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Abstract

The chapter presents the development of an optical-electronic system with informated
support in doctor solutions for its application in hematology, otorhinolaryngology,
and dermatology. With the purpose of improving the quality of treatment by the per-
fection of the technology, the introduction of new contact lenses controls the experi-
mental researches of spectrums of different objects and uses an optical-electronic
system for the control of blood during and after the process of photopheresis. Optoe-
lectronic systems for the treatment of ear noise by method of sedation with the use of
optical bio-impact on the human psycho-physical condition through visual receptors
with a special light medical information program. The proposed specialized optical-
electronic system for dermatology allowed to significantly reduce the length of time
on the process of diagnosis, provide a rapid process and expand diagnostic capabili-
ties for the identification of detected pathologies.

Keywords: optical-electronic system, informated support, contact lenses controls,
hematology, otorhinolaryngology, dermatology

1. Introduction

The development of optical and optoelectronic non-invasive means of diagnosis and research
of opportunities for their effective use, in particular, to assess the structural condition of the
tissue area in normal and pathologically is an actual problem of modern biomedicine [1, 2]. A
variety of pathological tissue area neoplasms forced to seek new approaches to conditioning,
differentiation, and diagnosis. Such possibilities in dermatology, otolaryngology, hematology,
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and other fields of medicine have become a reality with the beginning of the application of the
new principles of optoelectronic systems, highly efficient miniature light sources, and the
design of new technologies using promising microcontrollers and flexible algorithms based
on probabilistic methods approach (Bayesian method) and consistent statistical analysis (Wald
method). The functional, pathophysiological, and psychophysical conditions of the patient, as
well as changes in the conditions during illness, treatment, and individual treatments affect
the optical properties of tissues. In particular, the express diagnosis of surface and near-surface
layers of the skin on the principle analysis of signals reflected traversed, and its own electro-
magnetic radiation output information of the simulated process is to analyze the spectra of the
light reflection of the scanned tissue.

For example, there have been new specialized optoelectronic and optical-electronic systems
developed for [3]:

* automating the analysis of peripheral parameters and psychophysical conditions in the
patient;

* activating the control blood system during photopheresis treatment procedure and (in the
research study) optoelectronic active control of micro- and nano structures of biological
fluids for new bacterial implantens technologies;

* physiotherapeutic procedures on the photo treatment of ear noises, tonsillitis, and phar-
yngitis; and

* express diagnostics and authentication of skin illnesses.

2. Optical-electronic system for the photopheresis treatment in hematology

2.1. Photospheresis

Photospheresis is a modern nanotechnology of blood, which is used for the treatment of
heavily cured illnesses such as a T-cells lymph adenoma of the skin and psoriasis, considered
as the precancerous stages. Due to the division of aluminous factions of blood with the
introduction of a sensitizer under the action of electromagnetic radiation of area of a fellow
creature of ultraviolet range and the electronic absorption of radiation of certain wavelengths,
it is possible to carry out the treatment of the higher mentioned illnesses. Thus, the indexes of
the key-in of optical radiation blood change in the different areas of spectrum [4].

2.2. Experiment and results

With the purpose of improving the quality of treatment by the perfection of technology due
to the introduction of new contact lens controls in the experimental researches of spectrums
of different objects that touch control of blood after and in the process of photopheresis were
conducted. Conducting of these researches is extremely a necessity for the determination of
prospective and possibility of method. The capacity of the structure consonant with the
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existing technology of photopheresis and the subsequent development of the checking system
are offered below [5, 6].

The structure of the optoelectronic element of the research (Fig. 1) consists of the radiate 2 and
sensory parts 5. The radiate part shows, by itself, the matrix of varicolored light-emitting
diodes 1 with the chart of the electric feed. The light streams are from each of which, passing
through the contactor from blood, is disposed between the radiate and sensory parts 3, gets
on a photo detector sensory part 4. The sensory part includes itself, except for a photo detector
or photo detectors electronic charts of the previous strengthening, feed, and tuning of the
intensity of radiation. Such structure enables the comparison of the noted optical descriptions
of blood with a marked higher resolution photo in the medical technology.

Figure 1. Structure of optoelectronic element. 1 - LED, 2 - radiative part, 3. Place of location of contactor, 4 — photo
detector of sensory part, 5 - sensory part.

On the basis that we got and published earlier, recommendations in relation to principles and
constituents of the checking system of the chart of experiment (Fig. 2) were developed, and
the ground of choice of its components is carried out. A chart allowed to conduct the research
of the dependencies of the intensity of electric signals, which were derived from the sensory
part by the passing of a light stream from every light-emitting diode through the objects set in
an experiment. By them were standard capacity with the bio-pierce of blood, empty capacity,
layer of air with the sizes of capacity for blood and others like that.

For the choice of the constituents of an irradiate part - LED block 1, experimental researches
that are spectral were conducted with the descriptions of light-emitting diodes in different
areas within a visible range. The results of the researches of the light-emitting diodes are shown
in Fig. 3. These results enabled us to choose certain types of light-emitting diodes according
to some previous works pertaining to spectrum bars. There are also foreseen changes of light
transmittance as a result of photopheresis. For the exception of the unforeseen influencing of
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Figure 2. Chart of experiment: 1 — LED block, 2 — bio-sample, 3 — photo detector block, 4 — strengthener of photo-
stream, 5 — measuring device of photo-stream, 6 — optoelectronic element, 7 — switchboard, 8 — feed.

extraneous radiates optoelectronic element 6 disposed in a light protective shell. For the
influence on the results of the spectral descriptions of light transmittance and light reflection
cuvette, the probed blood took place. And air around a cuvette is observed for the research of
the passing of radiation of the chosen light-emitting diodes through this material, and the layer
of air is chosen after its sizes. The intensity of radiation on spectral descriptions (Fig. 3) is
resulted through the values of intensities and the maximal values for this description:
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Figure 3. Spectral descriptions of separate light-emitting diodes I(A).

