Digital educational complex 
«Young neurophysiologist-engineer» 
Version No.1 without GSR (galvanic skin response) 
General provisions
In accordance with the objectives implementation of the “Digital Economy” program, “Personnel and Education” project, national project “Education” and STI Roadmaps, it is envisaged to purchase equipment designed to prepare users over 12 years old for advantageous professions in the field of neurotechnologies, neurophysiology and human psychophysiology.
MODULE I NEURO-HEADSET
1. EEG neuro-headset.
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EEG neuro-headset is designed for the convenient recording of the electroencephalogram signal from the head surface and its further transmission to a computer or a substituting device.
The Neuro-headset kit should include the following elements:
1. Amplification unit of the neuro-headset

2. Dry electrodes at least 8 pcs.
3. Battery 5 V.
4. The system of fixations for a head and a shoulder.

1.1. Requirements to the amplification unit of the neuro-headset. 
 The amplification unit of the neuro-headset is designed to record the bioelectrical activity of the brain through the connected EEG electrodes and further processing and transmission of the surface EEG or signals obtained on its basis to a PC or a substituting device.

The amplification unit of the neuro-headset should meet the following technical parameters:
1. Type of contact “skin-electrode” dry (without gel).
2. The measurement range of contact resistance “skin-electrode” (impedance-meter) from not less than 0.02 Mohm to not more than 2.0 Mohm.
3. The number of EEG leads (the number of EEG recording electrodes) should be at least 8 pcs.

4. The number of neutral EEG electrodes should be at least 2 pcs.

5. Differential-input resistance should be not less than 10 Mohm.
6. Common mode rejection ratio should be not less than 90 dB.
7. The recorded amplitude range of the input EEG signal in the max band should be not less than ± 1.0 ... 300.0 mkVp-p.
8. Own amplitude noise of the amplification channel, adjusted to the input in the min band should be not more than ± 0.3 mkVp-p.
9. Amplitude-frequency parameters of amplification channels (analog filtering) should be not less:

- Highpass filter (HPF) cut 0.3 ... 1.0 Hz

- Lowpass filter (LPF) cut 30 ... 75 Hz

- Phase difference (rejector) 50 Hz

10.  The AD converter bitness (effective, no noise) should be at least 18 bits.
11.  The sampling frequency of the AD converter (synchronous for all channels of amplification) should be 50 ... 400 Hz.
12.  Time of continuous work in the mode of EEG recording should be at least 90 minutes.
13.  Positions of electrodes fixation should be according to the international electrodes placement system – “10-20” Fp1, Fp2, F3, Fz, F4, C3, Cz, C4, P3, Pz, P4, O1, O2.
14.  Indication of the electrode contact with the skin should be visible at least 8 indicators.

15.  The net weight of the neuro-headset without a power source and EEG electrodes should be not more than 600g.
16. Built-in accelerometer and gyroscope should be available.
17.  The method of power supply charging of the neuro-headset should be wire-based.
18.  Interactive interface with external wireless devices should be available.

1.2  Requirements to the EEG recording electrode
Electrodes for EEG recording should meet requirements of GOST ISO/MEK (ГОСТ ИСО/МЭК) 17025-2009.
1. The EEG electrode must provide the recording of the surface EEG without the usage of electroconductive gel.

2. Two options of the EEG electrodes should be envisaged:

- for surface EEG recording from the head area with hair covering;

- for EEG recording from the head area without hair covering;

3. EEG electrode must provide at least 200 cycles of reuse.
1.3 Requirements to the battery
1. Input voltage should be not more than 5 V.

2. Output voltage should be not more than 5 V.

3. Battery capacity should be not less than 6000 mAh.

4. Dimensions should be not more than 13 x 7 x 1 cm.

1.4 Requirements to the system of fixations for a head and a shoulder 
1. Fasteners for fixation should include at least 8 dry electrodes.
2. Fasteners for battery fixation should be at least 1 pc.

3. Adjustment to the user’s head circumference should be from not less than 51 cm to not more than 60 cm.
4. The availability of the neuro-headset amplifier unit fixation should be at least 1 pc.
2. Software for working with a computer 
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The software must be cross-platform. It should be able to work in a network mode as well as in offline mode.

