, we will identify methodological aspects of the use of
digital technologies, focusing on the use of relevant and advanced software. At the same
time, the main criteria for effectiveness will be the ability to provide answers to new
challenges and needs, the advancing development of technologies, and the mutual
enrichment of different areas of society.

Some aspects of the use of computer technology were considered in the works of the
author [1, 2]. This article discusses a wide range of tasks of using computer technology in
the training of specialists, taking into account both international experience and training
concepts at BMSTU and the author's experience of methodological work and teaching
disciplines of the direction "Mechatronics and Robotics".

1.2 New approaches in the world practice of teaching engineering disciplines
based on computer modeling. Review

Design approach. Currently, the abbreviation Project-Based Learning (PBL) has been
fixed [3]. The use of PBL is widely recognized among students and employers. However,
some problems persist, such as:

 improving interaction with the course of design basics - design calculations;

* enhanced expert judgment;

+ expansion of the project coordination group,

* updating tools for collecting and analyzing data.

Engineering design. Existing studies show that D / A / A (Disassemble, Analyse,
Assemble-Disassembly, Analysis, Assemblage) actions can become popular methods for
providing students with engineering design and enriching their practical experience [4].

Project management. Scrum is a flexible Agile Methodology project management
framework with extensive application capabilities for managing and monitoring iterative
and incremental projects of all types.

Active training and teamwork, group training. In [5] it was shown that analogy
(realistic examples) is the best teaching technique for the active learning process. Students
rated lecture videos and brainstorming. This study suggests that there is a need for a
paradigm shift from traditional learning to active learning.

Paper [6] analyzed the advantages and disadvantages of using project-based learning
(PBL) in combination with collaborative learning (CL) and industry best practices
integrated with information and communication technologies, open source software and
open source hardware , for the task of designing specialized microcontrollers and
developing embedded systems. The new system is called cooperative PBL (CPBL).

Based on the Scrum project management methodology [7] - project management in the
field of computer software product development, eduScrum was developed, the essence of
which is the delegation of greater responsibility for the management of the educational
process from teachers to students, both in terms of time and action management. This
flexibility allows for several profiles of students to actively participate in the learning
process, implementing the ideas of mutual learning and correction of interactions [8].

Paper [9] described how the software industry requested professionals with teamwork,
data analysis, and problem solving skills, which further complicates the task of educators in
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software engineering (SE). The adoption of active learning methodologies, such as group
learning (TBL), was one of the learning strategies.

STEM education. EASTEM [10] is a term used to generically refer to the teaching of
disciplines within its field - science, technology, engineering and mathematics, as well as
an interdisciplinary approach to teaching, which increases students' interest in areas related
to STEM and improves problem-solving and critical skills analysis.

New approaches in the use of information technology. In [11] a set of new
methodologies used in teaching computer science is shown. The theory of genetic-cognitive
psychology and the psychology of dialectics served as the basis for the development of the
following methodologies: game theory, constructive approach, personalized training,
problem solving, joint training. The results show [12] that multimedia teaching aids can be
very useful for creating a solid foundation for further research. They act as multipliers for
students' capacity building efforts and promote self-learning.

An integrated approach to the use of computer technology has found wide application in
the construction industry [13] BIM (Building Information Modeling) BIM Methodology
(Building Information Modeling).

Operations Research (OR). It covers areas such as [14] management, business,
economics, electrical engineering, civil engineering, chemical engineering, and related
fields.

New software development concepts. DevOps, a new concept for software
development, is described in [11].

A virtual reality. Virtual reality is widely used in a variety of design tasks. Virtual
reality technologies find their application by modeling interdisciplinary industrial projects.
The skills acquired in the process of mastering virtual reality methods are as follows: a
methodological approach to practical engineering tasks, teamwork, work in
interdisciplinary groups, and time management [15]. Virtual reality technologies are used in
simulations, for example, in training naval officers [16]. Important here is the development
of real-life scenarios in combination with e-learning. The use of augmented reality
technologies [17] will increase interest in the study of disciplines, improve the process and
learning outcomes [18]. Virtual laboratories are complemented by remote laboratories [19].

