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PE®EPAT

Tema mummomHOi poOoTH: «MOJENIOBaHHS BIUIMBY EJIEKTPOCTUMYJIAIT Ha
TKAaHUHU HEPBOBOI CUCTEMI».

OOcsr po6oTH CTAaHOBUTH 63 CTOPIHKH, MICTUThCA 28 1rocTpaltiit, 22 Gpopmyiu,
16 TabGmuie. 3aragom omparsoBaHo 43 mKepena.

AKTyalbHICTh. BIJICYTHICTh BITYM3HSHOI OOIPYHTOBAHOI TEOPETUYHOI Oa3u
BIuUBY tDCS Ha MO30K JIFOAWMHU. Ta BIAMOBIAHUX MPUJIAJIIB.

Merta: ctBopuTH Ta BunpoOyBaTH npuctpiit aus tDCS, skuii Oyne Binmosigatu
Cy4aCHHM BHMOTaM, BpPaXxOBYIOUM €KOHOMIYHUHN aCIeKT.

3aBIaHHA:
3MIMCHUTH OTJIS]T JTITEPATypH 3a TEMOIO pOOOTH.
CdopmymoBaTu MEIUKO-TEXHIYHI BUMOTH.
Po3pobutn cTpyKTypHY Ta €JIEKTPpUYHY MPUHIIAIIOBY CXEMH TPUJIAIY.
CTBOpPUTH €KBIBAJICHTHY MOJEJb JTIOCHII)KYBAaHOTO 00’ €KTY.
CnpoextyBatu cxemy B DipTrace.
BuroToBuTH cxemy Ha ApyKOBaHii IJIaTi.

CtBOpuUTH Ta BUIPOOYBATH MPOTOTHII.

© N o g &~ DR

[TopiBHATH pe3ysibTaTh BUNPOOYBAHb 1 MOJEITIOBAHHS.

OcHOBHI pe3yibTaT: OYyJI0 3AIMCHEHO aHAMITHYHUN OIS, Ha MOr0 OCHOBI
chOpMyJILOBAaHO MEAMKO TEXHIYHI BHMOTHM Ta PO3POOJEHO CTPYKTYpHY CXEMY
HelipocTuMysiTopa. [IpoBeaeHO KOMIT' IOTEpHE MOCTIOBAHHS €JIEKTPOCTUMYJIAIIII.
Po3pobiieHo enekTpuuHy IPUHIMIIOBY CXEMY 1 MIEPEBIPEHO MPABUIBHICTS ii pOOOTH Y
cepeaouili MC 9. CrnpoeKTOBaHO JPyKOBaHY ILUIATy Ta BHUTOTOBJEHO MPOTOTHII
MPUCTPOIO JyTst HerpocTumyisii. [[poBeneHo TexHiuH1 Ta MEAUYHI BUIPOOYBaHHSI.

KitouoBi cioBa: HeHpoCTUMYJISLISA, TPAaHCKpaHiadbHa CTUMYJIALIS, peluu3iiiHe
JUKEpENI0  CTPyMy, TpacyBaHHA CXEMH, CXema eJeKTpuYHa MPUHIUIIIAIbHA,

eJIEKTpOMarHiTHa CyMicHICTh, MeToa MonTte-Kapio.



ABSTRACT

Theme of the thesis: “Nervous system behavior simulation under
electrostimulation”.

The size of the report is 58 pages, contains 29 illustrations, 22 formulas, 16
tables. In total, there have been processed 43 sources.

The relevance is: the absence of a national substantiated theoretical basis for the
influence of tDCS on the human brain and appropriate devices.

The objective is: to create and test a tDCS device that meets modern
requirements, taking into account the economic aspect.

Task:
To review the literature on the topic of work.
To formulate medical and technical requirements.
To develop a structural and electrical principle diagram of the device.
To create an equivalent model of the object under study.
To design the schematics in DipTrace.
Make a circuit diagram on a circuit board.

Create and test the prototype.

© N o g B~ w DR

Compare test results and modeling.

Main results: An analytical review was carried out, on the basis of which medical
requirements were formulated and a structural scheme was developed. The electric
principled scheme was assembled and the accuracy of its work in the MC 9
environment was checked. A printed circuit board was designed and a prototype of the
device for neurostimulation was manufactured. Technical and medical tests have been
performed.

Key words: neurostimulation, transcranial stimulation, precision current source,
tracing of the circuit of electrical principle, electromagnetic compatibility, Monte Carlo
method.
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LIST OF CONDITIONAL ABBREVIATIONS

EOP - Endogenous opioid peptides

MC9 — Micro-Cap 9 software

tES (tDCS) - Transcranial direct current stimulation
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INTRODUCTION

Electrotherapeutic procedures based on the action of current are often used for
the treatment and prevention of diseases. Despite the spread of electrotherapy, the
mechanisms of action and characteristics of stimuli in various biological structures
have been insufficiently studied. The development of technology has created the
conditions for a new vision of the method of stimulation, and the development of the
theory of bioelectric impedance of living tissues opens up new possibilities in
describing the processes of life of the human body.

Recent scientific studies [1,2,3] show that transcranial direct-current stimulation
(tDCS) can improve cognitive abilities not only in the treatment of diseases, but also
in completely healthy people.

Scope of tDCS - patients with diseases: central nervous system (cerebral palsy,
mental retardation, the consequences of infectious and traumatic injury to the brain
and spinal cord); peripheral nervous system; disorders of speech, visual, auditory
functions; neuroses and neurosis-like states; degenerative-dystrophic processes; for
disease prevention, healthy lifestyle; general recovery of the body, etc.

Relevance: the absence of a domestic substantiated theoretical basis for the
effect of transcranial stimulation with direct current on the human brain, and
appropriate devices for its implementation.

The aim of the thesis is to create and test a device for tDCS, which will meet
modern requirements, taking into account the economic aspect.

To achieve this goal, it is necessary to solve the following tasks:

1. Review the literature on the topic of the work.

2 Formulate medical and technical requirements.

3 Develop a structural and electrical schematic diagram of the device.

4, Create an equivalent model of the object under study.
5

Design a circuit in DipTrace.

Jinct
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6.
7.
8.

Make a diagram on a printed circuit board.

Create and test a prototype.

Compare test and simulation results.
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CHAPTER 1
ANALYTICAL INSPECTION

1.1 Neurostimulation and its development

Neurostimulation is a method of influencing the nervous system through
electrical signals. Applications:

- electrical stimulation of peripheral nerves;

- neurostimulation of the spinal cord;

- stimulation of deep structures or cerebral cortex. [4]

The tDCS method was originally considered as a purely medical technology and
has been used successfully for the treatment of depression, chronic pain, and stroke
recovery. Gradually, scientists have found that tDCS can be used to improve the
cognitive abilities of perfectly healthy people (see table 1.1). [5]

Table 1.1 - Development of neurostimulation

Period Events
End of the 18th | Luigi Galvani studied the effect of electrical energy on living tissues [6].
century.
Early 1800s Giovanni Aldini passed electricity through the heads of dead people,
resulting in muscle contraction and even eye opening [6].
In 1964 Joe Redfirn discovered that by passing a weak (50-250 mA) current through

electrodes placed at specific points on the scalp, he could achieve a variety
of effects. Depending on the direction of the current, those who wish to
become sociable and talkative, or silent and withdrawn, can use it.
However, because colleagues were unable to replicate these experiments,
the research data was quickly forgotten [6].

