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1. Place of the course in the structure of GEP (General Education Programme)
The course «Biomedical Sensors and Signals» refers to an optional interdisciplinary professional unit of GEP «Biomedical sciences and engineering» (М1.ВМ1.1)
The course «Biomedical Sensors and Signals» is preceded by the following courses (PREREQUISITES): 

ДИСЦ.Б.М2 "Biophysical fundamentals of living systems",

ДИСЦ.В.М3 "Biotechnical Systems and Technologies".

The contents of «Biomedical Sensors and Signals» course sections are consistent with the contents of the courses required to be studied simultaneously (COREQUISITES):

ДИСЦ.В.М.1.3.1 «Computer Assisted Clinical and Laboratory Diagnostics»,

ДИСЦ.В.М.1.5 «X-ray Equipment».

2. Course learning outcomes
In compliance with the primary curriculum requirements, mastering the course is focused on developing the following competences (learning outcomes), including competences in accordance with the Federal State Educational Standards:
Table 1
Learning outcomes to be achieved by studying this course
	Learning outcomes
(competences from the Federal State Educational Standards)
	Learning outcomes

	
	Code
	Knowledge
	Code
	Skills
	Code
	Experience

	LO  1

(ОПК-1, ПК-2)
	K1.2

	The principles of the system concept, which is based on the analysis and synthesis of biotechnical systems; 
	S1.5


	To develop medical diagnostic, research and information systems and to optimize their structure;
	E1.5


	The methods of calculating the basic functional characteristics of biotechnical systems;

	LO  2

(ОПК-1)

(ОПК-2, ПК-2)
	K2.2

	Characteristics of biological systems as elements of measuring and control engineering systems;
	S2.3


	Formulate the tasks of realization of upcoming trend in biomedical and environmental engineering;
	E2.2


	Experience of methodological analysis of scientific research and its results. 

	LO  3
(ПК-1, ПК-2)
	K3.2


	Methods of diagnostics and forecasting used in biotechnological systems, hardware and software tools necessary for the researcher to the automated analysis of data of biome-dical experiments.
	S3.1

	Apply the methods diagnostic research;
	E3.1
E3.2


	Schemes of technical support of diagnostic and treatment process.
Work with modern hardware and software of biotechnical systems research;

	LO  4
(ПК-1)
	K4.2

K4.3


	Classification and structure of biotechnical systems and different types of technologies; 

Examples of realization of biotechnical systems and technologies of estimation, monitoring and control of state and behavior of living organisms;
	S4.4

S4.5


	To develop the structure of medical diagnostic, research and information systems and to optimize it; 

To develop circuits, construction drawings and technical drawings of products.
	E4.1

	Methods of calculating the basic functional characteristics of biotechnical systems; 


	LO  12

(ОПК-4)
	K12.1
K12.2

	Types of self-educational activity for a professional, personal, social and cultural development
didactic principles of the self-education programs formation 
	S12.1
S12.2
	Educate themselves to solve life's problems and achieve professional goals;
Use as their source of self-study their own professional and life experience, as well as the experience of others.
	E 12.1
	Control of temporal, spatial, professional and social factors that affect the processes of self-study.


3. Course structure and contents
Theory
Section 1. 
Introduction. Classification of measurements. Features and problems of  the measurement of physical quantities of different nature.
Section 2. 
The concept of a measuring converter (a transmitter). Characteristics and parameters of the transmitter. The principles of converting non-electrical quantities into electric signals. Main special and metrological requirements imposed on the sensors. Classification. The error of measuring converters.
Section 3. 

The sensing elements of the sensors. The basic principles of the construction of the sensitive elements of sensors of different types: strain gauges, thermo-sensitive sensors, capacitive sensors, inductive sensors, photosensitive sensors, wire sensors, Hall effect sensors etc.
Labs of Section

Lab 1. To study the parameters and characteristics of the capacitive sensors.
Lab 2. To study the parameters and characteristics of the photometric sensors.
Lab 3. To study the parameters and characteristics of the galvanomagnetic Hall effect sensors.
Section 4. 
Primary measuring converters. The principle of operation, areas of application, construction and characteristics. 
Labs of Section

