
SUMMARIES OF THE COURSES 

for the master’s program «Bioengineering Systems and Technologies of 

Rehabilitation and Prosthetics» 

Educational direction 12.04.04 "Bioengineering Systems and Technologies" 

 

Methods of computer processing and analysis of medical and biological data 

The discipline devoted to the study of different methods of computer 

processing of biomedical and environmental data. It discusses methods for 

presenting data, data compression techniques, statistical methods of experimental 

data processing. Much attention is paid to the classification of multidimensional 

observations. The problem of pattern recognition and discussed in detail the 

various methods of detection and their application to problems of automatic 

analysis of biomedical signals. Various classes of biomedical signals and their 

processing methods at different stages: pre-treatment, digital filtering, shape 

recognition, syntactic classification of biological signals. 

 

Modern problems of biomedical and ecological engineering 

The discipline provides masters professional training in the field of 

biotechnical systems and technologies of the control of human and the 

environment state. Modern problems and prospects of biomedical and 

environmental engineering are described. The problems of the use of 

nanotechnologies in medicine, medical robotics, digital X-ray technology, 

telemedicine, implantable medical equipment, and other areas of modern 

biomedical research are considered. 

This discipline is important for the development of professional competencies of 

specialists in the development and use of technical equipment for medical 

purposes. 

 

 

 



Management and marketing in enterprises of medical and technical 

profile 

The discipline provides masters professional training in the field of 

biotechnical systems and technologies of the control of human and the 

environment state. Basic terms and concepts in the field of management and 

marketing in the medical and technical profile companies are described. The 

questions on the assessment of competitiveness of new medical products, service, 

registration of new medical equipment, the process of market segmentation, 

pricing and demand generation and sales promotion are considered. 

This discipline is important for the development of professional competencies of 

specialists in the development and use of technical equipment for medical 

purposes. 

 

Biotechnical systems and technologies 

The discipline is intended for master students of the “Bioengineering 

systems and technologies” training program to form the basic knowledge in the 

field of bioengineering systems synthesis and technologies application during 

systems functioning. The emphasis is made on the bioengineering system as the 

particular type of human-machine system where biological object (human) and the 

technical units are combined in united contour of the goal directed behavior. 

Principles of the bioengineering systems development, generalized structure of the 

bioengineering system, system’s control contours, channels of informational 

interaction between technical units and biological objects, mathematical simulation 

role at the bioengineering systems development, the problems of the models 

adequacy evaluation, substantiation of the model adequacy level according 

bioengineering system objective, the stages of information transformation during 

system functioning are described. Special emphasis is made at the problems of 

picking up and registration of biomedical information, biomedical signals and data 

processing and analysis, diagnostics of the biological object’s state and forming of 

the medical actions with the goal of biological object state change. The examples 



of bioengineering systems synthesis for solution of different problems of 

diagnostics, treatment and human health state prediction are described. 

 

Rehabilitation systems and technologies 

New innovative technologies used in the rehabilitation of patients with 

disorders of the musculoskeletal, circulatory, nervous, immune and endocrine 

systems, respiratory systems, adaptation and self-regulation, as well as basic 

principles of construction of systems that implement these technologies are 

described. The problems of synthesis of structures of such systems, their 

methodical, informational, instrumental support are considered. Theoretical aspects 

of the development of rehabilitation systems complemented applied aspects of 

their application are considered. 

Discipline is important for the development of professional competencies of 

specialists in the development and use of technical equipment and prosthetic and 

rehabilitation. 

 

Design and development of electronic systems 

Discipline focused on training of specialists in the design of various medical 

systems (especially diagnostic ones); understanding of basic methods of electrical 

circuit’s calculation and hardware simulation, including the use of modern 

computer-aided design (CAD). Students learn basic ideas, methods and techniques 

of systematic approach for finding technical solutions in the design of electronic 

systems. These studies include general concepts, approaches, properties, 

classifications and methodology for creating and optimizing the architecture of 

electronic systems, subsystems and their components, designed with application of 

modern electronic components and rational balance between hardware and 

software parts of the designed system.  

General theoretical and methodological materials are backed up with specific 

examples and techniques, connected with design, calculation and simulation of real 

modern diagnostic systems (like ECG monitors, arterial blood pressure meters, 



patient signal simulators and many others). This discipline provides the solid 

foundation for the formation of scientific and engineering approach in designing of 

medical equipment, improves skills of systematic approach to solving complex 

technical problems. 

 

Technologies for estimation of prosthetic objects characteristics 

This course is designed for master students to give an understanding of 

techniques in clinical gait analysis in prosthetics and orthotics as well as disability 

assessment using motion capture systems. 