In [20], engineering tasks are described that work on platforms with consistent and
intelligent three-dimensional virtual models. Methodology for Building Information
Modeling (BIM).

Information technology in the control of learning. These technologies must fit in,
i.e., is an integral part of the main software product.

Examples of such an implementation: content management e-learning [19], CODY
courses MATLAB.

Digital teaching methods are increasingly found in university education, and digital
icons [21] offer a new and evolving way of motivating and encouraging students to achieve
learning. Each digital icon has been aligned with learning assessment results. In particular,
two skipping methods were tested during the biennium: an external open badge that
indicates completion of the acquisition of certain skills that students could show through
their LinkedIn accounts in support of their resumes; and an internal digital icon
corresponding to predefined university performance levels using the Blackboard University
Learning Management System (LMS).

Theory of motivation and computer modeling. In [22], five criteria five-factor theory
of adult learner motivation are taken from the theory of motivation of an adult student
Raymond Vlodkovsky (the experience of teachers, relevance of content, choice of
application, practice (action plus reflection) and group work). They were proposed as the
basis for the development of engineering development curricula.



ITM Web of Conferences 35, 04020 (2020) https://doi.org/10.1051/itmconf/20203504020
ITEE-2019

New concepts for preparing and developing curricula. A wide range of established
methodologies in the educational field is described in [23]. Seven methodologies are
outlined:

+ Case Study;

* Grounded Theory;

+ Ethnography;

» Action Research;

* Phenomenography;

* Discourse Analysis;

* Narrative Analysis.

In [24, 25], a methodology is proposed for developing curricula for professional
software engineers based on the target model. The strategic goal of professional software
engineers is determined, and three tactical educational sub-goals for the acquisition of
advanced software development technologies, software development practices and the
formation of a leadership philosophy are deduced.

In [26] it was shown that software engineering is a key topic in computer education. In
order for this course to remain relevant and relevant, it is important that students are
familiar with current software development tools and techniques. Features such as project
management, requirements tracking, configuration management, collaboration tools and
team communication are ideal for practical work. In the project's boundaries. software
engineering methodology (SEM)

In [27], case study research methodology (CSM) technology was described.

In [28] a pedagogical strategy is described, which the authors call UnLecture. It lies in
bridging the gap between software, engineering, and computer education.

Open Learning and Online Courses. Massive Open Online Courses (MOOCs) are
described in [29]. Massive Open Online Courses (MOOC) have recently gained high
popularity among various universities and even in global societies. An important factor in
their success in the effectiveness of teaching and learning is the assignment of grades.
Traditional methods for assessing assignments do not scale and do not provide timely or
interactive feedback to students. To solve these problems, [29] introduced interactive
training based on games and the Pex4Fun learning platform - browser-based learning

An important issue is the availability of information. The HAL system is described in
[30] - it is an interdisciplinary open access archive for storing and disseminating scientific
research documents, whether they are published or not

Internet of things. The Internet of things can be understood as the infrastructure of a
dynamic global network with the bandwidth of self-configuration, based on standard
communication protocols, where things - physical and virtual - have identity, physical
attributes and virtual personalities. In [49]. A methodology based on model-driven
engineering with various levels of abstraction, points of view and granularity is proposed.