The software should meet the following requirements:

1. The availability of a CRM system (it allows to build an individual learning path for each student, control knowledge (testing system), gives possibility to plan lessons for the teacher and to make up schedule).

2. The availability of statistics unit and remote computing (storage and processing of information on the server, the possibility to accumulate educational information, the possibility to create a research base for laboratory works and tutorials).

3. The availability of an academic and methodological complex, along with instructions for robotic models assembling, examples of programs, test and interactive lessons of at least 10 lessons, including the following topics:
· Introduction to neurotechnologies

· The structure and main functions of the human brain
· Neuron. Structure

· Brain electrical activity

· Types of leads for EEG recording. Electrodes placement
· Wakefulness, rest state. Open-close eyes state.
· Evoked potentials. Pattern concept. Patterns types
· “Brain-computer” interface

· Game theory

· A group of professions focused on the use of neurotechnologies based on the example of the “neuro-technologist” profession

4. The availability of automatic system update.
5. The availability of user interface for different levels of access.
6. The availability of user data storage and archiving.

7.  The availability of automatic detection of devices connected to PC.

8. The availability of recording transferring from devices to various microcontrollers and microcomputers.

9.  The availability of various filtering and data processing tools.
10. The availability of electrodes connection quality check on users’ devices.
11. The availability of alpha-rhythm and p-300* signals measurement, detection of the eyes closing signal, simultaneous connection of several devices for competitive activity.
* the equipment should allow to measure the p300 signal. In order to work with this signal, it is necessary to conduct a large number of experiments to train the system.

12. The availability of work in a polygraph mode.
3. Academic and methodological complex 
Academic and methodological complex includes:
- theoretical material;
- models assembly charts (e-version) for students; 

- laboratory works of at least 2 types;

- electronic glossary;
- individual electronic notebook;

- interactive board allowing to draw and present text;

- testing module.

MODULE II ELECTRI HEADSET
1. Requirements to electric headset. 
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The electric headset is intended for recording, processing and transmission of ECG, EMG, PPG or signals obtained on their basis to a PC or a substituting device.
Electric headset should meet the following technical parameters:
1.
The place of electric headset fixation on a user’s body should be a shoulder or a forearm, depending on the executed experiments.

2. The possibility of electric headset adaptation to the user’s anthropometric parameters should be available.
3. The time of continuous operation in mono-modes of ECG or EMG or PPG should be at least 90 minutes

4. The time of continuous operation in the polygraph mode should be at least 90 minutes

5. The weight of electric headset should be not more than 650g.

6. Built-in accelerometer and gyroscope should be available.

7.  The method of power supply charging of the electric headset should be wire-based.
8.  Interactive interface of electric headset with external devices wireless or wire based should be available.

9. Type of electrodes connection for EMG recording should be wire based.
10. Optical sensor of PPG unit should be built-in

11. Type of electrodes connection for ECG recording should be wire based
12. Colored touch-screen should be available.
1.1 Electrocardiographic unit


1. Type of contact “skin-electrode” dry (without gel).
2. The measurement range of contact resistance “skin-electrode” (impedance-meter) from not less than 0.02 Mohm to not more than 2.0 Mohm.

3. The number of ECG channels should be at least 1 pc.
4. The number of RLD channels should be at least 1 pc.

5. The recorded amplitude range of the input ECG signal in the max band should be not less than ± 0.1 ... 10.0 mVp-p.

6. Own amplitude noise of the amplification channel, adjusted to the input in the min band should be not more than ± 0.015 mVp-p.

7. The range of displayed heart rate should be from at least 40 to no more than 200 beats per min.
8. Accuracy of heart rate measurements should be not more than ± 1% of the average.

9. Differential-input resistance should be not less than 10 Mohm.
10. Common mode rejection ratio should be not less than 90 dB.
11. Amplitude-frequency parameters (analog filtering) should be:

- in the monitoring mode 0.5 ... 40 Hz

- in the examination mode 0.1 ... 100 Hz
- Phase difference (rejector) 50 Hz
12. The AD converter bitness (effective, no noise) should be at least 18 bits (110dB).
13.  The sampling frequency of the AD converter should be 150 ... 600 Hz.

