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MODERNIZATION OF GAS DISCHARGE 
VISUALIZATION FOR APPLICATION 
IN MEDICAL DIAGNOSTICS

The object of research is the processes of the emergence and glow of a discharge around biological structures 
in a pulsed electric field. Such processes have found use in the method of gas discharge visualization. In medical 
diagnostics, the general state of human health is assessed by the characteristics of gas-discharge images of fingers. 
One of the most problematic areas of the correctness of medical diagnostics is the dependence of the visual compo-
nents of the image on the electrical characteristics of the discharge and the physical and chemical characteristics 
of the surrounding environment.

In the course of the study, methods of modeling the electric discharge current circuit and electrical properties 
of biostructures were used.

The proposed solution allows taking into account: the amplitude of the impulse voltage of the discharge, the 
frequency of the impulses, the duration and intensity of the impulses, the polarity, which act as additional diag
nostic parameters of the gas-discharge visualization process. Physical processes are considered, and a model of  
a chain of gas discharge around a biological object in a pulsed electric field is proposed. It is shown that the oc-
currence of a discharge and the characteristics of the glow depend on the amplitude, duration, frequency, and 
polarity of the pulse voltage. These additional parameters determine the correctness of further visual diagnostics. 
Their quantitative measurement and the possibility of objective comparison should be attributed to the advantages 
of registering the proposed parameters of gas discharge visualization. The specified properties of these parameters 
provide an additional opportunity to digitally describe the condition of the object under study, and subsequently 
to automate diagnostics. The structural diagrams of the device for conducting research using the method of gas 
discharge visualization, the high-voltage impulse voltage generator unit for the hardware consideration of addi-
tional gas discharge parameters and their connection with medical and biological indicators have been developed.

The use of the method and means of gas discharge visualization to assess the functional state of the flight crew 
in the pre- and post-flight period requires the development of special equipment. The proposed technical solutions 
require experimental verification. Comparative studies of diagnostic conclusions by the method of gas-discharge 
visualization with traditional medical diagnostics are necessary.

Keywords: biological object, gas discharge, visualization, electric discharge circuit model, structural diagram, 
gas-discharge sensor.
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1.  Introduction

Aviation and space medicine studies the conditions of 
professional activity of aircraft crew members and specialists 
providing flights in order to develop medical recommen-
dations aimed at maintaining health and improving their  
performance, as well as ensuring flight safety. One of the 
main scientific and practical tasks of aviation and space 
medicine is the medical control of the crew of aircraft 
before flight, flight and after flight. Traditional control 
requires examination by doctors of all specialties and a lot  
of laboratory tests. An alternative to such time-consuming 

and routine studies can be integrated methods for diag-
nosing the state of the human body. Such methods pro-
vide a  comprehensive assessment of the functional state of 
a person. This makes it possible to speed up the process of 
conducting a medical examination of the flight crew and 
to localize the area of deviation in the values of medical 
and biological indicators, which can be diagnosed by more 
accurate specialized research methods.

One of the promising methods for a comprehensive 
assessment of the functional state of the flight crew is the 
method of gas discharge visualization (GDV) [1]. Diagnos-
tics is carried out according to the characteristics of the  
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glow that occurs when the fingers or limbs of the test 
person are placed in a pulsed electric field (Kirlian ef-
fect) [2]. But the possibility of using the method and means 
of GDV in practical aviation medicine requires additional 
research and modernization of the hardware component.

2. � The object of research and its 
technological audit

The physical basis of medical diagnostics by the method 
of gas-discharge visualization is radiation in the optical 
visible range. The characteristics of this radiation, in most 
cases, in the fingers are converted flat images used as 
diagnostic indicators  [3].

One of the most problematic areas of the correctness of 
medical GDV diagnostics is the dependence of the visual 
components of the image on the electrical characteristics 
of the discharge and the physical and chemical charac-
teristics of the environment. In accordance with this, the 
object of study was also determined.

The object of research is the processes of the emergence 
and glow of the discharge around biological structures in 
a pulsed electric field.

The use of a pulsed electric field of sufficient intensity 
for the occurrence of a discharge makes it possible to 
build hardware that is convenient for general diagnostics 
of the patient’s condition.