Use of mobile devices. A new learning and software development framework that
combines Agile methodologies with the Challenge-Learning (CBL) framework [31].
Combining Challenge-Based Learning with the Scrum Framework. Mobile application
development Mobile learning (m-learning). The development of software for mobile
devices to support learning is essential for the effective implementation of mobile and
mobile learning environments (MLE).
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2 Development of methodological aspects of the use of
computer technology in the teaching of engineering disciplines:
Three points of view on modern training using digital
technologies

2.1 Needs for the formation of new competencies: students' view

Questioning of undergraduates of the faculty of SM MSTU. N.E. Bauman showed that
students want to be well prepared for their professional life and expect more courses with
the practical application of theoretical knowledge gained in the learning process. Basic
needs and expectations relate to the following aspects:

+ linking items to practical tasks; more applied practice. An increase in the volume of
hours of laboratory work with the possibility of working in classrooms using personal
computers; an increase in the number of workshops, excursions, practices and lectures of
representatives of enterprises to grow;

 the use of relevant and new materials in teaching, more visibility and relevant
information;

+ enhancing interaction with enterprises and departments in related fields;

* inclusion in the program of hardware and software semi-natural modeling for
studying the physics of the behavior of designed objects;

* a deeper study of modern programming languages: C #, JavaScript, Phyton, R and
others;

+ time management, planning your studies with the help of new software products;

+ group course projects of students with a separate plan for each student and appropriate
control;

* development of a project from setting a task to a prototype.

2.2 The view of teachers: the main directions of improving training that could
be achieved as part of the introduction of new software in the framework of
engineering training

They are:
« strengthening of practical orientation;
* group design;
* new means of virtual reality;
* strengthening of intersubject communications;
* end-to-end design using modern means of information technology;
* New software engineering technologies.

2.3 Employers needs

According to the Institute of Mechanics Problems of the Russian Academy of Sciences,
which analyzed the basic requirements for training specialists in the field of robotics and
mechatronics, graduates should be ready, among other things, to use computer technology,
including software tools:

+ comparative analysis of options for possible fundamental decisions on algorithmic
and software products;

* development of structural and functional diagrams of robots and circuit diagrams of
devices using computer-aided design;
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+ selection of system-wide software tools and design of software systems that ensure
the functioning of robots and robotic systems;

« applying a system-wide optimization strategy to build robots and robotic systems;

+ development of project design and program documentation for the technical project
for the product as a whole;

* development of mathematical models of robotic and mechatronic systems, their
individual subsystems, analysis of mathematical models by computer simulation methods;

» modeling of objects and processes in order to analyze and optimize their parameters
using available research tools, including standard and subject-oriented application
packages;

* implementation of an experimental research program, including the selection of
technical equipment and processing of results.

2.4 Discussion

The analysis of the needs in the formation of new competencies showed the similarity of
representations among students, teachers and employers. In the process of preparation,
there is an interaction of three participants: student - teacher - employer. It is obvious that
the developed technologies should provide this inextricable link.

3 Implementation of the continuity of training on the example of
teaching robotics and mechatronics in a two-level bachelor-
master system

3.1 Bachelors

Analysis of the plans of bachelors showed that at present almost all disciplines have a
component that is somehow related to the use of software and computer technology in
general. In Fig. 1. disciplines that directly use the software are highlighted. In recent years,
the use of information technology has also been actively introduced into the teaching of
mathematical and other general technical cycles.
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Fig. 1. Plan of bachelor.

3.2 Master training

The main components of the training of masters in mechatronics and robotics are presented
in Fig. 2.

Design and
construction of MS

and RTS
ion devices,
Manageme tems and

and its Applic: computer
Research a hnologies

Electronics and

microprocessor
technology

Fig. 2. Main components of the training of masters.

The table shows the data on the formation of master training programs in accordance
with the requirements for competencies in the field of theoretical training and design of the
main systems of robotics and mechatronics.
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Table 1. Requirements and master training programs.

Groups of components used
in the structure of robotic Masters program disciplines
and mechatronic systems

Sections of in-depth study of control theory in mechatronics and
robotics.
Sections of in-depth study of the theory of automatic control.
Intelligent systems in mechatronics and robotics

Control systems.

Optimization methods and their application in the design of
control systems for objects of robotics and mechatronics.
Computer-aided design of robotic and mechatronic systems.
Modeling and research of robotic and mechatronic systems.
Methods, algorithms and software and hardware for autonomous
motion control of robotic and mechatronic systems

Algorithms and software

Information systems and technologies in mechatronics and
robotics.
Sensors Modern electronic devices of robotic and mechatronic systems.
Methods, algorithms and software and hardware for autonomous
motion control of robotic and mechatronic systems

Transport Designing Mobile Robots

Motion design of robotic and mechatronic systems.