1.2 Electromyographic unit 

1. Type of contact “skin-electrode” dry (without gel).
2. The measurement range of contact resistance “skin-electrode” (impedance-meter) from not less than 0.02 Mohm to not more than 2.0 Mohm.

3. The number of EMG channels should be at least 2 pcs.

4. Differential-input resistance should be not less than 10 Mohm.

5. Common mode rejection ratio should be not less than 90 dB.

6. The recorded amplitude range of the input EMG signal in the max band should be not less than ± 0.1 ... 5.0 mVp-p.

7. Own amplitude noise of the amplification channel, adjusted to the input in the min band should be not more than ± 0.015 mVp-p.

8. Amplitude-frequency parameters of amplification channels (analog filtering) should be not less:
- Highpass filter (HPF) cut 10 ... 100 Hz
- Lowpass filter (LPF) cut 30 ... 3000 Hz
- Phase difference (rejector) 50 Hz
9. The AD converter bitness (effective, no noise) should be at least 16 bits (98dB).

10. The sampling frequency of the AD converter should be 1500 ... 15000 Hz
1.3 Photoplethysmographic block 
1. Sensor type should be optical

2. The number of PPG channels should be at least 1 pc.
3. Emission wavelength
- not less than 660 nm (red)
- not more than 940 nm (infrared)
4. Amplitude-frequency parameters of amplification band (analog filtering) should be 0.3 …30 Hz.

5. The AD converter bitness (effective, no noise) should be at least 14 bits (86 dB).

6. Pulse wave sampling rate 200…500 Hz

7. The range of displayed heart rate should be from at least 40 to no more than 160 beats per min
1.4 Colored touch-screen 
1. The diagonal should be no more than 2.83”.
2. Resolution should be at least 240 x 320 pixels.
3. The size should be no more than 50.2 x 69.3 x 4.0 mm.
4. The brightness should be of at least 240 [cd / m²].
6. The minimum operating time should be 20,000 hours.

7. Interface should be with RGB availability.
8. Operating temperature range should vary from -20 and up to +70 [° C]

9. Sensor type should be resistive.
2. Software for working with a computer 
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The software must be cross-platform. It should be able to work in a network mode as well as in offline mode.

The software should meet the following requirements:

1. The availability of a CRM system (it allows to build an individual learning path for each student, control knowledge (testing system), gives possibility to plan lessons for the teacher and to make up schedule).

2.
The availability of statistics unit and remote computing (storage and processing of information on the server, the possibility to accumulate educational information, the possibility to create a research base for laboratory works and tutorials).
3. The availability of an academic and methodological complex, along with instructions for robotic models assembling, examples of programs, test and interactive lessons of at least 10 lessons, including the following topics:
· Introduction to neurotechnologies

· Bioelectrical activity of the living creatures 
· Simple assessment methods of human bioelectrical activity 
· Physiology of cardiac activity

· Cardiac electrophysiological activity
· How to record an ECG. Electrodes placement
· Innervation and muscle functioning
· Biofeedback (BFB) concept. Regulation of a functional state.
· A group of professions focused on the use of neurotechnologies based on the example of the “neuro-technologist” profession
4. The availability of automatic system update.

5. The availability of user interface for different levels of access.
6. The availability of user data storage and archiving.

7.  The availability of automatic detection of devices connected to PC.

8. The availability of recording transferring from devices to various microcontrollers and microcomputers.

9.  The availability of various filtering and data processing tools.
10. The availability of electrodes connection quality check on users’ devices.
11. The availability of alpha-rhythm and p-300* signals measurement, detection of the eyes closing signal, simultaneous connection of several devices for competitive activity.
* the equipment should allow to measure the p300 signal. In order to work with this signal, it is necessary to conduct a large number of experiments to train the system.