In the 1990s The introduction of transcranial magnetic stimulation (the exposure of the
brain to a low-frequency magnetic field) reignited interest in this type of
research [6].

In 1993 Alberto Priori demonstrated that tES improves the efficacy of subsequent
transcranial magnetic stimulation, but his colleagues simply did not believe
him - they questioned the ability of the electric current to penetrate the skull

[6].
In 1998 Priori managed to convince the scientific community of his rightness [6].
In 2008 DARPA, the US military's research arm, conducted a study that found that
using tDCS in military training doubles the effectiveness of volunteer
training [3].

Jinct
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Continuation of table 1.1

In 2010

Roy Cohen Kadosh, a professor at Oxford University, has shown that tDCS
improves math skills. Volunteers memorized invented symbols denoting
numbers from 1 to 9 and performed mathematical operations with them [3].

In 2011 and 2012

A team of scientists led by Alan Snyder established that tDCS improves
thinking creativity. Volunteers who received transcranial temporal lobe
stimulation completed tasks three times faster than those in the control

group [3].

In 2013 and 2014

According to research conducted by a group of Dutch scientists led by
Anna Goodrian, tDCS reduces addiction to nicotine, alcohol, and even
cocaine. German scientists led by Kerstin Altmans discovered that after a
one-day effect of tDCS on healthy volunteers, the number of calories
consumed decreased by 14% [3].

In 2015

A team of American scientists led by Roy Hamilton published a meta-
analysis demonstrating that tDCS improves language ability. Specifically,
the ability to memorize new words and the speed of speech [3].

A large number of scientific studies have demonstrated that neurostimulation
has significant potential, is developing at a fairly rapid pace, and is of great interest to

scientists around the world.

1.2 Analogs of neurostimulation

After conducting a patent search of existing devices, a comparative table of
analogues was created - table 1.2.

Table 1.2 - Comparison of the created device with foreign analogues

tDCS with | Transcranial | Transcranial
Name of parameters Our "Polaris" Limited Alternating Electrical
prototype RF [7] Total Current Stimulation
Ukraine Energy Stimulation (1x1 tES)
(1x1 (1x1 tACS) US[9]
tDCS- US[9]
LTE)
US[8]
1. Range of stimulating | 0.01-1.0 0.01-5.0 0.5; 1; - 1,15,1.75,2
currents, tDCS, mA 1.25;1.5
2. Current reference 0.05 1A to - - -
step, mA 1mA
10 mA from
1-5 mA
Slnct
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http://soterixmedical.com/tdcs/lte
http://soterixmedical.com/tdcs/lte
http://soterixmedical.com/tdcs/lte
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http://soterixmedical.com/tdcs/lte
http://soterixmedical.com/tdcs/lte
http://soterixmedical.com/tdcs/lte
http://soterixmedical.com/1x1/tACS
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http://soterixmedical.com/1x1/tES
http://soterixmedical.com/1x1/tES
http://soterixmedical.com/1x1/tES
http://soterixmedical.com/1x1/tES

Continuation of table 1.2

3. Setting of the session
duration range, min.

5-40

10-50 5-20 10-40

10-40

4. Setting of the session
duration time, min.

10

5. Stimulation scheme
(number of anodesx
number of cathodes)

1x1

1x1 1x1 1x1
2x1

1x1

6. Number of channels

7. Indication of contact
quality

8. Termination of the
session in case of
electrodes-skin contact
interruption

9. Energy injection rate
stabilization mode

10. Time of continuous
work from the
accumulator, h

20

Notes:

1.  tDCS - Transcranial Direct Current Stimulation;

2.  tACS - Transcranial Alternating Current Stimulation;

3.  tES - Transcranial Electrical Stimulation: tDCS (direct current
stimulation), tACS (alternating current stimulation);

4, Plots of these currents (Fig. 1.1)
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Figure 1: Active tDCS waveform
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Figure 2: Active tPCS waveform (left). Active tACS waveform (middle). Active tRNS waveform
(right). All waveforms depicted are bipolar.
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1.3 Transcranial stimulation

functioning. [10].

Figure 3: Active tODCS waveforms. tODCS is generated from unipolar versions of Figure 2:
Pulsed (left), Sine {middle), and Random Noise (right).

Figure 1.1 - Signal forms for neurostimulation [9]
The shape and parameters of the stimuli are important factors in current

stimulation, they also determine the effectiveness of the procedure.

tDCS (tES) is a non-invasive effect of a weak current on the brain to change its

tES therapy is one of the first methods that has been shown to non-invasively,
selectively, and loosely activate the work of structures that produce endogenous opioid
peptides. EOP is the most important system of the body that regulates the neuro-

immune-endocrine function. tES selectively activates the EOP structures of the brain,
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producing B-endorphin, using a pulsed electrical effect supplied through the main skin
electrodes.[11]

An increase of B-endorphin in the blood leads to increased immunity,
accelerated healing processes in the body and slow the growth of tumors. At the same
time there is an increase in the same hormone in the brain, which has a positive effect
on blood pressure, reducing drug and alcohol dependence, as well as gives the effect
of analgesia.[12]

tES-therapy is based on long-term studies that revealed the relationship between
the degree of activation of the image intensifier and the main characteristics of the
applied pulse current (the shape of the pulses, their repetition rate, and duration). It has
been established that the EOP system can be activated selectively and reproducibly

only in a very narrow range of pulse current characteristics. [11]

1.4 Use of electrodes during stimulation

In the created device for transcranial stimulation, the electrodes are an important
functional part of the device-patient system. A review of the patent and technical
literature showed that various electrically conductive materials are used in the
construction of electrodes.

The neurostimulation technique is quite simple, consisting of supplying a direct
current through two electrodes connected to opposite poles of the device. In their
composition, the electrodes include a metal or any other material that conducts current,
a plate, and a so-called hydrophilic gasket. As an electrode, lead plates with
thicknesses ranging from 0.3 to 1 mm are most commonly used. Other metals that can
be used include aluminum, foil and platinum. Sheet lead electrodes are useful because
they can easily conform to the shape of the body surface to which they are applied,

they can be of any configuration, also they conduct electric current well. [13]
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To prevent the damaging effect of electrolysis products on the tissue, a

hydrophilic gasket is placed between the human body and the electrode (Fig. 1.2).
P

1 - conductive system, 2 - contact plate, 3 - electrical distribution layer, 4 -
hydrophilic gasket
Figure 1.2 - Electrode with hydrophilic gasket [14]

It is made of light materials that easily absorb water (gauze, flannel, calico,
fleece, bombazine). It cannot be made of woolen or colored fabrics. The hydrophilic
gasket should have the same shape as the electrode and should protrude 1-2 cm?
beyond the electrode's edges. The shape and size are designed to contribute to the
uniform distribution of current over the area of stimulation, reducing the risk of skin
burns caused by the concentration of electricity in the areas of skin contact. The
thickness of the gasket should be more than 1 cm. The cathode and anode must be
separated by hydrophilic gaskets. After completing the work, the gaskets must be
rinsed with running water, sterilized, boiled, and dried. Separately, the anode and
cathode gaskets should be washed and boiled. The uniformity of the electrode and the
gasket to the body plays an important role. If the contact is uneven, the current density
will not be consistent throughout, which can result in burns. Considering this, the pads
should not have wrinkles, therefore, they must be well smoothed before use.