E
nergy Designing Mobile Robots

Design Design of robotic and mechatronic systems

Microprocessor devices of motion control systems for robotic
and mechatronic systems.

Methods, algorithms and software and hardware of autonomous
motion control of robotic and mechatronic systems.
Information Management and Information Technology Project
Management Technologies

Communication

Manipulator design.

Technological Payload
g y The use of mechatronic and robotic systems

An analysis of the programs of disciplines studied by masters also shows that almost all
disciplines currently have a component associated with the use of modern information
technologies.

In this regard, ensuring the continuity of training within the framework of a single concept
for the use of software comes to the fore.

4 Strengthening interdepartmental relations in the framework of
the use of computer technology

An important task in the training of engineers is the formation of communicative
competencies of a special type that ensure mutual understanding of specialists from
different industries in the framework of creating a single complex system.
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4.1 The first step is a single training in the field of application of basic
software

In Fig. 3 the structure of the most used software is shown (the results of the analysis of the
programs of disciplines of BMSTU related to computer modeling).

EMATLAB HANSYS
1 SolidWorks W Visual Studio
® Other programms

Fig. 3. Software packages.

4.2 Deeper inter-department training

It can be achieved through the mutual reading of disciplines that form the appearance of an
engineer with wide profiles in an enlarged direction, for example, in the field of special
engineering. There is such experience, but one can go for even deeper integration through
the creation of a common integrated program. Such a unifying program can serve, for
example, the theme "Software and hardware systems for simulation and training for facility
management".

Training technologies today are complex systems, modeling and simulation systems,
computer programs and physical models, special techniques created in order to prepare a
person for making high-quality and quick decisions. Obviously, in such programs,
computer modeling can play a decisive role not only as a means of solving practical
problems, but also as a means of interdepartmental integration. Simulators today are
characterized by the use of machine learning principles along with traditional approaches,
when the simulator is able to develop along with the trainee. The main parts of the
simulator, such as a modeling computer, operator interface, instructor station, simulation
models used in a simulation computer, realistically reflect the interaction of components
and systems of the simulated process.

The following is a list of inter-department disciplines based on the use of integrating
computer technologies:

+ information systems and technologies in mechatronics and robotics;

« algorithms and software for robotic and mechatronic systems;

 microprocessor devices of control systems;

« fundamentals of scientific research and testing of wheeled and tracked vehicles;

+ computer-aided design;
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+ mathematical modeling of work processes of ground transportation and technological
complexes

* orientation and navigation systems;

* motion control of aircraft.

5 The main trends and requirements for the use of computer
modeling

5.1 Fundamental trends

At the present stage, the following fundamental trends can be identified:

+ Implementation of a systematic approach to modeling;

* Support for semi-natural modeling by connecting an increasing number of devices
from different manufacturers;

* Organization of interaction between different software products;

+ Expansion of application areas;

* Interaction and mutual enrichment of various disciplines;

* Continuity in the use of the modeling method in accordance with the curriculum;

* Formation of an electronic educational environment.

5.2 Systems approach

Computer programs and systems aimed at software support for modeling should meet the
mandatory requirement of a systematic approach, i.e. Support the following model
requirements:

* integrity;

+ the presence of the objective function;

* hierarchical structure;

* the presence of a large number of elements;

* elements interact over time;

 Elements are combined into subsystems;

* subsystems have a sufficient number of direct and feedbacks between each other

(each subsystem has a local objective function).

5.3 Application of the principles of the engineering school of MSTU. N.E.
Bauman in approaches to computer modelling

In Fig. 4 a diagram showing the features of an engineering school is shown and the duality
of the requirements for the implementation of computer modeling is noted.