The following advantages of using the GDV method 
in medical practice are distinguished:

–	 the possibility of screening and monitoring the whole 
organism and its individual systems;
–	 non-invasiveness, safety and complete sterility, re-
moval of information only from the patient’s limbs;
–	 the ability to follow the development of processes 
in time, the comparison of structural, functional and 
temporal processes in the body;
–	 methodological simplicity and convenience: the ab-
sence of any special requirements for the premises, 
environmental conditions  [3].
The disadvantages of the method include the variability 

of images depending on the conditions of the discharge.  
Therefore, this work is devoted to the selection and justi-
fication of additional quantitative parameters of the gas- 
discharge visualization process, the development of the 
hardware structure of the gas-discharge diagnostics de-
vice, and in particular the block of a controlled source 
of high-voltage pulsed voltage.

3.  The aim and objectives of research

The aim of research is to increase the reliability and 
information content of gas discharge visualization medical  
diagnostic tools by recording the conditions for the ap-
pearance of an image.

To achieve the aim, the following objectives were set:
1.	 Analyze the features of the occurrence of electrical 

discharges used in the method of gas-discharge visualization.
2.	 Build a model of electrical circuits of gas-discharge 

processes.
3.	 Determine additional quantitative parameters of the 

gas-discharge visualization process associated with the pro
perties of a biological object.

4.	 Develop the structure of the device for conducting 
GDV studies with the registration of additional parameters.

4. � Research of existing solutions  
to the problem

4.1.  Fundamentals of the gas discharge visualization 
method. The method of gas discharge visualization (GDV) 
refers to bioelectrographic methods for studying the psy-
chophysiological and functional state of a person  [1]. The 
method is based on the Kirlian effect.

The Kirlian effect is visual observation or registration on 
photographic material of the radiation of a gas discharge that 
occurs near the surface of the object under study (aura) when 
the latter is located in a high-strength electric field  [1, 4].  
This effect was discovered by the Kirlian in the 1950s. 
Their studies have shown that the type of kirlianograms (the 
image of the radiation of a gas discharge near the surface 
of the studied biological object, in particular the fingers of 
a person) changes with a change in the state of a person.

With all the abundance of specific technical solutions, 
the essence of the visualization process can be reduced 
to a certain theoretical scheme. The initial process is the 
interaction of the electromagnetic field (EMF) with the 
object of study, as a result of which, at certain electric 
field strength, there is an emission of charged particles from 
the surface of the object involved in the initiation of the 
initial phases of the gas discharge. The gas discharge, in 
turn, can affect the state of the object, causing secondary 
emission, destructive and thermal processes. Thus, in the 
process of gas-discharge visualization, a certain sequence 
of information transformations is formed:

–	 the state of a biological object (BO), characterized 
by physiological processes and medical and biological 
indicators, among which the determining role in terms 
of the GDV process is played by physicochemical and 
emission processes;
–	 gas separation processes depending on changes in 
the impedance of the object as a whole, the impedance  
of its surface areas, their structural and emission pro
perties  [2, 4].
Changes in the latter parameters are actively manifested 

on the skin due to reflexogenic zones and biologically active 
points. The inhomogeneity of the surface and volume, the 
processes of emission of charged particles or the release of 
gases affect the parameters of the electromagnetic field, due 
to which the parameters of the gas discharge change. These 
parameters are the characteristics of the discharge current 
and optical radiation. In this case, the main information is 
obtained from the characteristics of the radiation, which is 
a spatially distributed group of areas of different brightness. 
The radiation receiver converts the spatial distribution of 
brightness into an image, and analysis of the amplitude 
characteristics of the video signal leads to the formation 
of a set of parameters. A symptom complex is built from 
the parameters, on the basis of which the doctor forms  
a medical diagnosis.

In the GDV process, due to the action of an alternat-
ing electric field and the occurrence of a gas discharge, 
information on the characteristics of a gas discharge image  
is converted into information on the characteristics of 
the object under study.

In this case, the biological object is a part of the electric 
circuit, a current flows through it (it is extremely small 
so as not to cause its own reaction of the BO).

The resulting image (aura, it is also often called a GDV-
gram, by analogy with a cardiogram, an encephalogram, etc.)  
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carries generalized (integral) information about the state 
of the BO. In medical diagnostics, as a rule, GDV-grams 
of the fingers are taken as the object of research.