The intensity of exposure is determined by the strength of the current, which is
expressed in milliamperes (mA). The maximum permissible current is calculated by
the current density indicator, the current per 1 cm? of the active electrode area (mA /
cm?). To calculate the maximum current strength, multiply the density value by the

electrode area, which is the size of the gasket surface. The area of the active electrode,
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the location of exposure, individual sensitivity to current, age, and gender of the patient
all influence the current density value. The current density decreases as the area of the
electrode increases. When using electrodes with different areas, the area of the smaller
electrode is used to calculate the amperage. When the cathode or anode is doubled, the

total area of these electrodes is used for calculation. [15]

1.5 tDCS operation principle

During stimulation, two electrodes are applied to the head (Fig. 1.3): the anode
(positively charged) and the cathode (negatively charged). The first reduces the
potential difference on the membranes of nerve cells and increases their excitability.
The second, on the contrary, reduces the difference so that the neurons are less excited
when receiving an external signal. The anode and cathode are attached to different
parts of the head depending on what cognitive function you want to develop.

Sometimes the anode is enough, then the cathode is attached to the shoulder. [16]

WIRES

Two electrodes can provide
different types of stimulation,

depending on where they are
placed. Together, they make

a complete circuit.

ANODE

The anode, or positively charged
electrode, can stimulate neuronal
activity in different parts of the

brain.

DEVICE

A battery-powered device
CATHOD E delivers a constant

electrical current of up to

The cathode, or negatively charged 2 mA (milliamperes).

electrode, can inhibit brain-cell Researchers have

activity. demonstrated that it's
safe to apply this much
current for up to 30

minutes a day. DIY brain
stimulators frequently use
a 9-volt battery as a power
source.

Figure 1.3 — The principle of transcranial stimulation [10]
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By placing the anode and cathode on specific areas of the head, the user can
stimulate the corresponding brain functions. tDCS is performed once a day for 40
consecutive minutes. It is necessary to start stimulation with a current of 0.6 mA and
gradually increase it to 2 mA. There may be tingling and burning in the area of
attachment of the electrodes, as well as flashes of light in the eyes. In case of
discomfort, it is recommended to reduce the current strength to a comfortable level.

Sometimes the effect of tDCS is observed after one session, but in most studies
it was necessary to undergo stimulation for 5-10 consecutive days. The effect of tDCS
can last from 1 hour to several hours, days and even months, depending on the area
being stimulated and the type of effect. After completing a 5-10-day course, a break
of 2-3 months should be taken before the next course. In order to improve a certain
cognitive function, it is recommended to perform tDCS while doing this activity (for
example, to improve mathematical abilities during tDCS solve mathematical
problems). [10]

1.6 Functional areas of the cerebral cortex

Each hemisphere of our brain is divided into four parts: frontal, parietal,
occipital and temporal. But, in addition to the topographic division, the cerebral cortex
is also differentiated on a functional basis. It is divided into:

- sensory (area through the ascending nerve pathways receives sensory
information from most of the body's receptors);

- motor (area associated with the organization, management, and execution
of voluntary movements);

- associative (area responsible for memory, thinking, speech and
language).[17]
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Therefore, with tDCS, it is very important to choose the right areas of the head
to which electrodes should be applied, since different areas of the brain are responsible
for different functions (Fig. 1.4) [10]:

Prefrontal cortex | Attention,  memory,
thinking

Motor cortex Control  over the
muscles

Temporal lobe Auditory and visual
processing

Broca’s area Language production
Language

comprehension

Parietal lobe Sensory perception

Somatosensory Touch
cortex

Occipital lobe Receives visual

information

Figure 1.4 — Brain areas [10]
In the graphic above (Fig. 1.4) shows only large areas of the brain. In fact, each
of them is subdivided into much smaller sections responsible for their own specific
functions. [10]

1.7 Signal transmission mechanism

Each nerve fiber ends with terminal apparatus - nerve endings, they are able to
come into contact with neurons or organ tissues. The places where excitation is
transmitted from one nerve cell to another are called synapses. (Fig. 1.5)

According to the method of excitation transmission, synapses are divided into:

- electrical (excitation is transmitted by electric current);

- chemical (excitation is transmitted by a chemical substance). [18]
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It is the signal transmitted through the central nervous system mainly in the form
of action potentials (AP), simply called nerve impulses, through a succession of
neurons, one after the other. However, you can follow three ways,

1) get blocked in the transmission between one neuron and another,

2) become a repeating string

3) integrate with stimuli from other cells to originate specific patterns

Mitochondrion .
! e Calcium channel

Exocytosis of a

Synaptic vesicle .
vesicle

Autoreceptor —4 “— Recaptured

Serotonin = neurotransmitter

Postsynaptic
receptors activated

Figure 1.5 - Physiological anatomy of a synapse [11]

The majority of synapses used are chemical, in this case, the first neuron secretes
a transmitter substance or neurotransmitter at the nerve ending level. This acts on the
next membrane's receptor proteins to excite, inhibit, or even modify their sensitivity.
More than 40 important neurotransmitters have been discovered, the most well-known
of these are acetylcholine, noradrenaline, adrenaline, histamine, glycine, serotonin,
glutamate, among others. The chemical synapse typically transmits information in one
direction, from the endfoot, or presynaptic element, across the synaptic cleft, to the
receiving membrane, or postsynaptic element of the synapse. The presence of vesicles,
tiny spheres of membrane containing neurotransmitter substances, is perhaps the most

striking anatomical feature of the endfoot at a chemical synapse. The highly active
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neurotransmitter substance, packaged within a vesicle, can be transported to and stored
within the endfoot. Endfeet contain a lot of mitochondria. This is an anatomical
indication that the endfoot's biochemical machinery requires a constant supply of high-
energy materials. In fact, a variety of complex, energy-consuming biochemical
processes occur within the presynaptic component of the synapse. The synaptic cleft
Is the space between the presynaptic and postsynaptic membranes. This gap is
approximately 20-30 nm wide and contains a significant fluid component.[19]
Electrical scheme of the quanta action of potential neuronal mediator (Fig. 1.6)
is as follows: classical neurotransmitter agents change the membrane potential of the
postsynaptic neuron very rapidly by regulating chemically gated ion channels.