12. The availability of work in a polygraph mode
3. Academic and methodological complex 
Academic and methodological complex includes:
- theoretical material;
- models assembly charts (e-version) for students; 

- laboratory works of at least 2 types;

- electronic glossary;
- individual electronic notebook;

- interactive board allowing to draw and present text;

- testing module.

For the purposes of laboratory works organization the following equipment should be used: “Robotrack” kits. Keeping in mind that 1 kit is designed for 2 students.

The robotic complex is aimed at students’ mastering in fundamentals of mechanics, modeling and design, fundamentals of algorithmics and programming of various robotic systems. The mastering should occur step by step, starting from simple to more complex tasks. One kit is designed for 2 children. Brain Development is a Russian developer and manufacturer of educational equipment (OKVED (ОКВЭД) code 32.40)

1. Basic robotic construction set of an advanced level with intelligent control unit (ROBOTRACK BASIC)
This robotic construction set should include the following elements:

· A programmable control unit.

· At least one servo-motor.
· At least two DC motors.
· At least 11 sensors of 7 types.

· At least 1 battery housing for 9 V.
· At least 1 remote control.
· Not less than 800 constructional elements, including: at least 5 types of plastic bars of different shapes, at least 11 types of blocks, at least 8 types of metal plates of different shapes, at least 4 types of gears, at least 4 types of plastic shafts, at least 3 types of aluminum shafts, at least 3 types of couplings, at least 2 types of bushings, at least 2 types of connecting bars, at least 2 types of rubber adapters, at least 4 levers, at least 3 types of angles, at least 5 types of wheels, at least 80 track pads, at least 3 types of metal bolts, at least 5 types of plastic pins, at least 70 metal nuts, at least 1 fixture for pins.

           
A programmable control unit (multifunctional controller) should make the assembled model programmable: 
The controller should include the following external interfaces and devices:

· At least 16 general-purpose type input-output ports (GPIO), divided into 4 groups. The first “IN1” - “IN4” and the third “OUT1” - “OUT4” groups of ports should be connected via appropriate voltage selectors to the constant-voltage regulators for 5V and 3.3V. The second “IN5” - “IN8” and the fourth “OUT5” - “OUT8” port groups should be connected to a 5V constant-voltage regulator.
· At least 2 UART interfaces with power supply.

· At least 1 ArduinoUnoR3 Interface, which is independent of any ports.
· At least 1 port for microSD cards connection.

· At least 1 automatic power switching circuit between external power supply and USB.

· At least 1 tricolor LED.
· At least 1 on / off button.

· At least 1 USB port of B Type.

· Operating voltage - not less than 5V

· Input voltage - no more than 12 V

· Maximum input voltage should be not less than 18V

· At least 4 ports for motor connection should be available.

· The availability of at least 1 Bluetooth connection.

· The availability of at least two I2C interfaces.

· The availability of at least 1 ICSP interface.

· The availability of at least 5 control buttons.

             Servo-motor (1 pc.)
A servo-motor should rotate and maintain a given angle of rotation of at least 180 degrees.
Technical parameters
1) Control: automatic phase control
2) Operating voltage: 5.5V ... 9V

3) Operating temperature range: -20 ℃ ... + 60 ℃
4) Detector position: potentiometer

5) Torque: 4.8 kgf · cm ± 15% at 5.5V / 6.5kgf · cm ± 15% at 9V

6) Operating angle: 300 °

7) Maximum operating current: 140 mA

8) Connector wire length: 300 mm
              DC motors (2 pcs.) should use a standard 2-pin connector. They should connect to any controller. A big motor should have at least 2 connectors for connecting the bus directly to the motor. Both of these ports should be absolutely identical and connected to each other so that a user can use any of them.
Technical parameters of DC motor
1) Control: automatic phase control
2) Operating voltage: 5.5V ... 9V

3) Operating temperature range: -20 ℃ ... + 60 ℃
4) Rotation frequency: 270 rpm at a voltage of 9V
5) Torque: 2.7 kgf · cm ± 15% at 5.5V / 3.5kgf · cm ± 15% at 9V

6) Operating angle: 360 °

7) Operating current: 80-110 mA

8) Connector wire length: 240 mm
        Sensors (7 types).