The GDV method has always attracted the most atten-
tion due to its diagnostic capabilities. Therefore, until now, 
the main direction of the implementation of the method 
has been the issues of preventive diagnostics  [5, 6].

The following advantages of using the GDV method 
in medical practice can be singled out  [7]:

–	 the possibility of screening and monitoring the en-
tropy-energy homeostasis of the whole organism and 
its individual systems;
–	 objectivity of information: independence from the 
desire and experience of a particular user;
–	 non-invasiveness, safety and complete sterility, re-
moval of information only from the patient’s limbs;
–	 the ability to follow the development of processes 
in time, the comparison of structural, functional and 
temporal processes in the body;
–	 methodological simplicity and convenience: the ab-
sence of any special requirements for the premises, 
environmental conditions;
–	 the use of modern methods of nonlinear mathematics 
for processing fractal images and selecting information 
about the patient’s condition;
–	 visibility and the possibility of interpreting the re-
sults, the convenience of their storage and processing.

4.2.  Hardware component of GDV for medical diagnostics. 
The hardware implementation of the GDV is as follows: 
between the transparent electrode and the object under 
study placed on it, electrical impulses are applied from  
a high-voltage generator  [1, 7]. At a high intensity of the 
electromagnetic field in a gaseous medium, a gas discharge 
develops around the object and the transparent electrode, 
the parameters of which are determined by the properties 
of the object.

An image of a gas discharge is formed using a matrix 
based on charge-coupled devices (video camera or camera) 
and is digitally transferred to a computer with appropriate 
software for further processing  [3].

The processed GDV-gram (discharge snapshot) makes 
it possible to analyze a number of parameters that reflect 
the state of the object and draw certain diagnostic conclu-
sions based on them. The most important parameters are 
the intensity, perimeter, and area of the glow image in each 
sector [2]. An example of GDV-grams of a finger of a healthy 
person and a finger of a person with chronic inflammation 
are shown in Fig.  1.

Fig. 1 clearly shows the possible differences between the 
images of the discharges of healthy and unhealthy people.

  
a b

Fig. 1. GDV-grams of thumbs:  
a – healthy person; b – a person with chronic inflammation

The principles developed on the basis of the studied 
physical processes were implemented in software and hard-
ware GDV complexes  [3, 5]. A high-performance RISC 
microcontroller allows controlling the device and selecting 
operating parameters from an auxiliary computer, synchro-
nizing the operation of all units, and also configuring the 
device parameters for self-control. The microcontroller 
controls the main power supply and switching regulator, 
the voltage from which is supplied to the high-voltage 
pulse generation unit. A programmable video signal re-
cording delay with respect to the applied voltage pulse 
allows tracking the dynamics of the response of a biologi-
cal object to an excitation pulse.

In  [7], the following parameters are given for the stan-
dard implementation of the device:

–	 amplitude of bipolar impulses from 3 to 20 kV with 
continuous or step adjustment;
–	 pulse duration 10 microseconds;
–	 pulse frequency up to 1000  Hz;
–	 setting the exposure time in the range from 0.1 to 32 s;
–	 implementation of two-way communication with 
a computer via a USB port, which allows both transfer-
ring information (commands) to the device and diag
nosing the operating modes of the device;
–	 quartz stabilization of all parameters with an ac-
curacy of no worse than 1  %;
–	 operates both from a 12  V direct current source 
and from a 110–220  V alternating current network 
based on pulse stabilization circuits.
The list of these parameters and their quantitative va

lues are consistent with the data of patents on the GDV 
device  [8, 9].

GDV equipment, which has become widespread in medical 
practice, includes a line of GDV devices  [2, 3], their main 
technical characteristics are given in Table 1. Auxiliary tools 
for the study of environmental objects are also produced, 
which are included in the set of «GDV minilaboratories». 
The device «GDV Express» is designed for simultaneous 
removal of GDV-grams of ten fingers of a person.

It follows from the available information that the fre-
quency of the pulsed voltage is chosen unchanged and 
is 1  kHz with a duration of 10  μs. How the required 
pulse amplitude is set for the occurrence of gas-discharge 
visualization is not specified. In  [9], a reference object is 
used to check the operating state of the device. When 
the image characteristics deviate, the parameters of the 
impulse voltage change within 10  %, but they are not 
recorded as additional information indicators.