On the basis of the derived results, the coefficients expected higher admissions of the objects
chosen, the value of which is shown in Table 1. It is possible to correct the spectral description,
which allows the exactness and authenticity of experiment.
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Color of LED Yellow Blue Green Red
Object

Air 1,7 58 8,7 10
Cuvette 1,4 5,4 6 6
Cuvette with blood 1,2 2,2 43 5,8

Table 1. Expected coefficients of admission.

To the sensory part, silicious photodiodes were applied as FD-24F with a spectral sensitiveness
in the area of wave lengths of 590-980nm. The type and location of the photodiodes in a photo
detector block enabled to get signals about the changes of radiation intensity after its trans-
mission through the chosen object from each of the noted light-emitting diodes.

Both parts of the flat, thin-walled cuvette, which was filled the bio-pierce of blood, were set.
The standard medical cuvette or, as it is named in hematological technologies, the contactor,
was made from a nontoxic optically transparent polyethylene with a 2mm thickness of walls.
The volume of blood simultaneously contained in the cuvette is 140x23x1mm.

After the known values of the volume of blood in a cuvette and its ultraviolet display in
accordance with technology of photopheresis, the energy of excitation that blood gets during
irradiation is estimated.

The radiation of the visible range of wave lengths, which is fixed with the basis of the control
of changes in the spectral descriptions of blood as a result of OOH displays, must go through
the walls of the cuvette twice. The developments of the controls and needs of the experimental
researches with its own spectral descriptions must be taken into account. Given all these, the
research for the different areas of the spectrum is done for every bio-sample and its absence
on the basis of the value of the admission coefficient of optical radiation in the different areas
of the spectrum.

The light-emitting diodes feed was carried out through the managed ballast resistors with the
consistently included current measuring devices. For the switching of light-emitting diodes,
an electro-mechanic switchboard was applied.

For the control of diets, light-emitting diodes and photo detectors were foreseen as the proper
measuring devices of current and tension. The signals of the photo detector after strengthening
by an electronic chart was seen in the measuring device through photo stream 5.

A research method included light-emitting diodes and measuring each of them to the photo
stream. Results achieved with the use of a radiate block on the basis of 4 light-emitting diodes
for different objects, which apply in photopheresis, are presented in Fig. 4.

Through the relation of the photo stream attained for the different light-emitting diodes in the
different areas of spectrum for the objects chosen, the value of coefficients of light transmittance
was higher. With the account of changes in the spectrum as a result of the cooperation of light
with the cuvette and air, the expected values of the coefficients for the chosen light-emitting
diodes are presented in the light transmittance of blood shown in Table 2.
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Figure 4. Dependencies of photo streams are for the chosen light-emitting diodes and different objects which apply in

photopheresis.
Colour of LED Blue Green Yellow Red
Coefficients of transmittance 0,4 0,72 0,86 0,97

Table 2. The value of coefficients of light transmittance for blood.

These results are illustrated below in Fig. 5.

1
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Figure 5. Coefficients of light transmittance for blood and the radiative part from four chosen light-emitting diodes.

Such set of bars can be applied to assess the facilities of the electro-optical research of blood as
a result of its photo technological treatment.

On the developed operating optoelectronic prototype of the research of blood system during
photopheresis or other photo-medic technologies, experimentally probed changes of coeffi-
cientadmission of exposed to the rays at photopheresis are seen in four basic areas of spectrum.

It is shown that most spectral changes from photopheresis are tested by red, green, and dark
blue areas of spectrum, which can be applied in the development of the optoelectronic checking
system as a constituent of equipment for conducting of photopheresis.

After the results are acquired, it is possible to consider that the application of the offered
parameters of the optoelectronic checking system will enable the development not only to
control the technology of photopheresis but also for its perfection.
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2.3. Model device for the study of optical parameters of blood during photopheresis

There is an urgent need to improve the efficiency of photomedical technology (PMT) for many
medical areas such as hematology, otorhinolaryngology, dermatology, surgery, etc. Also, there
is the problem of creating devices on the principles of programmable photo stimulation and
information feedback from bio-objects (BO), minimal interference to BO, and no damage to
the patient. One of prospective ways of solving this problem is to formulate the basic medical
and technical requirements and the principles of development and application in medical
practice and photo medicines, the basis of which would be assigned to new advances in
research in the direction of optoelectronics and the design specialized for specific PMT
optoelectronic systems (OES). Such thermal systems, discharge plasma, and semiconductor
sources aiming incoherent radiation to allow the creation of BO stimulating irradiation with
software controllable (according to the spatial frequency characteristics of the irradiated BO)
dynamics and continuous noninvasive research of medicinal sessions for the analysis of
changes in the optical parameters of the BO. This analysis can be based on the comparison of
optical characteristics that are relevant to a particular medical technology (photo or any other
technology) because, like the patient's blood, blood-filled organs, such as healthy, infected, or
operated tissues, etc., due to differences in their BO radiation, reflection, and transmission BO
test light streams [7-9].

Thus, a specialized OES has been developed for hematological PMT, including photopheresis
technology as one of the most promising treatment for difficult and incurable illnesses such
as psoriasis and T-cell lymphoma skin. The results of theoretical and experimental research
regularities are also revealed. A clinical research device was created and implemented to
provide a certain intensity and wavelengths of certain parts of the spectrum of ultraviolet and
visible medical test irradiation taken from the patient’s blood samples. To get the best
stimulation effect of therapeutic irradiation flux, frequencies must be modulated, which
corresponds to the frequency processes in irradiated samples of blood or blood fractions.
Considering that there are only some accurately known ranges of frequencies, as they may be
different for various patients, conditions should be provided for resonance frequency scan-
ning. Contactless sensors are used as the correction modes for session therapeutic irradiation
and for further treatment, based on the feedback provided, which is informative about the
progress and effects of the treatment session. With the device, the volume of samples taken
from the patientsirradiated the treatment stream in the UV-A (320-400 nm) with specific power
of 0.1... 0.4 mW/cm?.