Furthermore, these effects disappear fast.

e

Figure 1.6 - Electrical diagram of mediator selection quanta from the synaptic
ending [20]

According to this circuit, the action of a single quantum of the mediator is

equivalent to the inclusion of additional conductivity rg?, so the simultaneous action

of k quanta creates the potential:

E

U= o/

(1.1)

The number of many synaptic terminal effects located on the body of a single

neuron is also electrically represented. Scheme (Fig. 1.6), where the individual
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techniques.

single synapse. [20]

Conclusions to chapter 1

the topic, the use of neurostimulation in medical practice is not gaining traction.

conductivities 1/r, make a joint contribution to the change in the conductivity of a

Neurostimulation enhances cognitive functions in healthy volunteers, including
memory, attention, learning, the ability to solve complex problems, and even

mathematical and language skills. However, due to a lack of theoretical knowledge on

To date, nerve electrostimulation with tDCS is in an early stage of development,

so there is not enough literature available to verify the effectiveness of the proposed
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CHAPTER 2

DEVELOPMENT AND SIMULATION

2.1Software and hardware

To achieve these objectives, we used the software:

e Micro-Cap 9 - for circuit modeling,

e DipTrace - for the development and design of analog circuits

For hardware:

e PCSGU250 - where the device was tested.

2.1.1 Micro-Cap 9

information about the behavior of the system. [21]

The neurostimulator prototype was designed using both software and hardware.
The Micro-Cap circuit analysis program has an easy-to-use interface and has
very modest requirements for personal computer hardware and software. However, the
opportunities that are provided are quite great. With the help of Micro-Cap, you can
analyze analog, digital and mixed (analog-digital) devices, as well as synthesize active
and passive filters. An experienced user can create their own macro models in non-

standard situations, which makes simulation easier without losing essential

In the component’s menu, in passive components, the transmission lines are

enabled. An equivalent circuit for a long lossless and lossy line is shown. (Fig. 2.1.)
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Figure 2.1 - Transmission line equivalent circuit [22]

The lossless transmission line in the calculation of transient processes plays the

inertia.

role of a delay line, in the calculation of the frequency characteristics it is a link without

For a lossy transmission line, the complex transmission ratio of the line is

the transmission coefficient (which takes a long time). [22]

We demonstrate the use of this element in MC9 (Fig.2.2)

GO0

—15D:D'nJ

V (out))

T-line CIR T2LERSED.. 120

o
1 E+OLIT)

0240

b (it

\
0420 oFen 0360 1200 4
T (Secs] T (Secs)

Figure 2.2 - Propagation of the action potential through the cell sequence

The result of modeling the excitation propagation through cells with losses.

calculated analytically. Transient analysis is performed using a convolution integral

with the impulse response of the line, which is calculated as the Fourier transform of
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2.1.2 DipTrace

The DipTrace software was used to produce a printed circuit board in this
project. It automatically designs the printed and circuit board of the device based on
the electrical circuit. DipTrace has a wide number of elements (about 40,000), the
ability to edit elements and patterns, saving time and money. You can easily generate
some schematics and then convert them to different formats.

It has four modules:

1. Schematic Capture - enables the user to connect the pins visually, without
wires, logically, or using the embedded net ports on the circuit board.,

2. PCB Layout - high-quality board-level design tool that features smart
placement and routing tools, shape-based autoroute, copying hierarchical blocks,
smart project structure, and verification features that ensure accuracy even for the most
complex projects with high-speed signals.

3. Library Creation - is also being divided into two major sections, namely,
component and pattern editor. When it comes to the component editor, it helps the user
In managing libraries and creating single or multi-bit components by choosing an
optimized template.

4. 3D Modeling - Works as a part of the PCB Layout and Pattern Editor. The
3D module allows the designer to preview the board with installed components on any

design stage, rotate and move it in real-time with hardware acceleration. [23]
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2.1.3 PCSGU250

PCSGU250 is a complete USB powered lab in one device. Software for two

editor. Integrated automated sequence generator, using file or external input.

General characteristics:

markers for amplitude / voltage and frequency / time;
input coupling: DC, AC and ground;
8-bit resolution;

power supply from USB port (500mA).

Spectrum analyzer

frequency range 0 ... 120 Hz to 12 MHz;
linear or logarithmic timescale;

working principle: Fast Fourier Transform;
spectrum analyzer resolution: 2048 lines;
resolution: 2048 lines;

input channels 1 or 2;

zoom function.

Recorder

timescale: 20 ms / division to 2000s / division;
maximum record time: 9.4 hours / screen;
automatic data storage;

automatic recording for more than 1 year;
maximum number of samples: 100/ s;

minimum number of samples: 1/20 s.

channel oscilloscope, spectrum analyzer, recorder, functional generator and Bode

plotter. Using the generator, the user can create individual signals using a special signal

bM73.00.3105.48/21-CL.II3
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Functional generator

frequency range: sine 0.005 Hz to 1000kHz;

frequency range: square and triangle 0.005 Hz to 500 kHz;

extended signal library;

amplitude range: 0.1 - 10 V (1 kHz, 600 Q), output impedance: 50 Q.

Oscilloscope

bandwidth: two channels from DC to 12 MHz + 3 dB;

input impedance: 1 MQ / 30 pF;

maximum input voltage: 30 V (AC + DC);

time base: 0.1 us to 500 ms per division;

input range: 10 mV to 3 V / division;

indications: True RMS, dBV, dBm, duty cycle, frequency, etc.;
record length: 4 K simples / channel;

sampling frequency: 250 Hz to 25 MHz

Bode plotter

automatic synchronization of the oscilloscope and generator;
frequency range: 1 kHz, 10 kHz, 100 kHz, 500 kHz;
initial frequency: 10 Hz, 100 Hz, 1 kHz, 10 kHz. [24]

2.2 Modeling of biological objects

and functional diversity involved in the creation of their behavior mechanisms.

and intercellular fluid resistance and capacitance (Fig. 2.3):

The modeling of biological artifacts is attributed to the complex dynamics of

the processes that exist in biological systems, which are correlated with the structural

The action of biological structures can be characterized by an analogous

electrical circuit, in which the resistors and capacitors correspond to the membrane

bM73.00.3105.48/21-CL.II3
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resistance of the membranes, Ri is the internal resistance of the cells

characteristics.

active component.