Infrared sensor (3 pcs) - should allow to determine the conditional distance to the surfaces with good light reflection, as well as determine black and white color and obstacles;
Technical parameters of an infrared sensor
1) Material: GaAsP / GaAnInP (gallium arsenide-phosphide / gallium-aluminum-indium phosphide)
2) Type of lens: “water”

3) Maximum operating range: Ta = 25℃
4) Voltage range: 1.1V ... 1.5V
5) Operating temperature range: -40 ℃ ... + 85℃
6) Wavelength (max.): 940 nm
7) Maximum current consumption: 10 μA
8) Power dissipation: 80 mW
9) Emission power (mW / sr): 5 ... 15
10) Viewing angle: 30 °
11) Recommended current: 20 mA
- Light sensor (1 pc) – allows to measure the illumination level;

Technical parameters of a light sensor
1) Voltage range: from 1.1V up to 1.5V

2) Operating temperature range: -20 ℃ ... + 80 ℃
3) Wavelength (max.): 600 nm

4) Power dissipation: 90 mW
- Remote control sensor (RC) (1 pc) - should be based on an infrared photodiode, which is used to receive signals from the remote control.
Technical parameters of a remote control sensor
1) Operating voltage: 5.0V ± 10%

2) Rated power: 12mW

3) Receive level: 38KHz ± 3%

4) Wavelength: 940 nm

5) Coverage area ： 8m
- Touch sensor (2 pcs.) – a robot must “feel” the surrounding space and obstacles. With their help, it is possible to implement a robot control panel, and etc. It should be equipped with a special cap with a grid of holes, where it is possible to attach other parts of a construction set.
Technical parameters of a touch sensor
1) Type: touch switch

2) Model: KSM603LM

3) Resistance: 100 Ohm

- External encoder (2 pcs) - should measure the distance traveled by the robot. It should be attached directly to the motors and measure the rotation angle of the wheel shaft. The measurement accuracy should be at least 5 degrees.
Technical parameters of an external encoder
1) Power supply: 5V

2) Number of channels: 2

3) Type of breaker: optical slot-type
4) Amplitude of shaft rotation: unlimited

5) Minimum measured angle of rotation: 5 degrees
- Sensor of light and color (1 pc) - allows to determine the color of the surface. The assembled robot model should determine with the help of a sensor at least 6 colors.

Technical parameters of a color and light sensor 
1) Power supply: 5V

2) Detectable colors: 5 - black, white, red, blue, green

3) Distance to the surface of color determination - 0-2 cm

4) Method of color detection: according to the reflected light

- Ultrasonic distance sensor (1 pc) - should determine the distance to objects using the ultrasound (from a distance of no more than 300 cm).
Technical parameters of an ultrasonic distance sensor
1) Model HC-SR04

2) Power supply: 5.0 V

3) Operating current: 15mA

4) Operating frequency: 40KHz

5) Operation angle: 15 degrees

6) Minimum measured distance: 2 cm

7) Maximum measured distance: 300 cm

Battery housing for 9V should must have a special connector for connecting 6 AA batteries of 1, 5 V. It should have a plug for connection to the controller.
Remote control (1 pc) - should work at least on 8 channels. It should have at least 10 functioning buttons and at least 2 settings buttons. It should have a power source connection.
Software for working with a computer 
It should be based on the Arduino IDE and supplemented with a visual programming environment for the purposes of programs development out of blocks, without the necessity to write and edit a code. It should have full compatibility with all Arduino boards and libraries.

The visual environment should be developed on the basis of the Ardublock project. It should be a plug-in for the Arduino IDE, which generates code in the C programming language from a visual program. At the same time, the structure of the visual program should always correspond to the structure of the text program. Such a way will allow moving from visual programming to textual with no efforts.
Software for working with mobile devices

It should be compatible with Android OS 4.0 or higher, which in its turn should be compatible with the program code for the controller. In addition it should allow the implementation of a fully programmable remote control via Bluetooth, in which the smartphone / tablet is used as a remote control.
The complex for advanced level assumes the academic and methodological complex for at least 62 lessons, including presentation material for teachers, robots models assembly charts for students, examples of programs for robots models programming, lessons outlines, a training video (How does it work?), a table with course work program, explanatory notes for teachers.