Upon the completion of the session, which had a duration of 5-10 minutes, the irradiated
sample is returned to the patient's bloodstream. Information support based on continuous
control changes, with the help of the optical characteristics of a subsidiary doctor who
conducted the photopheresis, may be an important condition to contribute to the success of
the treatment components of the information.

A similar treatment on the basis of a developed specialized OES with a dynamic radiation
capacity of 10-10> mW (Fig. 6) allows therapeutic irradiation, control, and correction [10, 11].
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Figure 6. Block diagram of the online device for the analytical research of photopheresis efficiency: 1 - power supply 2
- the Amplifier, 3 - comparator, 4 - switch 5 - UV, 6 — LED, 7 - photodetector, 8 - sample BO, 9 — measurement unit, # —
display.

OES is guided by a microprocessor, which laid irradiation modes and continuous control that
are transmitted to a separate reflector and to a computer, via a USB-port, processing and
display.

Before the start of the treatment, the doctor calibrates the OES, selects the mode of irradiation,
puts the cell with the biosample in the device, and turns on the device. He watches the changes
in the optical parameters of the biological test on the display. Upon reaching changes that
correspond to those obtained in the clinical experiments’ generalized value (Table 3), the doctor
makes decisions on the sufficiency of the session or if a repeat session is necessary. At the same
time, the doctor considers receiving understated indicators, the inexpediency for the further
treatment, and in some cases, about unacceptable treatments for photopheresis of the patient.

Based on our research, the proposed model of the device is made for substantiated test light
streams in spectral wavelengths of 642nm, 590nm, 505nm, and 465nm, which are also based
on the changes in the intensity (Fig. 7) and colour temperature (Table 3) of the light streams
through their passage in the BO.
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Figure 7. Changes in the photocurrents test light streams passed through the sample BO in a given spectral region.
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Group of patients Befor irradiation After irradiation
Tk, [K] Tk, [K]
1 5300 4900
2 5550 4900
3 5350 5000

Table 3. Generalized changes in the optical parameters of biosample color temperature of test light flux after the
irradiation and treatment process.

3. Optical-electronic system in otorhinolaryngology

3.1. Photomedical technology with light stimulation

On the basis of scientific and practical researches established, rhythmic light stimulation (light
stimuli) can influence brain activity, and the dependence of the activity of the cerebral cortex
on the stimulation frequency is associated with frequencies of biorhythms [12-13]. Thus, 3-
waves - over 13 Hz - support and activate the wakeful state, whereas a-waves - 8... 13 Hz
debilitate the wakeful state, and T and d-waves - less than 8 Hz cause a slight or profound
trance, or relaxation. Light-stimulation modes including those with light pulse repetition
frequencies in accordance with the frequencies of space-time processes in biomedical objects
(BO) can cause the bio-resonance effect in these objects. One can reach the effect of profound
relaxation using an optical programmable trigger for the brain waves in the direction of low-
frequency t and d-waves.

The obtained reactions can be explained by the changes in the activity of the somatosensory
areas of the cerebral hemispheres’ cortex under the influence of the photostimulation program.
The moment of stabilization of these changes indicates that the cerebral cortex centers that are
responsible for the relaxation are stimulated sufficiently. These changes are reflected by
influencing stem vegetative and somatic nerve centers, and by reducing the tone of skeletal
muscles and peripheral vessels. This results to the registered optical and thermal effects, and
this fact agrees with physiology of processes in a human body during the stimulation of
photoreceptors. It is proposed to use the appropriate contactless sensors for getting informa-
tion about the achievement of the required state of the patient’s organism.

Visual receptors that perceive a given light information program on the communication
channels are excited centers of the cerebral cortex responsible for the psycho-emotional state
of a person. As a result of such exposure, the most favorable conditions for treatment is when
it is administered in the patient's condition atony (relaxation). It was determined that such
influence on the patient's condition is accompanied by increased heat production, which
caused an increase in the blood flow of small vessels and capillaries. In response, the system
activates the regulation of temperature homeostasis.

These processes change the optical properties of tissue blood filled authority (BFA) [14], in
particular, the detected variation of transmittance and reflectance flux at its interaction with a
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certain connective tissue, especially tissue BFA. Change in the first parameter causes, above
all, an increase of the blood flow to the cells, and the second has an impact to the heat pro-
duction on the surface of epithelial tissue changes (cf. deformation, change shape, sweating,
etc.). Moment stabilizing changes in these parameters over time indicates the achievement of
the required excitation centers of the cerebral cortex responsible for relaxing the body.

The optoelectronic system for the treatment of ear noise by method of sedation with the use
optical bio-impact on the human psychophysical condition through visual receptors (Fig. 8)
was equipped with a special light medical information program (Fig. 9). The program provides
the appropriate frequency to change photos’ stimulus on visual receptors of patients within
30 minutes of treatment [15].

eeeeeeee L=/ ——)

4

5 1 \2 _\ s

3

Figure 8. Model of photo stimulation device: 1 - LED terminal, 2 - focusing cone, 3 - case, 4 - lightguide, 5 - control unit,
6 - dimming glasses patient.