Other changes in the GDV tools are reflected in  [10], 
where single-channel technical solutions were developed, 
extended to a multi-channel device (for example, GDV 
Express). In  [11], GDV device is used as a component of 
the resonant wave diagnostics system. These imaging modes 
use pulse voltages of 3.5–25  kV, frequency 4–120  kHz 
and duration 0.5–0.6  s. The conditions for using specific 
values of these parameters are not explained.

The paper  [12] proposes the structure of a device for 
expanding the diagnostic properties of GDV diagnostics. 
The discharge supply unit generates rectangular bipolar 
pulses with voltage up to 15  kV. The pulse frequency is 
adjustable from 1–200 kHz, and the intensity is adjustable 
from 5–95  %. How the discharge parameters are chosen 
and whether they are classified as informational is not 
indicated in the work.
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Directions for the use of hardware and software systems 
of the «GDV Camera» type for applied tasks of medi-
cal diagnostics, including the assessment of the psycho-
emotional state of a person, are presented in  [13]. The 
effectiveness of using entropy indicators of GDV image 
analysis for biometric identification of a wide range of 
diseases is presented in  [14], but without detailing the 
technical means used.

Scientific publications of the last decade, related to the 
methods and means of gas discharge imaging, have been 
focused on the possibility of their application in medical 
diagnostics. The authors of  [15] studied the influence of 
the energy state of a person on the structure of water 
samples using the GDV method. The work  [16] proved  
a high correlation of diagnostic parameters of GDV with 
the indicators of ECG, EEG and acupuncture diagnostics. 
The studies were performed using the GDV Chamber device.

Review publications [5, 6] provide examples of the use 
of GDV diagnostics in both classical and non-traditional 
types of medicine: homeotherapy, yoga therapy, music 
therapy, and others.

Thus, the results of the analysis allow concluding that 
the method of gas-discharge visualization essentially al-
lows reducing the time for diagnosing the functional state 
and the presence of possible pathologies in humans, other 
biological objects or their parts.

However, it should be noted that:
–	 the hardware for implementing the GDV method 
has a branched nomenclature with disparate technical 
characteristics, which makes it difficult to correctly 
compare the diagnostic results;
–	 the diagnostic result is based solely on the inter-
pretation of the brightness of the flat projection of 
the gas discharge glow around the object;
–	 visualization of images depends on the conditions 
for the occurrence of the discharge;
–	 an insufficient number of comparisons of the results 
of ORV diagnostics with the results obtained using 
methods recognized in medical practice.
Thus, it is necessary to analyze the features of the 

occurrence of electrical discharges used in the method 
of gas-discharge visualization.

5.  Methods of research

In the case of GDV imaging, avalanche and sliding 
discharges are used, which are varieties of spark  [4, 17]. 
They are formed when one electrode, for example, a rod, 
rests its end on a dielectric plate, and the other electrode 
is a metal lining on its other side. The branched discharge 
channels in the gas, pressing against the dielectric, scatter 
from the rod and flow around the plate until they are 
deposited on the other side. A branched trace remains on 
the plate, caused by deformations of the material under the 
action of temperature and pressure in the spark channels, 
should be visualized; these paintings are called Lichten-
berg figures. The nature of the pattern depends on the 
polarity of the rod, and the dimensions on the value of 
the electrical voltage used to study lightning discharges.

A sliding discharge occurs when the voltage on the 
surface of a thin-layer dielectric increases rapidly, when its 
other side is covered with a conductive layer. With a large 
steepness of the rise in the electric potential, high electric 
field strength is maintained due to the small thickness 
of the dielectric  [1]. Structural elements of the device 
for providing this type of discharge are shown in Fig.  2.

If the amplitude of the voltage pulses or the gas pres-
sure is gradually increased, then at a certain value from 
the discharge figure described above, an intense streamer 
develops: the next (streamer) stage of the discharge begins, 
which then passes into a spark. Strong currents of the 
order of 103–104 A flow through the formed spark channel 
due to a voltage drop across the external resistance or 
as a result of the rapid discharge of the capacitor. This 
causes intense release of «Joule heat».