Lab 4. To study the parameters and characteristics of the temperature sensors.
Lab 5. To study the parameters and characteristics of the humidity sensors.
Lab 6. To study the parameters and characteristics of the resistive displacement sensors.
Lab 7. To study the parameters and characteristics of the pressure sensors.
Section 5. 
The elastic elements of the sensor. The main characteristics and the structural forms of the elastic elements. The fundamentals of the engineering calculations of the elastic elements.
Section 6.  Coordination of the biological information sensors with the measuring circuit
Coordination of sensitive elements of sensors and electrodes with the biopotential amplifier. The shielding of the electrodes. The input circuits of the amplifiers of biopotentials. Requirements for power supplies. General characteristics of amplifiers. Methods of correction of nonlinearity of the sensors and the DC component of the signal. Galvanic isolation.

Section 7. 
Noise interference and methods of dealing with them. Methods to reduce the noise in the measuring channel. The selection of the valid signal.
As the consequence of the course «Biomedical Sensors and Signals» mastering, students must achieve the following results:
Table 2 

Planned course learning outcomes

	№ 
	Result

	CLO 1

(РД1)
	To know the tasks in the field of measurement, principles and laws of functioning and construction of physical quantities sensors

	CLO 2

(РД2)
	To be able to apply the laws of physics to solve the problems of experimental and applied nature, using reference and regulatory and technical literature

	CLO 3

(РД3)
	To know the main types and design options of transducers, the methods and methods of use of physical quantities sensors for biomedical measurements

	CLO 4
(РД4)
	To be able to determine the best ways and methods of measurement of physical quantities and use a variety of sensors to solve the measurement problem

	CLO 5
(РД5)
	To possess skills to select the type and version of the power supply in accordance with the methods and objectives of the research, skills to and evaluate the results of the measurements


4. Organization and training materials for students’ self-guided work
4.1. Types and forms of self-guided work

Students’ self-guided work includes everyday and creative problem-oriented self-guided work (SGW).

Everyday self-guided work is focused on extending and reinforcing students’ knowledge, developing practical skills and includes:

· working with lecture materials, looking for and overviewing literature and electronic sources of information in compliance with an individually predetermined course problem;
· advanced self-guided work;
· performing home tasks, home tests;
· studying topics meant for self-guided studying;
· getting prepared for laboratory work, practical exercises and seminars;
· getting prepared for tests and exam.
Creative self-guided work includes:

· searching, analyzing, structuring and presenting information;
· research work and taking part in students’ scientific conferences, seminars and academic competitions;
· analyzing academic publications under topics predetermined by the professor.
4.3. Control of self-guided work
The results of self-guided work are to be assessed in the following way: control by the tutor, in particular, the presentation of individual tasks results and the defense of laboratory works.
A feature of the present stage of the control improvement is the development of students' self-management skills of the learned lessons, the ability to find their own mistakes and inaccuracies, as well as the ways of the correct actions.
5. Means of current and interim assessment of course learning outcomes
Course learning outcomes are to be assessed by means of the following control procedures:
Table 4

	Control procedures
	Course learning outcomes

	Control Tests
	CLO 1 (РД 1)
CLO 2 (РД 2)
CLO 3 (РД 3)
CLO 4 (РД 4)

	Carrying out and defense of labs
	CLO 2 (РД 2)

CLO 3 (РД 3)
CLO 4 (РД 4)
CLO 5 (РД 5)

	Carrying out and defense of the individual task
	CLO 1 (РД 1)

CLO 2 (РД 2)

CLO 3 (РД 3)

	Exam
	CLO 1 (РД 1)

CLO 2 (РД 2)

CLO 3 (РД 3)
CLO 4 (РД 4)
CLO 5 (РД 5)


The following tools (assessment tools fund) are meant to assess the course learning outcomes as part of control procedures:
· entrance test;

· control questions to be asked during practical exercises and labs;
· self-control questions;

· testing questions;

· questions to be asked during credit test/exam.
6. Course learning outcomes rating
The evaluation of the course mastering quality during the current and midterm assessment of students is carried out in accordance with the "Regulation on carrying out current assessment and midterm assessment in TPU", approved by the current version of the Rector’s order. 
In accordance with the Course Progress Chart:

· current assessment (assessing the quality of mastering theoretical materials (answers to questions, etc.) and practical activity results (solving tasks, performing exercises, solving problems, etc.) is to be performed during the semester (assessed in points (no more than 60 points), by the end of the semester students must collect at least 33 points);

· midterm assessment (examination) is to be performed at the end of the semester (assessed in points (no more than 40 points), students must collect at least 22 points at an exam).