Figure 2.3 - Equivalent structural diagram of a cell

for the absolute value (modulus) of electrical impedance [25]:

1Z| = VR? + X2

Cm is the capacity of the membranes, Re is the external resistance of cells, Rm is the

For a biological object, the impedance has a composite character Z = (R, X). R
Is the active resistive component, and it is primarily associated with the conductivity
of internal liquid media, which are electrolytes. Various processes in tissues, which

are followed by irreversible energy loss, often lead to the value of the impedance's

X is the reactive capacitive component of the system, which is determined by
the capacitive properties of the studied tissue, specifically the ability of biological
membranes. Furthermore, the capacitive portion of impedance refers to the area of

contact between the stimulating electrodes and biological tissues. Expression (2.1) -

(2.1)

As a result, the basic composition of biological tissue (for example, lipids,

water, electrolytes in extracellular fluid) determines the impedance value and its
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Consider a primitive model of a neuron in the form of a spherical cell without
processes. The specific shape of the cell is not significant if the condition of
cytoplasmic equipotentiality is satisfied. A microelectrode (Fig. 2.4, a) is introduced

into the cell, through which a current j is passed.

a b
7
T
r AR

Figure 2.4 - Experimental (a) and electrical (b) schemes for measuring the electrical
parameters of a spherical cell with a single microelectrode source. [20]

At rest, there is a potential difference between the external environment and the
cytoplasm, which is the membrane resting potential due to the stationary ion gradient.
Denote by u the potential difference between the external and internal environment of
the cell, measured relative to the level of resting potential. Since the equivalent
electrical circuit of a spherical cell is the parallel resistance r and capacitance ¢ (Fig.
2.4, b), the relationship of the potential u with the current j passed through the cell is

described in the general case by a differential equation of the 1st order:

where r is the input resistance of the cell, which is determined by:

R

~ (2.3)

T =
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where Rm - resistivity of the membrane, which is measured in units of Ohm ¢ cm2,
S - area of the membrane.

The capacity is similarly defined:

¢ =CpS, (2.4)

where Cm - specific capacity of the membrane, which is measured in units of pF /
cm2.

The product r - ¢ = Rm - Cm has a time dimension (cm - uF =ms) and is called
the membrane time constant.

The value of the membrane time constant tr, is a scale unit of time, and the input
resistance of the cell r - unit of resistance.

Then the equation can be rewritten with unit coefficients:

du
N =7 2.5
U= (2.5)

now t ~ t/ tm is a dimensionless quantity, and j ~ rj - has a potential dimension.
A fundamental solution to a linear differential equation is a solution that
corresponds to an influence in the form of a delta function. For the simplest differential

equation (2.5), the case j = 0 (t) corresponds to the solution:

u(t) = @(t) = e te(t). (2.6)

The potential change in response to an effect, representing the inclusion of a

constant effect j = ¢ (t) is called the transient process u (t) = h (t). For equation (2.5)

h(t) = (1 — e H)e(t). 2.7)
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That is, selecting function ¢ (t) in the form of function (2.6) is equal to

employing the neuron's spherical model. [20]

2.3 Simulation of current source and object under study in MC9

The device creation process is divided into several phases. One of them is the
development of a precision current source in Micro-Cap 9 software. A simulation was
done using formulas 2.9-2.13. (Fig.2.5).

T (R14\\
AN L ARLT)) figure2 CIR RI 4=0.8K,

3Eﬂ£|]ll 4CE|£|]11 B

T (Secs

Figure 2.5 - Precision current source (B) and simulation of the performance
(A) in Micro-Cap 9
Fig. 2.5 (A) shows that when the patient's resistance varies from 0 to 8 k€, the
circuit provides a current of 1mA, indicating that the current source is working
properly.
Fig. 2.5 (B) U1B and U1C are the current source, the output current of which is
calculated by the formula:

_ Vref (28)
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where | - output current;
Vet - VOItage;
Rs - resistor that sets the output current.
Since the input impedance U1C is quite high, the current flowing through Rg is

approximately equal to the current flowing through R7, so:

Vier = Vout U1B Vier + Vout ULB 2.9

VinUlc — ref Zout + VoutUlB _ ref 2out ( )
Vier + Vout ULB 2.10

V. ULC = 2 |=L 2"’“ = Vyes + Vit U1B (2.10)
V,,.U1B = V;,U1B (2.11)

Vrg = Vot U1C — V;,,U1B (2.12)

Vis = Vyer + VoutULB — V;,, U1B, (2.13)

where Vinouy U1C— voltage at the input (output) U1C;
Vinouy U1B - voltage at the input (output) U1B,;
Vgs - Voltage in Rg [26].

Another stage in the development process is the equivalent circuit simulation of
the object under study.

The electrical interaction of cells occurs through intercellular contacts. To
analyze the factors that determine the conditions of excitation transmission from cell
to cell, it is necessary to consider an equivalent electrical circuit of the contact area,
which takes into account all its main elements that affect the transmission of electrical
signals through this area. Contacts of different morphological structure correspond to
different electrical circuits (Fig. 2.6). [27]
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Figure 2.6 - Equivalent electrical circuits of cell contacts: A - intercellular gap

without connexons, B - slit contact with connexons [27]

The specificity of cell interaction via chemical synapses is most evident in the

special organization of synaptic contacts (Fig. 2.7, B).

A : J,f
I
B j

—

% %%
g “%ﬁh 2o
——

simplest model of nervous tissue - when cells lack axons and communicate via somatic
contacts (Fig. 2.7, A). If in such a "hypothetical” column, each cell forms only one
chemical synapse, for example with the right neighbor, the transfer of effects is

possible only in one (positive) direction. Bilateral transmission is possible with a

A is a column of cells with unilateral synaptic interaction, j is the current of

the stimulating electrode, the arrow indicates the direction of transmission, B is a

column of cells with bilateral interaction

Figure 2.7 - Schemes of biological neuron model [20]
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According to the electric model (Fig. 1.6), each cell in the considered columns
Is represented by an rc-element and the whole column is a series of such elements
directly connected by one pole simulating the external conducting environment, and
the sources are included in the second poles current, representing the synaptic effect
(Fig. 2.8). [20]

gi
. I =—dx
I Ld
: R X Bx
Y - — TR = ——
T G i
u @ du
u=—dx
ax

ax

Figure 2.8 - Equivalent electrical circuit of nerve tissue with equipotential cells
From the theoretical foundations of electrical engineering, it is known that the

line with distributed parameters is described by equations [20]:

P
__=l —
gl.x gi (2.14)
e St Co

Based on the above-described theoretical data on the equivalent section of the

object, the diagram shown in Fig. 2.9 (B) and simulated work.
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conclusion was reached using the simulation method - Monte Carlo.

Figure 2.9 - Simulation of the impedance curve by the Monte Carlo method in Micro
Cap9

From Fig. 2.9. we see that if the equivalent part of the object is taken 4 (C) and

1 (D) cells, the nature of the impedance curve A and B, respectively, does not change,
and only disperse when changing denominations. As a result, we can conclude that the

analysis of a group of cells can be replaced by an equivalent scheme of one cell. This
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2.3.1 Monte Carlo method

Monte Carlo Simulation, also known as the Monte Carlo Method or a multiple
probability simulation, is a mathematical technique, which is used to measure the
possible outcomes of an unexpected event.

Suppose we need to calculate some unknown quantity m. Let's try to come up
with such a random value & that M& = m. Let DE = b2,

Consider N independent random variables &1, £2,..., EN (realizations), whose
distributions coincide with the distribution &. If N is large enough, then according to
the central limit theorem, the distribution sum pn = >i &i will be approximately normal
to Mpn = Nm, D py = Nb2

Known as the Central limit theorem (or Moivre-Laplace limit theorem) we

obtain the relation:

Zfl

where ® (x) - distribution function of the standard normal distribution.

< k—) >20(k) -1, (2.15)

This is an extremely important relationship for the Monte Carlo method. It gives
both a calculation method m and an error estimate.