As can be seen from the data, the values of currents 
and intensities in the channels of the streamer and leader 
stages of the discharge are 5–6 orders of magnitude higher 
than the intensities and currents in biological objects. 
Therefore, with GDV of biological objects, one should 
mainly use the initial (avalanche and the beginning of 
the streamer) stages, since only they contain information 
about the emission processes on the surface of the biologi-
cal object, which have a significant effect on the type of 
discharge in these stages. The integral value of the current 

Table 1
Comparative characteristics of GDV devices

Functions and characteristics

GDV Mini GDV Compact GDV Camera GDV Express

 

 

 

 

Human diagnostics 1 finger 1 finger 1 finger 10 fingers at the same time

Substance research No
Water only  

(using accessory)
Some substances  

(using GDV Mini Lab)
There is not

Number of voltage modes 1 1 4 1

Voltage amplitude, kV Information is absent Up to 5 Up to 5 Information is absent

Single pulse duration, µs Information is absent Information is absent 10 Information is absent

Pulse train frequency, Hz Information is absent 1024 900–1100 Information is absent

Duration of automatic exposure, s Information is absent Information is absent 0.5/1.0/2.0/32 Information is absent

Input signal to automatic processing 
device

Information is absent Information is absent
Digital video signal in CYX 

4:2:1 standard
Information is absent
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for the GDV in a pulse does not exceed 50  mA  [18, 19], 
and the current through the object under study is 1.5 mA.

 

Voltage 
generator 

1 

2 3 

4 

5 

6 

7 

Fig. 2. The structure of the elements to ensure the GDV process:  
1 – object of biological origin; 2 – avalanche breakdown; 3 – sliding 

discharge; 4 – transparent conductive film; 5 – glow in the optical range  
of radiation; 6 – photosensitive element; 7 – transparent dielectric plate

Thus, when a biological object (BO) is introduced into 
a high-frequency (f > 1  kHz) electric field with a high in-
tensity (up to 20–25  kV/cm), a characteristic glow similar 
to a corona discharge is observed around the object  [1,  2]. 
The color of this glow is directly related to the chemical 
composition of the gas in which the object is located, and 
other characteristics (first of all, the spatial form of the glow 
and the discharge current) depend on the nature and state 
of the BO itself. This glow is often called the «aura» of  
a biological object, and in science this phenomenon has been 
given the name «Kirlian effect» – in honor of S.  Kirlian, 
one of the first researchers of this effect  [1].

6.  Research results

6.1.  Model of electrical circuits of gas-discharge pro-
cesses and selection of additional visualization parameters. 
With a gas discharge in atmospheric air, the biological 
object under study becomes a link included in the electric 
current circuit. In view of the fact that at frequencies 
of electrical processes up to 1–10  MHz, the electrical 
properties of biological tissues are determined mainly by 
resistive and capacitive properties, RC elements can be 
included in the model of this link  [19].

Other structural elements of the GDV process support 
are also modeled by the scheme of connected RC circuits. 
Changes in the complex resistance of the BO due to physi-
cal and physiological processes lead to a redistribution of 
currents in the circuits and a change in the parameters 
of the gas discharge. To analyze the discharge processes, 
an equivalent circuit is proposed, shown in Fig.  3.

On the diagram of Fig. 3, let’s select two RC circuits I  
and II connected in series. The properties of the first circuit 
depend on the properties of the dielectric plate (most often 
glass). For example, if other parameters are constant, the 
length of the discharge track and the voltage of transi-
tion to the streamer stage are inversely proportional to 
the square root of the specific surface capacitance  [20]:

,U
C

str =
1

	 (1)

where С = kε/δ; k – coefficient taking into account physical 
steels and design features; ε is the relative permittivity of 
the transparent plate; δ – plate thickness.

Rlim

Rplasma Rdiel

Rbo

Rb

Cdiel

Cbo

Cb

Rin

~U(t)

ІІ

І

Fig. 3. Equivalent circuit for modeling electrical gas-discharge circuits: 
Rin – internal resistance of the voltage source U (t); Rplasma – the resistance 

to active losses in the discharge plasma; Rdiel, Cdiel – resistive-capacitive 
parameters of the dielectric plate; Rlim – resistor limiting the value of the 
discharge current; Rb – the active component of the resistance of the bias 
current circuit; Cb – the capacitive component of the bias current circuit; 
Rbo, Cbo – resistive-capacitive characteristics of the BO functional state

According to the results of studies carried out in  [3], 
the presence of roughness, dust or moisture on the sur-
face, if they are not associated with a change in surface 
conductivity, does not affect the image.