2. A selection of sensors kit (ROBOTRACK SENSORS)
This kit extends electronic possibilities of a robotic construction set.

This kit should include at least 25 elements:
1) LED modules of different colors - 3 pcs.;
2) Accelerometer / gyroscope -1 pc.;
3) External encoder - 2 pcs.;
4) Fire control sensor -1 pc.;
5) Audio sensor -1 pc.;

6) Touch sensor - 2 pcs.;
7) Tilt sensor - 3 pcs.;
8) Vibration sensor-1 pc.;
9) Magnetic field sensor - 2 pcs.;
10)  Piezo-emitter – 1 pc.;

11)  Ultrasonic distance sensor - 1 pc.;
12) Color and light sensor -1 pc.;
13) Remote control sensor – 1pc.;

14) Infrared sensor (IR sensor) - 3 pcs.;
15) Speaker - 1 pc.;
16) Light sensor -1 pc.
3. Touchscreen TFT display SCREEN – the availability of a colored touchscreen display, having resolution of at least 320x240 pixels, a display size should be of at least 2. 4 inches, the availability of a port for connecting an SD card. The display should be able to present textual and graphical information.
4. Spiral gear (Worm) - is used to extend the possibilities of a construction set during the creation of complex mechanical structures assuming a worm gear.
5. Resource kit “AUDIOTRACK”
Audio module “Audiotrack” is designed to expand the capabilities of the multifunctional controller. It gives the possibility to play audio recordings in such popular formats as MP3, WAV and WMA. 8 GB microSD card is installed in the module, so it can be used immediately after purchase. A built-in speaker with capacity of 3W and resistance of 4 ohms makes possible to create quite loud projects that will be hearable even in large rooms. The module is controlled by a program and can work in the offline mode. It does not require any additional power supply. With the help of the libraries and graphic blocks included in the software, a user can perform basic actions:
· play a specific file
· play a specific file from the specified folder
· pause the track
· continue playback
· play next / previous track
· increase / decrease volume
· Set the volume in percent from 0 to 10
Technical parameters 
1) Power supply: 3.3–5 V

2) Number of channels: 1 (mono, 3 W)

3) Supported sampling frequencies: 8, 11.025, 12, 16, 22.05, 24, 32, 44.1, 48 kHz

4) DA converter bitness: 24 bits

5) Supported file systems: FAT16, FAT32

6) The maximum memory capacity of a microSD-card: up to 32 GB

7) Speaker resistance: 4 ohm
8) Number of folders with music files: up to 100

9) Number of tracks in a folder: up to 255

10) Audio file formats: MP3, WAV, WMA

11) Module weight: 60 g.

12) Dimensions: 63x50x50 mm.

13) Wire length: 260 mm.

14) Pre-installed 8 GB memory card.
6. Resource kit «ENERGYTRACK»

The battery unit “Energytrack” is designed to feed the multifunctional controller and microcomputer Vitrack. “Energytrack” ensures long-term operation of the boards at maximum load. It supports the simultaneous use of 4 DC motors, together with servo-motors, display, audiotrack and other sensors / executers. The polymer material (Li-Po) is used as electrolyte. This material has low self-discharge, no memory effect and higher energy density per unit of weight comparing to ordinary Li-ion batteries. Its case has holes for connection with the mechanical blocks of the construction set, a unified connector for connecting the charger and power consuming devices. There is a protective cord inside the case.
Technical parameters of a battery:
1) Output voltage is 11.1 V.

2) The capacity is 4000 mA / h.

3) The maximum charging voltage is 12.6 V.

4) Protection against short circuit is available.

5) Protection against overcharge is available.

6) Protection against overdischarge is available.

7) Operation temperature is –20 to + 40 ° C.

8) The service life is of at least 2 years.

9) Number of charge / discharge operation cycles is 900.