The measurement of change in the optical and thermal parameters of blood-filled object (BFO)
in this experiment was carried out during the term of the medical program photo stimulation
of bio influence.

f.Gz

5 10 15 20 25 30

t,min

Figure 9. Special medical light information program of dependence time of the frequency photo stimulus for ear noise
treatment by sedation [13].
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In response, the system activates the regulation of the temperature of homeostasis. These
processes change the optical properties of the blood-filled authority tissue. In particular, it is
possible to fix the variation of transmittance and reflectance of the light flux in the interaction
with certain connective tissues. The change of the first parameter causes, above all, an increase
in the blood flow to the cells, while the second cause an impact on heat generation on the
surface changes of the epithelial tissue (pores deformation, change shape, sweating, etc.).
Moment stabilizing changes in these parameters achieves the required excitation centers of the
cerebral cortex responsible for relaxing the body over time.

Based on these physiological processes developed and implemented for monitoring (changes
of optical parameters of peripheral organ), the effectiveness of the procedures of the photo
treatment of people who suffer from the disease otosclerotic is identified. The assessment of
the impact on subjective indicators requires highly skilled medical staff to work during a
treatment session and the use of complex and costly diagnostic equipment.

The achievement of an atony condition that is fixed by assessing changes in the optical
parameters and temperature of the BFO can be used to signal the beginning of medical
technologies by other factors, for example, the color information program on the specified area
of organ and acupressure points. In order to obtain information of the necessary conditions of
the patient organism at the start of the next medical technology, a contactless sensory actuator
element, as an example, should be provided. Its objective is to obtain temperature and changes
in the optical characteristics of BFO, and furthermore, to use hardware to determine the
original set of changes. This task can be implemented, for example, by means of LED and
photodiode optoelectronic components receiver and thermal radiation, which allows deter-
mining its temperature settings at the time. Information on optical performance and the
temperature of the BFO is also assessed at the time when the original state of these changes is
close to zero. This means that the system signals the biological response. The advantage of the
proposed approach over the other is to carry out remedial action, capturing the individual
signals of the bioresonance response to the impact. However, information on experimental
research in this direction is not enough. Therefore, there is an urgent need for further studies
on the implementation of modern control systems for medical purposes.

The measurement of change in the optical and thermal parameters of blood-filled object in this
experiment were carried out during the term of the medical program photo stimulation
bioeffects suggested using the exercise shown in the overarching framework of Fig. 10 and
Fig. 11 [16-18].

The optical radiation from LED elements of the device (Fig. 11) after the interaction with the
soft tissue of the BFO is situated on the input window element photo diode device that is
located on the axis of the reflected and passed rays through the BFO. At the same time, the
actual radiation of the BFO focuses on the reflex element and is directed to the photo convertor.
These elements are partly measuring-controlling units whose task is to obtain optical signals
after the interaction with the CA that are carriers of the reviews on the body healing effect.
Subsequently processed opto-electronic units are converted from optical to electrical signals
and after further analysis and comparison of test signals, the medical personnel are informed
about the results on a computer monitor. The results of the described device provide a whole
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Figure 10. Generalized structure of optoelectronic photo diagnostic systems: BO - biological object, S1, S2 - light source,
D1, D2 - transducers, Ap - signal amplifier, Sw - switch, ADC - analog - digital converter, mC - microcontroller, HU -
medical device, TR - circuit connection, Sp - signaling device, PC - personal computer.
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Figure 11. Converter circuit of the opto-electronic information system of evaluating the effectiveness of treatment pro-
cedures.

body response to the therapeutic effect of photostimul devices and systems, used for future
decisions.

At the time of achieving biological resonance, the proposed fixed equipment during the
photostimul program, the system allows to apply the proposed method of OES treatment. With
the use of computer technology or online help from a physician-operator, the method for
further treatment is determined by choosing the light program information and referral optical
radiation with the settings specified in the scope.

The experimental studies applied some research, which are shown in Figs. 12, 13, 14. The
transducer (TD) is placed on the optical axis, which focuses radiation on the TD BO, two LEDs,
and photodetectors. The non-contact measurement of temperature and changes in the optical
parameters of the experiments were carried out with the BO. The TD was placed on the focal
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length of the direct and reflected heat rays. The LED emitters are placed so that the fixed
photodetector passed through the BFO and reflected from the surface of the light output.

BO
Ac ®

]
I

hv hv

Figure 12. Experimental research of the transmission coefficients: AC - light source, BO - biological object, ® - hotode-
tector, BB - unit measurement.

nc
BO |
hv
L
L] BB
hv

Figure 13. Experimental research reflecting coefficients: /C - light source, 5O - biological object, ® - hotodetector, GB -
unit measurement.

BO

Tn BB
hv

Figure 14. Experimental research showing temperature change: 5O - biological object, TII- thermo receiver, 5B- unit
measurement.

The choice of LEDs to conduct research according to Fig. 12 and Fig. 13 was carried out based
on the obtained spectral characteristics of the BO, which in this case is the phalanx of the finger
(Fig.15).

Thus, the choice of the optical fiber array to conduct research to determine the coefficient of
light transmission is made within the spectral characteristics of the BO. To determine the
coefficient of the reflection elected LED emission spectrum, which does not fall within a
specified range transmission BO.
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Figure 15. Spectral characteristics of BO.

For research to determine the dynamics of change in the transmission coefficient, the BO used
the LED red area of the spectrum (Fig. 12). For research according to Fig. 13, the white LED

spectral characteristics were used.

The results of the experimental research for one of the 20 patients are shown in Fig. 16 and

Fig. 17.
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Figure 16. The change in temperature over time photo stimulation.