The parameters of the second circuit depend on the 
properties of the skin, the biological object and the in-
tensity of blood flow, and can fluctuate greatly. Based on 
the analyzes performed  [4], it is possible to identify the 
main information channels for studying BU in the ODS 
method. They can be conditionally divided into two groups: 
own or spontaneous and stimulating by an electromagnetic 
field. Intrinsic include changes in the electrical conductivity 
or impedance of an object as a whole and its individual 
parts, structural inhomogeneity of the volume or surface, 
outgassing and ultra-weak optical radiation. The stimulants 
include various types of electron emission, optical radiation, 
and, in the case of water-saturated biostructures, structural 
inhomogeneity due to displacements of microparticles [21].

It should be noted that in the indicators listed above, 
the effect of blood flow on the resulting information picture 
was not mentioned. And since blood vessels are conduc-
tors, under the influence of an electric field, an electric 
current can flow in them, albeit for a short time, which 
can affect the results obtained. In addition, one cannot 
ignore the respiratory, digestive, psycho-emotional processes 
that take place in the body, affecting the composition of 
the blood, blood pressure, vasodilation, pulse rate, etc. 
From all of the above, it is possible to conclude that the 
pulsed discharge current depends on the dynamics of the 
physiological processes.

The redistribution of current in the circuits presumably 
occurs due to the displacement of the current. In dielec-
trics, the displacement current consists of two terms, bias 
displacement currents in vacuum and polarization currents:
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j
E

t

P

tb =
∂
∂

+
∂
∂ ′

ε0 , 	 (2)

where ε0

∂
∂
E

t
 – displacement current density in vacuum; 

∂
∂ ′

P

t
 – polarization current.

The current due to the ordered movement of bound 
electric charges in dielectrics or the displacement of charges 
in non-polar molecules is called the polarization current.

That is, in AC circuits, the full current is always closed. 
Only the conduction current breaks at the ends of the 
conductor, and in the dielectrics between the ends of the 
conductor there is a displacement current that closes the 
circuit. Since the BO does not touch the conductors dur-
ing the GDV-gram recording, it can be assumed that the 
circuit is closed due to bias currents.

The physical processes of closing the circuit between 
the electrode to which the voltage is applied and the BO 
have not been thoroughly studied and are practically not 
described in the literature. Therefore, further studies of 
these processes are needed.

In the stage of a stationary dynamic discharge (the 
moment of fixing the image of the glow of the discharge), 
the effective value of the pulsed displacement current de-
pends on the active resistance of biological tissues and 
their capacitive properties.

In turn, the active resistance of biological tissues and 
their capacitive properties depend on physiological processes, 
blood filling of the vessels of the examined element of the 
biological object. Thus, the method of gas-discharge visua
lization uses a pulsed periodic corona sliding discharge with 
an avalanche-streamer breakdown type in atmospheric air 
with a single electrode. The voltage of electrical breakdown 
(the appearance of a glow) depends on:

1)  the electrophysical properties of the dielectric base 
with a transparent sputtered electrode (sensor device);

2)  air pressure, the composition of the gas mixture 
of air, the presence of microparticles in 
the air, the concentration of air ions;

3)  the emission properties of the outer 
layer of the surface of a biological object;

4)  the frequency, duration (through-
ness), polarity of the pulsed current.

In the stage of a stationary dynamic 
discharge (the moment of fixing the image 
of the glow of the discharge); the effective 
value of the pulsed displacement current 
depends on the active resistance of biologi-
cal tissues and their capacitive properties.

In turn, the active resistance of bio-
logical tissues and their capacitive pro
perties depend on physiological processes, 
blood filling of the vessels of the examined 
element of the biological object.

Now it can be noted that the amplitude 
of the pulsed voltage of the discharge, the 
frequency of the pulses, the duration and 
intensity of the pulses, and the polarity act 
as additional parameters of the process of 
gas-discharge visualization. Registration of 
these additional parameters is necessary for 
correct medical diagnostics based on the 
results of corona sliding discharge glow.