Find N values of the random variable & From this ratio it is seen that the
arithmetic mean of these values will be approximately equal to m. With a probability
close to (2 @ (k) -1), the error of this approximation does not exceed the value of kb /
N. Clearly, as N increases, this error tends to zero. [28]

This algorithm is included in the Micro-Cap 9 software package as an additional
type of electronic circuit analysis.

Monte Carlo is a type of analysis in which a series of calculations are performed

to statically process the results. In this case, the parameters of the circuit components
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change by random law within a given tolerance. Thus, the distribution of parameters,
which always exists in real components, on the characteristics of the circuit is
investigated. In addition, the Monte Carlo analysis is designed to identify
combinations of parameters of the components of the circuit, in which the
characteristics of the circuit go beyond the specified limits. All such combinations of
parameters are written to a numerical output file and can then be analyzed in detail,
recalculating the results several times, each time using a different set of random
numbers between the minimum and maximum values. Since Monte Carlo analysis
necessitates a large number of calculation choices with various parameter

combinations, it takes a long time. [21][22]

2.4 Electromagnetic compatibility

For the correct functioning of the created device, it is necessary to observe
certain conditions. One of which is the provision of electromagnetic compatibility
(EMC).

Electromagnetic compatibility is now a major concern on any project that
involves the design, development, manufacture, and installation of electrical and
electronic equipment and systems. Is the ability of a device, equipment or system to
function satisfactorily in its electromagnetic environment without creating
unacceptable electromagnetic interference to other equipment in their operating
location. [29]

The need for electromagnetic compatibility comes from the fact that there is a
significant amount of different radiation types in actual situation, and the correct and
reliable operation of the devices is impossible without the provision of EMC. It can be
achieved using a variety of techniques. Techniques for avoiding disturbances call for

the elimination of the source of disturbance or a reduction in the level of emission.
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Technical failure or improper work can lead to an accident. Furthermore, violations
can be both reversible and irreversible. [30]

To ensure the electromagnetic compatibility use the following technical
methods:

- shielding - the practice of reducing an electromagnetic field in a space by
blocking it with conductive or magnetic barriers. Shielding is commonly used to
separate electrical devices from their surroundings, and it is also used to distinguish
wires from the area in which the cable passes;

- filtering - commonly used on lines into and out of a circuit with cables and
connectors, and some special connectors may have built-in low-pass filters whose
main task is to soften digital waveforms to increase rise and fall times and minimize
harmonic generation;

- grounding - establishing an electrically conductive path between an electrical
or electronic element of a device and a ground-referenced. point or plane. [31]

Norms of conductive interference are established by the following international
standards (fig. 2.10):

International European

International Electrotechnical European Commitee for European
Commission(IEC) Electrotechnical Telecommunication
I Standardization Standards Institute

] (CENELEC) (ETSI)

Comité International Spécial des
TC77 Perturbations
Radioélectriques(CISPR)
IEC 61000-X CISPR-XX EN 55XXX EN 300XX
EN B6XXXX

Figure 2.10 International standards
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Basic standard
(general and
fundamental rules)

EN 61000-4-x
(IEC61000-4-x)

EMC - Testing and measurement techniques

EN 61000-6-3 Generic Emission Standard, for residential, commercial and
Generic standard | (IEC61000-6-3) | light industrial environment
(for equipments in a - - z - -
specific environment) EN 61000-6-1 Generic Immunity Standard, for residential, commercial and
(IEC61000-6-1) | industrial environment
EN 55022 Information technology equipment (ITE)
(CISPR22)
EN 55014 Household appliances, electric tools and similar apparatus
(CISPR14)
Product EN 55012 Vehicles, boats and internal combustion engines
roduc
standard (CISPR12)
(for a specific product EN 330220 Electromagnetic compatibility and radio spectrum matters
family) (ETSI 330 220) (ERM); Short Range Devices (SRD); Radio equipment to be

used in the 25 MHz to 1 000 MHz frequency range with power
levels ranging up to 500 mw;

EN 330330
(ETSI 300330-1)

Electromagnetic compatibility and radio spectrum matters
(ERM); Short Range devices (SRD); Radio equipment to be
used in the frequency range 9 KHz to 25 MHz and inductive
loop systems in the frequency range 9 KHz to 30 MHz

Figure 2.11 — EMC Commercial standard [32]

Method to measure conductive interference (Fig.2.12):

-

power supply

[33]

Example of measuring conductive interference in real conditions (Fig. 2.13)

1 - metal wall 2 x 2 m; 2 - experiment; 3 - power cord sheathed with 3 x 40 cm flat
loops; 4 - V-shaped network equivalent; 5 - coaxial cable; 6 - measuring receiver; B -

support grounding connection; M - input of the measuring receiver; P- experiment

Figure 2.12 - Example of a test configuration for a desktop with a built-in power cord
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Figure 2.13 - Measuring conductive interference installation

2.5Technical requirements for the developed device

The construction of electrical stimulators must ensure the formation of an

1).

Table 2.1 Technical requirements for the developed device

adequate signal of impact, meet the requirements for the implementation of the
necessary modes of operation, as well as meet the general requirements for medical
equipment. Based on the developed literature and practical research in the MC 9
software, the technical requirements for the developed device were determined (Table
2.

Features

Value

Output current, mA

0.01-1.0+£ 5%

Maximum patient electrical impedance, kQ 8
Stimulation time, min 5-40
Supply voltage, V 9

Device parameters must be saved at

30% battery discharge

Climatic performance of the product according to GOST | NF 4.2
15150-69 [34]
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Operating humidity values at 25 °C according to GOST | 80
15150-69,%
Operating temperature range according to GOST 20790-93, | + 10... +35
°C [35]
Depending on the possible failure consequences in the process | G
according to GOST 20790-93, class
resistance to mechanical influences according to GOST |2
20790-93, group

Electrical safety according to DSTU 3798 [36] class 11, type BF
Weight, kg 0.35
Overall dimensions, mm 110x65x28

The device must meet the requirements of DSTU 3798, GOST 20790, technical
conditions (TC) and a set of construction design (CD).

The external surfaces of the device must be resistant to repeated disinfection in
accordance with GOST 42-21-2, GOST 177 and DSTU 2972.

The electrodes contact surfaces that are in contact with the patient's body must
be resistant to repeated disinfection by means that are intended for disinfection of non-
invasive medical devices and are allowed to be used by the Ministry of Health of
Ukraine in prescribed manner.

The technical conditions for the device must be suitable for certification in

accordance with the requirements of the state certification system.

Conclusions to chapter 2

As a result of computer simulation, the maximum resistance of the object under
study was determined, at which the circuit provides 1 mA of current, was found that:

1)  the nature of the obtained impedance curve does not change, but only the
scatter of frequency characteristics changes when the denominations change;

2)  aconglomerate of cells in an equivalent scheme can be replaced by an
equivalent scheme of one cell.

Based on the obtained results and the processed literature the medical and

technical requirements to the developed device were formed.
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CHAPTER 3
CREATING APROTOTYPE
3.1Block diagram of the device

The design of a block diagram is required for the development of any device.