However, in all cases for the patients studied, the recurrence of dynamic changes of the

measured parameters was confirmed. The difference in the time change of these settings for

each patient was within 10-15 minutes of the actual photostimul medical applications. This is
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Figure 17. Change in photocurrent for the reflected (¢2) and passed through the BO (¢1) luminous flux over time.

explained by the individual characteristics of bioresonance formed as the body responds to
the impact of a given medical photostimul program. Sharp changes in temperature and optical
(traversed and reflected light beam) parameters in the first 10-20 minutes of the medical
applications further institutionalize these changes in the future. This is due to the introduction
of the body into a state of atony 10 minutes after the start of the medical program, which was
recorded in the experiments. The results obtained are consistent with the literature described
in the physiology processes of the human body during the stimulation of photoreceptors.

The results regarding changes in the temperature of the coefficient of reflection and light
transmission scheme of the BO confirm the possibility of using this method and being a
recommended optoelectronic element for implementation.

3.2. Problem of wide using light stimulation

The main problem of wide using light stimulation and the development of a controlled
relaxation effect based on light stimulation consists of the absence of the principles of devel-
oping light stimulation tools with controlling light stimulation processes and providing their
interactive conducting.

One promising solution to this problem is to formulate the basic medical and technical
requirements and principles of development and the application in medical practice photos
medicines, the basis of which would assign new advances in the field of research in optoelec-
tronics and the design of specialized OES for specific FT. Such OES based on the thermal,
plasma-discharge, and semiconductor sources of directional incoherent radiation can be
created on the BO stimulation exposure with programmably controlled dynamics (according
to the space-frequency characteristics of the irradiated BO) and continuous non-destructive
control of a session for the analysis of change from the optical parameters of the BO.
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Special attention should be paid to light stimulation through visual analyzers. They perceive
a given light stimulation program of the communication channels of the cerebral cortex” excited
centers, which is introduced because of the state of relaxation. Particularly, providing guide-
lines of photo-pulse to the very retina causes induced electrical potentials. It is clear from these
reactions that retinal neurons convert photo-stimuli benched by force to electrical signals
benched by amplitude. This is a relatively low-frequency modulation of the resting potential
leading to relaxation.

This effect is accompanied by the increased thermogenesis caused by the increase of the blood
flow in small vessels and capillaries. As a result, the optical properties of tissues, namely the
coefficients of transmission and reflection of the light beam in the interaction with certain
connective tissues, change. This confirmed the results of medical research conducted (Figs.
18, 19) [19-21].
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Figure 18. Change in the intensity of the optical radiation device during the treatment session.
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Figure 19. The temperature variation of tissue (skin) of the patient during the treatment session.
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Taking the studies of the impact of stimulating light on the human body into account, the opto-
electronic system (IPS) is proposed based on incoherent optical emitters, which holds a
stimulating light through visual analyzers. The system consists of a generator, a generator’s
frequency control unit, a power supply, an output stage amplification, a LED matrix, a LED
matrix control unit, and a light guide. A change of modes is provided by the generator,
controlling the frequency and output power that can be set to choose medical program
exposure modes (Fig. 20).

Control unit LED
matrix

4

LEDM » F | —» BO

PSU » G > OS

CFG

Figure 20. Block diagram of the opto-electronic system for radiation.

In order to provide information density and interactive conduction of photo-stimulation, we
propose an OES, being noninvasive and harmless, for recording psychophysical state changes
in the BO based on three converters using the method of simultaneous comparison of changes
in optical properties and heat flows caused by changes in the temperature of peripheral BO’s
(Fig. 21).
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I PC I radiation I
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I Control block I
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Figure 21. Block diagram of stimulating light.

The system consists of a block of optical radiation, the control block, and the control unit. Block
optical radiation consists of the following components: a power supply (PSU), the output stage
(OS), and the radiation source (LEDM) with a light guide (F) and creates the required for the
irradiation luminous flux in the BO in the process of the treatment session. Under the influence
of this radiation, changes in the optical and thermal parameters of BO, which is fixed by the
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circle feedback control unit, is implemented. Controlled optical signals in the state of the BO
registered respective transducers and processed microcontroller PSoC. Based on the results of
the analysis, a control output stage radiation source was carried out. Additionally, obtained
results are transmitted via a serial interface to a PC for software processing and displayed on
the screen in interactive mode.

Upon experimental investigations, it was detected that the BO’s measured signals change
during 30—40 min of a treatment session. The obtained dependencies underlie the algorithm
of the BO’s state monitoring system function. The limits of the controlled intensity parameters
of the BO’s own radiation, the radiation reflected, and radiation that passed through a BO were
determined. On the basis of these three parameters, one can evaluate changes in the physio-
logical state of the total organism.

In the process of the monitoring session, the dominant parameter of the most expressed
changes of the dynamics was selected. The remaining parameters are additionally used. One
of the three software options were selected by means of determining the value of maximum
change (Fig.22).
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Figure 22. Experimental results dependencies of the intensity controlled light streams: 1 - passed through BO luminous
flux test, 2 - test the reflected light beam, 3 - own stream of optical radiation.

As seen from the experimental results at phase I, which is the beginning of the treatment
session, the dynamics of change between the absorbed and reflected radiation tissue does not.
After exposing to stimulating light for 5-7 min (phase II), there is a change in the dynamics
maximum values at Al = 0.15 r.u., therefore, the patient is in a state of relaxation. In the next
15 minutes, time stabilization occurs, achieving the desired excitement centers of the brain that
shows an effect of relaxation. In the last 2 min of the treatment session, the dynamics observed
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at AI = 0.1 r.u. This shows the state of the vigil centers of the brain, therefore, the patient is in
a state of relaxation. As seen from the graph, the intensity of the absorbed and reflected
radiation at the third stage, after a 30 min session is almost identical and very low at = 0,2 r.u.
and is in a condition for the termination of the treatment session.