The final rating is determined by adding together the points collected during current and midterm assessment procedures. The highest final rating equals 100 points. 
7. Educational-methodical and information support of the course
Required Reading:

1. Measurement, Instrumentation, and Sensors Handbook, Second Edition: Spatial, Mechanical, Thermal, and Radiation Measurement. John G. Webster, Halit Eren. Published by  CRC Press. (2014). - 1640 p.

2. Biomedical instrumentation and measurements. Ananda Natarajan R. Prentice Hall India Learning Private Limited (2011). - 304 p.

3. Advances in Biomedical Sensing, Measurements, Instrumentation and Systems (Lecture Notes in Electrical Engineering) by Aimé Lay-Ekuakille (Editor). Published by  Springer (2010).  - 354 p.

4. Electrical and electronics measurements and instrumentation. Prithwiraj Purkait , Budhaditya Biswas , Chiranjib Koley.  - Published by McGraw-Hill Education (2013).  - 648 p.

Suggested Reading:

1. Biomedical sensors and instruments. Tatsuo Tagawa, Toshiyo Tamura, P. Ake Oberg. Published by  CRC Press (2011). -  423 p.
2. Medical instrumentation  application and design. John G. Webster.  - Published by Wiley India Pvt. Limited (2009). - 720p
3. Biomedical sensors and measurement. Ping Wang, Qingjun Liu. Published by  Springer (2011).  - 300 p.
4. Robert B. Northrop. Noninvasive instrumentation and measurement in medical diagnosis (Biomedical Engineering). Published by  CRC Press; (2001). - 544 p.
5. Northrop Introduction to Instrumentation and Measurements, Third Edition. Robert B.  Published by  CRC Press. (2014). - 947 p.
6. Principles of measurement and transduction of biomedical variables. 1st Edition Authors: Vera Button. Published by  Academic Press. 2015. - 380p.

7. Biomedical transducers and instruments.  Tatsuo Togawa, Toshiyo Tamura, P. Ake Oberg. Published by  CRC Press (1997). - 384 p.

8. Measurement, instrumentation, and sensors. Handbook. John G. Webster, Halit Eren. Published by CRC Press; 2 edition (2014). 1921 p. URL: http://www.kelm.ftn.uns.ac.rs/literatura/si/pdf/Measurement%20Instrumentation%20Sensors.pdf
9. Handbook of biomedical instrumentation. R. S. Khandpur . Published by Tata McGraw-Hill Education India (2014).  - 980 p.
10. Introduction to instrumentation and measurements. Robert B. Northrop. Published by Taylor & Francis Group. 2005. – 760p.
Internet resources
http://portal.tpu.ru:7777/SHARED/a/ARISTOV – personal web site of assistant professor Alexander A. Aristov
Software: specialized software is not required.

9. Facilities required for the course
	№
	Name (computer classrooms, university laboratories, equipment)
	Building, rooms, number of installations

	1.
	Laboratory of measuring technique
1. HY 3002 Power Supply - 2 pcs.

2. Power supply B5-47 - 2 pcs.

3. The generator G 3-112 - 2 pcs.

4. The Oscilloscope C 1-76 - 2 pcs.

5. Oscilloscope GDS-71022 - 3 pcs.

6. Computer with Lab View software - 2 pcs.

7. Devices of analog-to-digital conversion of signals USB6008 NI - 2 pcs.

8. Multimeters - 8 pcs.

9. Laboratory models:

- to study the photometric sensors.

- to study the strain gauges.

- to study the inductive sensors.

- to study  the temperature sensors.

- to study  the humidity sensors.

- to study  the capacitive angle sensors.

- to study  the Hall sensors

- to study  the rheostat displacement sensors.

- to study the current sensors
	Building  16c, room 322, 10 working places


The syllabus is developed in compliance with the Primary Curriculum Standard of TPU in accordance with the requirements of the Federal State Educational Standard for the field of GEP 12.04.04 «Biotechnical systems and technologies» and the training profile «Biomedical sciences and engineering».
The syllabus is approved at the meeting of the Department of Industrial and Medical Electronics, Institute of Non-Destructive Testing.
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