Motion analysis system is the gold standard in clinical gait analysis which is used 

for assessing gait pathologies by analyzing kinematics and electromyography 

(EMG). During this course, students will learn biomechanical tools for measuring 

movement and force data collected by almost any motion capture system. The 

course will focus on understanding biomechanics, muscle mechanics, inverse 

dynamics, EMG analysis techniques, kinematic and kinetic data analysis, 

interpretation of data. Students will also learn the advanced software tools for 3D 

biomechanics research and data management which can be used by researchers 

studying rehabilitation, neuroscience, engineering, robotics, sports (performance 

tracking, injury prevention, exercise studies) orthopedics, prosthetics, animals 

studies, disability assessment and much more. The course has been designed to 

give theoretical and practical knowledge. 

 

Automation of biomedical research 

This discipline provides professional preparation for graduates in the field of 

biotechnical systems and the state of human control of technology. We present 

new, innovative technologies used in the automation of biomedical and 

environmental research as well as the basic principles of systems that implement 

this technology. We will consider the questions of synthesis and structure of such 

systems, as well as their methodical, informational, and instrumental support  



This discipline is important for the development of professional skill for experts 

for the development and uses of technical tools for automated biomedical and 

environmental research. 

 

Simulation in bioengineering systems 

The discipline is dedicated to the aspects of modeling methods 

implementation in the development of bioengineering systems. It covers the 

questions of creation, approbation and improvement of models derived from 

engineering practice and scientific research. The particular emphasis is placed on 

the specific modeling approach in the fields of biomedical engineering, medical 

informatics, computational statistics and informational technologies. The questions 

of computer modeling of complex systems are covered with the help of real 

examples derived from practice. Special attention is given to the study of modeling 

principles by creating of basic models in modern software for mathematical 

modeling and programming. Theoretical knowledge acquired in the course is 

corroborated by practical mastering of modeling methods during laboratory works. 

 

Biomechanical simulation of prosthetics objects  

The discipline studies the theoretical foundations of mathematical and 

physical simulation of the prosthetics objects and  methods of their modeling 

using software packages in various areas of medical practice: cardiology, 

traumatology, orthopedics, otolaryngology, ophthalmology, urology, hernialogy, 

neurology.  

 

Interdisciplinary project 

«Rehabilitation systems development 

 at functional violations of an organism» 

The development of an Interdisciplinary project (IP) is one of the most 

important final stage of basic education of the Master's program in the direction of 

12.04.04 "Bioengineering Systems and Technologies". This type of certification 



works is an independent educational and research development and requires an in-

depth study of the students individual problems of professional activities related to 

the establishment and operation of medical rehabilitation systems. IP secures the 

acquired knowledge and skills, and aims to develop students' professional skills. 

 

Automated analysis of images 

The problems of image analysis and processing are studied. Focus is made 

on specifics of digital raster images of medical-biological objects – medical 

images. Procedure of medical images obtaining is described briefly, with attention 

to specific nature of visual perception of images on monitors. Basic methods of 

images analysis and processing are discussed, along with the examples of 

application to medical images. The issues of images compression and quality 

estimation are addressed. The theory investigated is supported by practical training 

of automated image processing techniques. 

 

Computer Aided Design of Rehabilitation Equipment 

The computer aided design course focuses on applying technical skills in 

development, design and manufacture of various components of medical 

rehabilitation equipment with application of modern CAD software packages. The 

program covers all design stages, including the development of electrical 

schematics with additional simulation of circuits in Microcap software, routing of 

printed circuit board in cloud-based CircuitMaker CAD program, modeling of the 

device enclosure in SolidWorks. Students will also gain fundamental knowledge of 

rapid prototyping technologies to give them a broader understanding and skill base 

in manufacturing of medical devices. 

The program focuses on applying technical skills to create working drawings and 

computer simulations for a variety of applications. Knowledge in the field of 

computer-aided design of medical rehabilitation equipment are extremely 

important for professionals who design medical equipment. 

 



Tools software system 

Discipline is to develop students' skills in software development using 

different algorithms, as well as the construction of facilities that use complex 

database structures. Emphasis is placed on addressing the challenges facing the 

health technical specialists. 

 

Information systems in medical rehabilitation 

The Master course is designed for students of medical engineering fields, the 

purpose of which is to obtain general concepts and knowledge about the structural 

organization of information systems in hospitals as well as electronic health 

records and the use of medical databases. Covered are the concepts of healthcare 

delivery systems, their integration with workflow processes and employee and 

patient management, clinical data collection, storage management, data 

confidentiality and security, and further exploration of medical databases and 

manipulation for decision support including evidence-based practice. Students will 

learn how to use medical databases, store and use statistical tools for evidence-

based clinical research. The course has been designed to give theoretical and 

practical knowledge. 

 

Test methods and technology research 

The discipline is devoted to the study of the general principles of 

construction of information test systems used in biomedical practice, and specific 

examples of such complexes in ophthalmology, psycho diagnostics and to explore 

the synergies operators. 