In order to implement the interactive operation mode, the following algorithm for analysis of
the parameters of the controlled optical was proposed (Fig. 23).

User Interface <

Y

Parameters of the
light source

Y

Formation of optical

signal I,
A 4
Verification
— "
Database > In (n=1...4)
No Yes Report critical
l Going beyond I, situation —r
Writing I, to register
> Verlﬁczlltl;)n value P Diagnostic massage [—
1= In

Figure 23. The algorithm interactive mode of a light stimulated session.

Process management is carried out using a PC through an informative user interface. Before
starting the work in an automatic or manual mode, one has to set the parameters of the LED
matrix: duration of light signals, amplitude, and limits of the spectrum of test signals. After
starting the process, each of the input parametersI1 - I4 is controlled continuously. At the same
time, each parameter is checked for compliance with the value ranges defined in the database.
In the case when the controlled parameter In exceeds the allowable limits, a message about
the achievement of the relaxation effect is formed, and the light stimulation session is auto-
matically terminated. Checking the values of all the parameters In remained continuous
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throughout the session. After the session, on the basis of the results, a diagnostic message is
formed according to a combination of optical parameters In set in the database of the system.

The view of the test sample of the controlled light stimulation device is shown in Fig. 24.
Channel 1 provides programmable light pulses to a visual analyzer via a light guide cable to
dimming glasses. Channel 2 provides a programmable photo-stimulation through other
receptor areas [22, 23].

2 3~

Figure 24. on / off RGB 1st — channel, 2 — mode switching manual / automatic 1-st channel, 3 — glasses for a patient, 4 —
mode switching manual / automatic 2-channel, 5 — choice programs in incorporating LEDs 2nd channel, 6 -RESET re-
set switch program of the 2nd channel, 7 — STOP program stop switch of the 2nd channel, 8 — switching frequency
control of the 2nd channel in manual mode, 9 — frequency control of the 1st channel, 10 — fiber optics cables, 11 fiber-tip
- instrument.

In the developed OES, a hardware and software system was implemented that allows
contactless obtaining of effective results of the current changes in the the psychophysical state
of the organism during the session of the light-stimulation radiation program.

The software and hardware of the developed OES with the current values of change in
indicators reflect the results of the analysis and provide a notification of the preschedule
termination of the current session or unnecessary further sessions.

3.3. Application of the principle of comparing the importance of signals for the multi-
parameter diagnostic technology

The doctor who conducts the medical session observes the changes in the optical parameters
of the BFO on display. The display shown on a computer monitor are the results of the analysis
of at least three optical parameters of the BFO. Having to work interactively, the doctor decides
on the adequacy of medical procedures and the need for its repetition or appropriate further
treatment of the chosen scheme. Subject to the attainment of atony, the doctor may use the
second channel with a dynamic radiation exposure for the chosen color therapeutic program
as the treatment for other diseases.
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The results given were of the clinical research in the Lviv National Medical Institute. Daniel
Galician indicates the functional ability of the proposed device and the prospects of its
application in otorhinolaryngology.

Recently, in the treatment of skin diseases, there is an urgent need for express diagnosis. This
necessitates the development of new methods and creating comfortable, lightweight, compact,
simple, and inexpensive electronic means. This means that for the detection and identification
of skin diseases by survey, the skin surface of the patient were developed on the principles of
contactless electromagnetic radiation of the OES. The method is based on a comparison of the
spectra in the reflected light skin problematic plot flows with test spectra accumulated in the
database for the external manifestations of common dermatological diseases. This enables the
physician, during the examination of the patient, to make a quick diagnosis of skin diseases
such as eczema, seborrhea, surface manifestations of psoriasis, and others.

At the end or during the technology session, based on the results of the tested information,
messages on a technology action result to an accurate medical decision.

What is important here is that the information content of the results of the medical procedures
ensures the timely adoption of the medical decision. It could be more efficient to reduce the
technology process in general, making possible cases which result to the redundancy of
selective exposure to unwanted side effects.

If we consider the traditional methods of the testing processes, optical signals, and decision-
making, it should be noted that until recently, licenses for the most widely-called tabular
algorithm is based on the calculation with using tables. Due to the lack of sensitivity to the
situation, some values (sometimes the most informative) is not taken into consideration for
whatever reason. These drawbacks can be eliminated when using flexible algorithms based
on a probabilistic approach. A Bayesian method or the method of sequential statistical analysis
method (Wald method) is used [24].

The decision to this problem must be based on a probabilistic approach using a sequential
statistical analysis of the results of the continuous automatic testing of the patient and peer
reviews for developing the variants of solution by the doctor. The use of logic functions that
form the basis of artificial intelligence elements has a huge importance.

At the first approach, logic functions can be viewed as a process of manipulating information
and could present certain information signals, such as X1,..., XK. In this approach, the input
signals are primary and logical reasoning is secondary. According to Bayes' formula, the
measure of the reliability of conclusions about the effectiveness of either efficiency or ineffi-
ciency of medical procedures is the probability P (Yj/ Xi) in a recurrent form:

P(X /)

P(Y, /Xy X )= P(Y, ) X, X, ) ) 1)
K

If the analysis of one of the two available options, and provided that P (Y1) = P (Y2), the
following are valid for statistically independent features:
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P(Y, /X, X)) £ P(X, 1Y)
~1l—=% 2
P(Y,/X,,.. X;) HP(Xi/YZ) @)
Or after the logarithm in a recurrent form:
u =1, +Inz, )

The decision rules in this case as follows:

u,20—->XeY, 4
u, <0->XeY,. @
Together with equation (3) and isolating rule (4), the formula is interpreted as follows: if, after

the consideration of another parameter the signal of sign magnitude Uy has not changed, there
are grounds for the termination of the analysis.