The block diagram of the device which is planned to be made is presented on fig.3.1.

Device
________ u I %

l————————-l\

/_
—

|
[y

{

1 - the studied object, 2 - electrodes, 3 - current source, 4 - power supply, 5 - filter, 6
- reference voltage source, 7 - current reference, 8 - PCSGU-250 analyzer, 9 -
personal computer ( PC)

Figure 3.1 - Block diagram of the device

The power supply consists of a Nine-volt battery and a DC-DC converter. The
PCSGU-250 analyzer records the cell impedance module in a test tube and transmits

the data to a PC, which is also controlled by it.
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3.2 Filter calculation

A low-pass filter was used to ensure the technical task and the correct operation
of the device. Since the signal is constant, using this filter is sufficient to suppress
high-frequency components.

In fig. 3.2 shows a diagram of a simple RC-filter of low-pass filter and its

frequency response.

log( II'(JCD)I )
R 0dB

Vin MTOVOUt 3dB
IC
o o

a fa

Figure 3.2 - LPF (a) and its frequency response (b) [37]

The transmission ratio in complex form can be expressed by formula (3.1):

K(i )_UBHx(iw) _ 1juC 1
Vo) =3 Ga) ~ R+ 1/joC 1+ jwRC

(3.1)

From here we get the formulas for frequency response and phase response:

K| = 1/4/1 + (wRC)2,, (3.2)
@ = —arctg(wRC) (3.3)

Having accepted
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K(jw) =1/V2 =1//1+ (wcpRC)?

We obtain the expression for the cutoff frequency wCP

1

Wep = ﬁ'
1

f oo = 27RC

The phase shift at this frequency is -450.
| K| =1=0dB at low frequencies f«<fCP.

dB per decade or 6 dB per octave. | K | = 1A2 =-3dB at f = fCP. [38]

3.3 Prototype development

3.3.1 Selection of base elements

P6AU-0512ELF from PEAK was chosen (Fig. 3.3) [39].

Figure 3.3 - Actual view of the viewconverter P6AU-0512ELF[39]

(3.4)

(3.5)

(3.6)

At high frequencies f>>fCP according to formula (3.2), | K | =1 / (eRQC)), i.e.,
the transmission coefficient is inversely proportional to the frequency. When the

frequency is increased 10 times, the gain decreases 10 times, i.e., it decreases by 20

For conversion from 5 V direct current to 12 V direct current, the converter
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As a precision operational amplifier (OP) in the scheme was used - OP284

Figure 3.4 - Actual view of the operational amplifier OP284[40]

manufactured by Analog Devices (Fig. 3.4).

These high-speed OPs with low distortion (1 nA or less) and low noise allow

supply voltages = 18 V and low power consumption.[40]

system developers to obtain higher signal quality in the most difficult conditions and

achieve less system noise at high source impedances. They also have a wide range of

During the development of the model, the appropriate passive elements were

The values for resistors Rg, R7, Rg and R1o were selected from the series E48,

selected using standard series according to IEC-63 for resistors and capacitors [41].

and for the resistor Rg - from the series E96, the value for the capacitor C2 was

selected from the E3 series using simulation in the MC9 software (Fig. 3.5).
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0.000

within the specified limits.

wivd) (W)

Figure 3.5 - Simulation in MC9

3.3.2 Development of a printed circuit board

the necessary structural elements, such as connectors, junctions, etc. [23].

In fig. 3.5 shows that the selected values for resistors and capacitors will fall

A printed circuit board was developed in the DipTrace software. The pre-

assembled circuit (Fig. 3.6) is transferred to the DipTrace Schematics module, adding
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Figure 3.6 - Schematic electrical diagram
After that, switch to PCB Layout mode, which allows you to develop a printed

circuit board and trace it (Fig. 3.7).

— ..,..i
= I/(D

— N

Figure 3.7 - PCB tracing
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The circuit, traced using DipTrace, became the basis for the manufacture of the

printed circuit board shown in Fig. 3.8.

W ) < )

Figure"STEB— - Finished board appearance

The designed printed circuit board was tested in the laboratory.

3.3.3 Created a prototype

The created prototype in addition to the printed circuit board contained some
other components, such as DC-DC converter, potentiometer, battery, etc .. Then all

these elements were placed in the case (Fig. 3.9).

Figure 3.9 - Developed a prototype
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To perform the study, the source of the stimulation signal must generate a

the nervous tissue and is set through the characteristics of the stimulating effect.

current with parameters that depends on the magnitude of the load resistance, i.e., the

suspension of nerve cells. The frequency range is determined by the characteristics of

An experiment was performed which showed that when we increase frequency

Table 3.1 — Experiment results

through the capacitor, allowing the impedance to decrease (Table 3.1).

lg - f, Hz Vpp, mV R, Om f, Hz Vpp, mV R, Om
1 646 472 200 50 37
2 402 294 250 47 34
3 322 235 300 45 33
4 270 197 350 44 32
5 242 177 400 42 31
10 176 129 450 41 30
15 150 110 500 40 29
20 136 99 1000 34 25
25 124 91 1500 32 23
50 90 66 2000 30 22
75 80 58 2500 26 19
100 70 51 3000 26 19
125 65 47 4000 26 19
150 60 44 5000 26 19

the resistance decreases, this is due to the fact that the suspension has resistive and
capacitive bonds. Since direct current does not flow through the capacitor, but as

frequency increases, the equivalent resistance decreases, some current may flow

Let's construct the schedule of impedance change depending on frequency

change (fig. 3.10).
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blue curve - experimental results, red curve - simulation results

meets the technical requirements.

Conclusions to chapter 3

were developed for the device.

specified technical requirements.

6 8 10
f, Hz

Figure 3.10 - Graph of impedance change from frequency

12

Figure 3.10 shows that the experimental results (blue curve) validated the

simulation results (red curve). As a result, we can conclude that the prototype created

Based on the technical task, a block diagram and an electrical circuit diagram

The choice of real components was made taking into account their technical
characteristics, price and availability. Passive circuit elements were selected using
standard IEC-63 series for resistors and capacitors and by simulation in MC9 software.

In addition, the printed circuit board was designed and traced, and a prototype

was made. Laboratory test showed that the device's designed sample meets the
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CHAPTER 4
LABOR PROTECTION

4.1 Device characteristics

The block diagram of the developed device for neurostimulation is presented in

Fig. 3.1.
The construction of electrical stimulators must ensure the formation of an

adequate impact signal, meet the general requirements for medical equipment.

Therefore, it is necessary to determine the technical requirements for the developed

device (table 2.1).

4.2 Analysis of potential hazards and measures to prevent them

Table 4.1 shows the analysis of dangerous and harmful factors that occur during

the operation of the DC stimulation device.

Table 4.1 - Dangerous and harmful factors

Types of factors Effects
Physical factors Electrical and fire safety
Biological factors Electrode with hydrophilic gasket
Chemical factors Battery leakage
Thermal factors Electrode overheating

Consider the impact of each factor on the human body, the effect results, and

the steps that can be taken to prevent them.
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4.2.1 Electrical safety

electric device.