10
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Traditions of the engineering school of BMSTU

Modeling m BMSTU

Fig. 4. Engineering school and modeling in BMSTU.

5.4 Analysis and synthesis are two sides of the process of effective computer
modelling

The most important methodological aspect of the application of modeling is its
bidirectionality: analysis and synthesis.

In Fig. 5 an example of the application of computer modeling technologies as part of the
development of DAC-ADC (digital-to-analog and analog-to-digital converters) is shown.
The task is of great practical importance in at least two aspects:

« direct use in control systems having a digital and analog part;

* use in semi-natural modeling and computer design, when the individual elements of
the system have a different nature.

TASKS OF DAC-ADC MODELING

PIDENTIFICATION OF TASKS KNOWLEDGE INTEGRATION

. ..’ .

Fig. 5. Application of computer modeling technologies as part of the development of DAC-ADC.

11
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Modern computer technology in engineering training offers great modeling
opportunities. For example, technologies of parallel computing are actively used. However,
with the growth of technical and software capabilities, the volume of computations also

grows. Therefore, it is necessary to form competencies for the efficient use of computing
resources [1].

5.5 Using integrated software products

Currently, there is a clear tendency to use integrated software products. An example of a
structure for integration is MATLAB.

For example, to develop control systems, the following related products are used:

* Calculation - Toolbox ™ Management System, Toolbox ™ Optimization

* Visualization [2] - Virtual Worlds, Simulink® 3D Animation ™;

* Implementation - microcontrollers; (dspMicrochip example); FPGA programmable
logic integrated circuits (e.g. Altera ™ products); PLC programmable logic controllers
(Fastwel ™ example).

In Fig. 6 showing examples of integrated products with MATLAB.

MITERG,. o\ MathWorks

MICROCHIP HDL Coder
’ B Qs s
MATLAB fSln}ul]nk . gDL Iwge ge;ne‘ratlorr; I;;Dm r’\.‘ﬂﬁleLﬁB code, I
Device Blocksets for dsPICY DSCs imulink models, and Stateflow charts f

~ Targstindepencent HOL code 1) Dl
— IEEE 1378 compliant UHDL,
— IEEE 1384-2001 compliant Verilag

« Verification
— Generale HOL test bench
Mentor Graphics? Model Sim*
il

owsouen
Verify

« Wiorkllow integration
— Integration with FPG/ tools

- so.Cuss
Optimize for arsaispeed

HDL

—TT Simulink PLC Coder

Altera DSP Builder Design Flow

& A Maiworks
£ i

"

Fig. 6. Examples of integrated products with MATLAB.

An important advantage of such products is the possibility of dual use (Fig. 7):
* three practical tasks of automated research and design
« tasks of forming competencies in the field of scientific and design activities.

12
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CAN THE SOFTWARE PRODUCT SOLVE SIMULTANEOUSLY?

SN
Computation ’
‘ Visualization
Implementation
Tasks of forming
competencies in the

field of scientific and
design activities

THREE practical tasks

of automated research
and design

MATLAB as a tool for development and self-
education

Fig. 7. MATLAB development and self — development tool.

6 Conclusions

At this stage, the digitalization of education opens up wide opportunities for improv-ing the
training of future engineers and it is important to fully ensure the methodolog-ical
component of their application in the trinity: student - teacher - employer. The active use of
integrated software products allows you to build practical skills for a comprehensive
solution to an engineering problem. A digital educational environment is actively used, in
particular, it is preferable to conduct monitoring of training in the same software products
on which students are trained. The main modern trends are active training and teamwork,
group training. These computer technologies have taken the project approach to learning to
a new stage. New software products allow not only the formation of special competencies,
but also provide the opportunity to acquire important communication skills. New
opportunities for student motivation are opening up.

Open training, access to open source software in engineering and other fields made it
possible to take students to a new level of self-education, without which the work of an
engineer is impossible in rapidly changing conditions, and which, undoubtedly, requires an
attentive look and control of teachers.
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