On the basis of the implementation of a flexible algorithm (Fig. 25).

For each time interval, the test values and the dynamics of change exceeded the critical
standards of the emerging reports critical condition - Yy on the input signal X;. In addition, for
each time interval, the entire procedure is checked. In the case of exceeding the present time
and the absence of the dynamics parameters of the dominant signals, the message YNE forms
the effectiveness of the treatment procedure in the case of emergencies, which formed a
disturbing message about the need for an immediate cessation in the treatments. The resulting
data set is stored in a database that is used in the design of similar devices.

According to the proposed analysis algorithm for the test signal, the designed structural
diagram of a medical tested device is based on the microcontroller PSoC CY8C24x94 family
with built-in full-speed USB [25-27].

The basis of the microcontroller is a powerful microprocessor M8C with Harvard architecture,
which controls the operation of the digital and analog blocks and surrounding devices. The
digital part consists of four 8-bit internal blocks PSoC and interface modules of the user, which
are used for connecting external devices: keyboard, display, power audio signal, and PC. The
analog part consists of six indoor units, which allows the use of the following features: analog-
to-digital and digital-to-analog conversion, amplification, programmable gain, pulse width
modulation, detection, comparison, multiplexing, and correlation. The processing of input
information carried out under the control of the embedded software, which is used to store
energy-volatile memory (EEPROM and Flash). To store intermediate results during process-
ing, an internal random access memory (RAM) is used.

According to the proposed analysis algorithm for the test signal, a structural diagram of a
medical tested device based on the microcontroller PSoC CY8C24x94 family with built-in full-
speed USB (Fig.26) was designed.
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Figure 25. The flexible processing of the algorithm.

For the practical implementation of the device, which uses a PSoC Designer software by which
the internal configuration of the microcontroller PSoC CY8C24x94 is debugged according to
the functional diagram. Input signals X1-X3 after amplifiers AMR1-AMR3 filtered SF1-SF3 and
through the multiplexer MUX to the ADC. Information obtained during the conversion process
code that corresponds to the value of one parameter in a fixed point in time is stored in the
RAM, the main memory uses for analysis, according to the developed algorithm. For the
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Figure 26. Functional diagram of implementation in the medical device.
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formation of the timeframe during which the registration of input signals is carried, a Real-
Time Clock is used. The managing works of the device is performed by using the keyboard
via the corresponding interface module CapSense. The modes shown on the displayed
operation is determined by the internal driver of the LCD module. In the event of a critical
situation, additionally formed sound signals, its frequency and duration is given by module
PWM. For a detailed analysis and the formation of the database of input parameters and
corresponding test states, the results are transferred via USB to a PC.

It is proposed to improve the interactive physician format of the flexible new algorithm based
on the probabilistic approach using sequential statistical analysis of the results of the contin-
uous automatic testing of the patient for medical technologies efficacy of the procedure with
the adoption of the basis of user solution.

The proposed method uses the elements of artificial intelligence and algorithm analysis with
sufficient accuracy.

The results allow the creation of a new class of devices for medical technologies with contin-
uous automatic evaluation of the effectiveness of a technological action results for an accurate
medical decision-making and the creation of reports on previous technological strategies.

4. Research on an optoelectronic system for dermatology

Modern medical diagnosis requires the solution of problems related to the study and com-
parison of healthy (normal) biological tissues with corresponding areas of certain systemic
diseases (e.g., the diagnosis and stage presence of diseases such as psoriasis, eczema, seborrhea,
dermatitis, etc.). One of the achievements of recent years can be called transillumination
method that is widely used, particularly in dermatology for the noninvasive diagnosis and
identification of disease [19].

The necessary noninvasive diagnosis can be done by measuring and comparing the spectro-
photometric parameters of normal and pathological areas. For a simplified version, transillu-
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mination, in the express diagnosis of skin pathologies, makes it feasible to create an
inexpensive device that has an optical irradiator visible as colored fields and many diode
matrix for light fluxes of different wavelengths on the surface of skin pathologies.

In the creation of a model of such a device, the LED, which studied the spectral characteristics
of multi-colored LEDs that have been selected for optoelectronic matrix, is selected. The
scheme of the experiment is shown on Fig. 27.

I L ;

Figure 27. Block diagram investigation of the spectral characteristics of LED: 1 - LED power supply, 2 - LED, 3 — mono-
chromator, 4 — photodetector, 5 - power meter radiation.

The research results presented in Table 4 are based on the spectral characteristics of present
values of intensity (Figs. 28, 29) selected for the model of LEDs.

red orange yellow green azure blue violet

Anm Lau Anm Lau Anm Lau Anmnm Lau A ntm Lau A nm [ au A nm I, a.u.
610 0 633 0 568 0 508 0 400 0 416 0 420 0
633 0.57 639 1 586 0.35 530 0.26 420 1 429 0.8 426 0.16
639 0.69 666 0.77 590 1 541 1 442 0.5 435 1 435 0.25
666 1 680 0.35 599 0.31 565 0.52 469 0 442 0.6 443 0.12
680 0.35 710 0 610 0 592 0 444 0 452 0
709 0

Table 4. The dependence of the radiation intensity of LED I on the wavelength A.

Lau
1.0 =

0.8

0.8

0.2 -

0.0

] ] i | ’ L
00 530 4D TR0 Sad B0 EQ0 G40 B0 BEO TOO Q) pm

Figure 28. Spectral characteristics of longwave LEDs chosen for the developed model.
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Figure 29. Spectral characteristics of shortwave LEDs chosen for the developed model.