6.2.  The structure of the device for conducting GDV stu
dies with the registration of additional parameters. As noted, 
an algorithm for medical and biological diagnostics based on 
GDV has become widespread, associated with the distribu-
tion of radiation intensity depending on the electrophysical 
characteristics (physiological state) of biologically active points 
located in the discharge area. A number of GDV diagnostic 
devices «GDV Camera», «GDV Compact», «GDV Express» 
have been developed, made in the form of peripheral equipment 
for serial PCs, which host software for targeted research [1, 2]. 
In these devices, a voltage in the form of rectangular pulses 
with a single intensity with fixed amplitude is used to ensure 
the occurrence of a discharge. The amplitude of the pulses is 
chosen to guarantee the «glow» of the object under study.

However, studies of gas discharges that occur in a pulsed 
electric field prove that the concentration of air ions suf-
ficient for radiation in the visible range of the optical range 
depends on the amplitude, frequency, and intensity of the 
pulsed voltage [21–23]. Also, the «glow» spectrum is affected 
by the electrophysical properties of the object located in 
the electric field of the discharge  [24].

In the case of GDV in medical diagnostics, the object 
is the patient’s finger phalanges or other biological sub-
stances located on the sensor device  [13, 21]. For a pulsed 
gas discharge, the measuring sensor ensures that there is 
no direct galvanic connection between the object and the 
high-voltage voltage source. For such an implementation 
of a sensor device, the integral criterion for the occurrence 
of a discharge, in addition to glow, is the magnitude of 
the bias current in the high-voltage power supply circuit.

Thus, additional parameters of the process of gas-dis-
charge visualization, reflecting the electrophysical charac-
teristics of the object under study, can be: the amplitude, 
frequency, and intensity of the voltage source pulses, de-
termined by the jump in the bias current  [24].

The structure of the device that allows determining 
the listed additional parameters of the GDV diagnostics 
is shown in Fig.  4.
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Fig. 4. Structural diagram of the building of the GDV procedure  
with the registration of additional parameters
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The advantages of recording the proposed parameters 
of gas-discharge visualization include quantitative measure-
ment and the possibility of objective comparison. The 
specified properties of these parameters provide an ad-
ditional opportunity for a digital description of the state 
of the object under study, and then automation of the 
diagnostics.

6.3.  Controlled high-voltage pulsed voltage generator for 
gas-discharge visualization. The vast majority of publications 
devoted to the study of various biological and non-biological 
objects by the GDV method focus exclusively on the in-
terpretation of images obtained using various modifications 
of the GDV-camera, Corona-TV, etc. devices  [13].

There are practically no publications devoted to the 
actual circuitry of devices. There are several schemes on 
the Internet (for example,  [25]), but there is no correct 
description of them. In  [4] there is a circuit diagram, but 
it is completely analog, made on the element base of the 
late 70s–early 80s of the last century.

One of the areas of work is the creation of the most 
functional and at the same time easy-to-use and device 
for gas-discharge visualization of the BU aura. Taking 
into account the physics of the visualization process, it 
is possible to conclude that the frequency of high volt-
age pulses affects the magnitude of the current through 
the capacitive component of the discharge circuit. At 
the same time, at high frequen-
cies  (tens, hundreds of MHz), the 
current flows over the surface of the 
object without penetrating deep into 
it («skin effect»). Also, the duration 
of the pulse should be significantly 
less than the duration of the pause 
between adjacent pulses – to reduce 
the time of exposure to a strong 
electric field on the BO. In addi-
tion, to reduce the time of the field 
impact on the object, it is possible to 
achieve additional amplitude modu-
lation of the pulse sequence. But 
in this case, when photographing  
a GDV image, it is necessary either 
to synchronize the shutter speed 
with the modulated signal, or to 
turn off the modulation altogether. 
The device must provide high volt-
age (more than 20  kV) and at the 
same time be safe to use. Fig. 5 shows 
the preferred qualitative waveform 
for successful imaging  [7].

Т1 Т2

Т3 Т4

Т1<Т2
Т3<Т4

U(t)

t

Fig. 5. Pulse sequences of the high voltage generator

Time intervals of impulse voltage: Т1 – pulse dura-
tion; Т2 – duration of pause between adjacent impulses; 
Т1+Т2 – period of the sequence of impulses of the visu-
alization cycle; Т3 – duration of the visualization cycle; 
Т4 – interval between visualization cycles.

The block diagram of the high-voltage voltage genera-
tor unit for GDV diagnostics is shown in Fig.  6.