Table 4.2 shows the possible sources and consequences of damage from an

Table 4.2 - Source and consequences of exposure to dangerous physical factors

Source Effects
Amperage Electric burn
Table 4.3 - Comparison of actual and normalized current values
Factor Actual Normalized
Current strength, mA 0.01-10 0.6-2.0

From the table we see that the actual current does not exceed the norm.
Table 4.4 provides safety precautions to prevent electrical accidents.

Table 4.4 - Security measures

Type of measures

Means of overcoming danger

Technical

Installing the current control knob.
Installing the battery discharge indicator.
Correct selection of scheme denominations
Electrical safety class of the device - |1
Type of electrical safety of the device - BF

Organizational
arrangements

Conducting briefings with doctors and patients. Acquaintance
with the operation manual.

Other measures were taken.

on human health.

When designing the device, it is necessary to install battery discharge indicator.

4.2.2 Biological factors

Table 4.5 lists the possible sources and effects of hazardous biological factors
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Table 4.5 - Sources and consequences of the impact

Source

Effects

Electrode with hydrophilic gasket

Transmission of diseases and
infections

harm to health.

Table 4.6 - Security measures

Type of measures

Means of overcoming danger

Technical

gasket

Choose an antibacterial material for the hydrophilic

Organizational
arrangements

Use of

Thoroughly rinse under running water.
Sterilization by boiling

disposable hydrophilic gaskets

Acquaintance with the operation manual

technical characteristics:

Voltage- 9 v.

4.2.3 Chemical factors

Both precautions were taken during the final prototype's testing.

Capacity of normal alkaline battery is 625mA e year.

battery, there may be a risk of exposure to a chemical hazard (Table 4.7).

Table 4.7 - Danger of chemical factor

Source

Effects

Alkali

Mucous membranes burns and skin.

Table 4.6 lists the safety measures that must be taken to eliminate the risk of

The developed device contains the battery "nine-volt" with the following

After a breakdown of chemical processes in the battery, the electrolyte flows

and the oxide will be formed on the contacts. Therefore, when replacing a leaking

Here are the protection measures that will help to avoid the chemical dangerous
effects on human health (Table 4.8).
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https://uk.wikipedia.org/wiki/%D0%90%D0%BC%D0%BF%D0%B5%D1%80-%D0%B3%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0

Table 4.8 - Protective measures against the effects of chemical influences

Organizational

Check the battery charge.
Observe the storage conditions of the device.
Do not subject the device to mechanical damage.

Personal protection measures

Gloves

4.2.4 Thermal factors

All measures must be taken during the device operation.

Sourc

e Effects

Electrode overheating Thermal burns

dangerous effects of electrodes overheating on human health.

Table 4.10 - Protective measures against thermal factors

Technical

Electrode’s isolation

Organizational

Training on how to work with electrodes.

isolation were used.

The device stimulates the human nervous system with direct current due to a
pair of electrodes. Since the electrodes can overheat, they can cause a dangerous
thermal effect on the skin (Table 4.9).

Table 4.9 - Thermal factor risk

Here are the protective measures (Table 4.10), which will help to prevent the

During this process, the operational instructions were followed and electrode’s
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4.2.5 Fire safety

The device components are stored in a plastic case; this material belongs to a
specific category of flammability and shows the equipment's fire danger (table 4.11).

Table 4.11 - Parameters of a possible fire

Device name Combustible Substances Fire's possible cause
substance (integral that are
part of the equipment) | combustible

Human factor: violation of fire
safety rules.

tDCS device Plastic Fuel Technological  factor: device
overheating, electric sparks, alkali.

Table 4.12 Safety measures that must be taken to eliminate the risk of harm to

health.
Table 4.12 - Protection measures
Technical Protection from nonflammable material
Organizational Training in physiotherapy field
Observance of safety rules

All measures must be taken during the device operation.[42]

4.3 Operating instructions

1. Preparing the device for work
Before starting, make an external inspection of the device and check: integrity,
completeness, absence of visible mechanical damage to the device and electrodes.

Make sure a battery is connected in its compartment or connect the battery to the

corresponding terminals.
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2. Preparation of electrodes

Unpack the contact wires and electrodes. Connect the contact wire plugs to the
electrode sockets, those should be placed on patches soaked in saline to promote
electrical conduction. Then connect the plug of the common part of the contact wires
to the socket on the body of the device. The electrode system is ready for operation.

3. Preparation for the procedure

Make sure the skin where the electrodes are applied is clean, without cosmetics,
there are no rashes and damage. It is recommended to wipe the skin with a lotion or a
weak alcohol solution before the session. Then secure the electrodes to the appropriate
areas of the head or shoulder.

4. Conducting tDCS

During the operation, the patient should be calm, comfortable, and awake. Some
patients may experience discomfort during the initial period of tDCS. In these cases,
the current can be reduced progressively over a short period of time, for example, by
50%, as the subject adapts, and then gradually increased to the desired amount. The
duration of the session should not exceed 10-15 minutes.

It is possible to recommend stimulating at a lower intensity, such as 0.5-1.0 mA,
but this does not guarantee that skin irritations or accidents can be avoided. As a result,
before and after tDCS, the skin under the electrodes should be examined.

After the procedure - turn off the device by turning the knob counterclockwise.
Remove the electrodes from the head and/or shoulder.

Recommended mode of exposure: 40 minutes per day, 5-10 days in a row,

between sessions, you need to take a break of 2 months.[43]
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Conclusions to chapter 4

physical, biological, chemical and thermal hazards were analyzed.

standards, but certain measures have been proposed to reduce the physical risk.

In this section of the thesis, the potential dangers that arise during stimulation

of human nervous tissue with direct current were identified and analyzed. In particular,

For each type of hazard, measures have been developed to improve
neurostimulator safety. For the device under development, an operation manual was
established, which describes recommendations and rules to carry out the procedure.

The developed device is safe to use and generally complies with labor protection
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CONCLUSIONS

As a result of processing the theoretical material, construction of a precision
current source and an equivalent model of the object under study, modeling in the
Micro-Cap 9 software, testing a sample of the device, it was found that:

- by influencing brain activity, it is possible to positively influence most of the
body's processes (improvement of cognitive function, treatment and prevention of
diseases);

- the maximum resistance of the object under study (8 Ohms), at which the
circuit provides a current of 1.0 mA,;

- the conglomerate of cells in the equivalent scheme can be replaced by the
equivalent scheme of one cell.

The choice of real components was made taking into account their technical
characteristics, price and availability. Passive circuit elements were selected using
standard IEC-63 series for resistors and capacitors and by simulation in MC9 software.

Technical specifications for the unit, as well as structural and electrical
schematic diagrams, were also created. A prototype was created after the printed
circuit board was designed and traced. Laboratory tests showed that the designed
sample of the device meets the specified technical requirements. The results of the
experiment confirmed the results of computer simulation.

The developed device is safe to use and mostly meets the standards of labor

protection, but certain measures have been proposed to reduce the physical danger.
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