From the graphs (Figs. 28, 29), the full range of radiation selected of LEDs completely covers
the need for a radiation area. Thus, the radiation that is created by the LED strip covers the
following wavelengths: blue - 508 to 592 nm, yellow - 568 to 610 nm, red - 610 to 709 nm, orange
- 633 to 709 nm, azure - 429 to 450 nm, blue - 416 to 444 nm, and purple - 420 to 443 nm. The
maximum radiation intensity of LED corresponds to these wavelengths: green - A = 541 nm,
yellow - A =590 nm, red - A = 666 nm, orange - A = 639 nm, blue - A =430 nm, blue - A =435 nm,
and violet - A =426 nm.

Based on the selected LEDs set, the LED matrix optoelectronic element mock (Fig. 30).

A

Figure 30. Scheme of researches: 1 — photodetector, 2 - color test sample, 3 - LED 4, - dimming building, 5 - radiation
power meter, 6 - power supply.

The LED and the photodetector are located on the reflecting surface (sample) at angles close
to 45° so that the radiation coming from the LED is reflected and reaches the photodetector.
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The LED and photodetector were in the dimming housing for protection against visible light
when they were measured.

The obtained results are reduced to a common matrix (Table 5).

Color sample red orange yellow green azure blue violet
LED

red 8.26 8.25 8.26 4.92 7.47 4.05 6.58
orange 5.6 7.04 7.64 3.76 5.22 2.63 4.38
yellow 1.47 5.12 5.48 1.47 2.74 1.44 1.47
green 3.75 4.72 8.23 6.13 8.24 4.03 4.12
azure 6.48 5.14 7.59 7.08 3.36 8.25 7.84
blue 5.44 6.17 7.85 3.87 8.17 3.78 3.84
violet 6.22 5.63 6.21 3.02 4.78 2.29 3.64

Table 5. Matrix intensity of the reflection surface of the skin for different parts of the visible spectrum.

Based on the data obtained, the field developed a policolor probe as part of the dermatological
OES, allowing the identification of the individual colors of the reflected radiation intensity for
the matrices in seven major areas of the visible spectrum. It is aimed at the examined surface
radiation source that constitutes LEDs that turn on their radiation spectra to cover the entire
visible wavelength range, located at an angle to the optical axis and coaxially around the sensor
mounted on. With the possibility to be away from the examined surface, the reflected light
beams from each of the LEDs are enable alternate or simultaneous switching.

Figure 31. Opticoelectronic probe: 1 — LED matrixs, 2 — photodetector, 3 - Protective optically transparent element, 4 —
biomedical object, 5 — hull.

The optoelectronic probe system consists of LED matrix 1 consisting of LED type MUVIC,
photodetector 2, which serves as a photodiode PD-24, and an optically transparent protective
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element 3, which is a translucent polystyrene plate (Fig. 31). The falling light output of the LED
matrix 1 after passing through the optically transparent protective element 3 creates a reflection
from the surface of the investigated object. The biomedical luminous flux again passes through
an optically transparent protective element 3 and reaches the photodetector 2. The signal from
the sensor enters the amplifier and then measures the photocurrent contained in the measur-
ing-controlling unit.

On the basis of experimental and computational studies created a working model (Fig. 32).

2
. (o) § [~

/ | > /7
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Figure 32. The structure of the model: 1 - power supply, 2 - value of photocurrent, 3 - hull, 4 — indicator, 5 - measure-
ment and a control unit, 6 - LED matrix, 7 - protective cover, 8 — photodetector, 9 - optoelectronic unit, 10 - cable.

The dimensional control block is designed for the control of optoelectronic measuring unit and
its signal. By pressing the "Start", the LEDs are alternately turned on in the LED matrix
composed of red, orange, yellow, green, blue, violet, and blue LEDs. The indicators reflect a
powerful monitor LED. The luminous flux of the LED matrix reflected by the research object
reaches the photodetector. The signal from the photodetector reaches the amplifier and gets
the value of the photocurrent.

In medical practice, for the detection and identification of disease by the spectral characteristics
of skin manifestations and with appropriate spectral characteristics, it is convenient to use the
tabulated values of the intensity of the reflected light from surfaces of such flows. For each of
these tables, there are LED test matrices to identify the disease in the course of its treatment

(Table 6).
LED red orange yellow  green  azure blue  violet
Healthy skin 8.14 5.5 3.07 5.7 8 5.86 4.55
Psoriasis 7.82 572 2.66 517 7.26 524 4.53
Seborrhea EP TR 200 523 678 467 378
Chronic dermatitis 8.16 4.96 2.3 4.98 6.98 5.32 4.58

Table 6. The test matrix of skin surface.
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The resulting matrix development can be used in clinical trials to further establish the basis of
the reflective optical imaging device.

On the basis of what has been detected during the mathematical and physical modeling
regularities in the interaction of light streams with pathological skin areas, optimized selection
and relative positions photodetectors, and irradiative components of the proposed device to
hospitals on the basis of a specialized OES (optical-electronic probe), a display and access to a
personal computer is included in each visit (Fig. 33) [28].

Figure 33. OEC components and probe express diagnostics of skin diseases (from left to right - probe measurement
unit, PC). 1 - LED matrix, 2 — photodetector, 3 - protective optically transparent element, 4 — BO, 5 — enclosure.

The methodology for light diagnostic research by means of the developed device is an external
surface diagnosing skin with a suspected pathology of supply optoelectronic probe to the
problem area. A new application of the specialized OES allows the doctor to make long-term
monitoring of the changes in cell behavior, unaccompanied by heated skin, and the different
effects on biochemical, histological, and functional levels and replenishment on this bases of
biological tissues in diseases including digital pictures of the cutaneous manifestations of
disease. Clinical studies have shown that the application of the proposed specialized OES
significantly reduced the process of diagnosing the level with a rapid process and expanded
the diagnostic capabilities for the identification of detected pathologies.
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