From the control unit to the high-voltage generator 
unit, the information input of the microcontroller receives 
a signal with the values embedded in it:

–	 voltage amplitudes;
–	 frequency of the sequence of impulses of the imag-
ing cycle;
–	 duration and intensity of impulses;
–	 exposure duration (this data is the settings for the 
pulse-width modulation (PWM) mode). The microcon-
troller controls the state of the transistor switch. While 
it is open, pulses are formed, the amplitude of which is 
set by a step-up transformer and fed to the electrode 
of the sensor device. Confirmation of the occurrence 
of a gas discharge is carried out by a discharge sensor 
and transmitted to the control unit  (Fig.  4).
The proposed structure of the high-voltage generator 

unit makes it possible to study the regularities of the 
occurrence of diagnostic luminescence in a wide range 
of characteristics of impulse voltages with adaptation to 
the properties of biological structures. 

A step-by-step increase in the amplitude of voltage 
pulses makes it possible to fix the moment of occurrence 
of a gas discharge around the BO with a minimum ad-
ditional energy load on the object itself.

7.  SWOT analysis of research results

Strengths. The conducted research is aimed at developing 
a new hardware component for GDV medical diagnostics. 
This partly equalizes the balance between the intensive 
development of various applications of GDV methods in 
traditional and alternative medicine with almost unchanged 
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technical support. It is proposed to register the electri-
cal characteristics of the source of impulse voltages, at 
which gas-discharge visualization of the biological object 
of study occurs. These quantitative data are measured 
directly in the diagnostic process and are related to the 
general physiological state of a person. They can be used 
as additional indicators in the analysis of GDV images.

Weaknesses. The simulation of the electrical circuit of 
gas-discharge visualization showed the vulnerability of the 
discharge conditions to the dielectric characteristics of the 
sensor elements and their stability. Significant uncertainty 
is introduced by the complex resistance of the medium 
to bias currents. Also, the conditions of gas-discharge 
visualization depend on the concentration of air ions in 
the ambient air. These factors have a significant impact 
on the repeatability of the results of GDV diagnostics.

Opportunities. The indisputable potential advantage of 
GDV diagnostics is an integral assessment of the physiologi-
cal, psycho-emotional, and, as a result, the functional state 
of a person. The available image processing algorithms are 
based on the analysis of the intensity distribution of the 
gas discharge radiation in the recording plane with subse-
quent computer interpretation. A possible way to increase 
the information content of GDV images is their spectral 
analysis within the entire optical spectrum of radiation.

Threats. The branch of aviation and space medicine 
simultaneously requires both the latest computerized me
thods for diagnosing a person’s condition and methods 
that ensure the reliability of the diagnosis. Regarding the 
fulfillment of these conditions, the method and means of 
GDV diagnostics require their improvement. The direc-
tion of development of technical solutions is to ensure 
the dependence of emerging images mainly on the state 
of the object of study, and not on other factors.

8.  Conclusions

1.	 It is shown that to implement the method of gas-
discharge visualization, a pulsed periodic corona sliding 
discharge with an avalanche-streamer type of breakdown in 
atmospheric air is used. The discharge occurs in a circuit 
where one of the electrodes is a biological object.

2.	 The proposed model of electrical circuits of the gas-
discharge visualization process. The equivalent circuit con-
sists of resistive and capacitive elements that determine the 
complex resistance of the gas-discharge sensor and the bio-
structures under study at the used pulse voltage frequencies.

3.	 It was revealed that the state of the surface struc-
tures placed on the gas-discharge sensor and the electrical 
impedance of the internal structures of the object under 
study determine the minimum value of the visualization 
electrical breakdown voltage. And also that the occur-
rence of a discharge and the characteristics of the glow 
depend on the amplitude, duration, intensity, polarity of 
the pulsed voltage. Registration of additional parameters 
determines the correctness of further visual diagnostics.

4.	 Structural diagrams of the device for conducting 
research using the method of gas-discharge visualization, 
a block of a high-voltage pulsed voltage generator for 
hardware accounting for additional parameters of a gas 
discharge and connection with medical and biological in-
dicators have been developed.

As a result, it should be noted that the use of the 
method and means of gas-discharge visualization to assess 

the functional state of the flight crew before and after the 
flight period requires the development of special equipment.  
The proposed technical solutions need experimental veri-
fication. Comparative studies of diagnostic findings by 
RIA with traditional medical diagnostics are necessary.
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