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APPLICATION OF WAVELETS TRANSFORM FOR ANALYSIS OF IMAGES
OF GAS-DISCHARGE RADIATION OF WATER

The issues of experimental methods of studying biological water properties are considered. The existing prob-
lems of theoretical and experimental studies of water properties are described, the key value of features of the struc-
ture of water for normal functioning of living organisms is shown. Since the standard classical methods of physical
and chemical analysis do not provide the possibility of implementing experimental evaluation of specific biological
properties of water, as an alternative, there is proposed a method of recording gas discharge irradiance of liquid-
phase objects in an electromagnetic field followed by software image processing based on wavelet analysis. The
efficiency of the proposed method was tested on real data samples for distilled water samples and natural water.
The results obtained from the extraction of specific parameters of structural features of gas discharge radiance im-
ages demonstrate the effectiveness of wavelet analysis algorithms for images of radiation of water samples with

different biological properties.
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Introduction

Modern scientific achievements in the field of
theoretical and experimental studies of the properties of
water as a part of interdisciplinary research emphasize
the importance of the analysis of its characteristics,
which are vital for the normal functioning of life forms.
As organisms contain 70-90% of water, the quality of
potable waters has direct influence on the metabolic
processes in living cells.

Due to the interdisciplinary research of recent
years there has been determined the fact that the exist-
ing electrostatic models of water prove that some ex-
perimental results of studying the properties of water are
inadequate [1]. Besides it is known that water has a few
score of anomalous properties which are not consistent
with the classical physical-chemical models of its liquid
state. Thereby, it becomes apparent that the real nature
of water and its properties are beyond the simple chemi-
cal formula H,O.

From the standpoint of influence of the state of
water on the metabolism processes of living organisms,
recent theoretical and experimental studies have estab-
lished a close interrelation between the biological and
the quantum properties of water. These studies have
built a strong platform for further research of the issue
of drinking water quality.

One promising area is development of research of
quantum properties of water, based on [2]. In some
cases, for the molecular level description of structure
and dynamics of the liquid phase of water it is enough
to apply approach based on the use of classical mechan-
ics. At the same time, a more accurate and complete

description is possible only on the basis of quantum-
mechanical models [3].

Recent studies show that nuclear quantum effects
have a significant impact on the changes in the structure
of liquid water and the dynamics of hydrogen bonds. In
[4] is emphasized that currently there are no simulation
models of liquid water which provide an accurate de-
scription of the electronic structure, taking into account
the interaction between the nuclear and electronic quan-
tum effects.

The authors of [5] set forth the results of modelling
particularly quantum effects and draw a conclusion
about the importance of balance of quantum processes
in the process of ensuring certain properties of water
necessary for the existence of living organisms. Dis-
tance variations between the water molecules can
weaken the strength of the hydrogen bonds. In its turn,
quantum distance variations between atoms and the
changes of the bond angle lead to dynamics of biologi-
cal properties of water.

In [6] a group of physicists offered and studied the
model of "competing quantum effects." Competing
quantum effects are analyzed on the basis of the study
of two different forms of isotopes of water:

1) hydrogen, with one proton;

2) deuterium.

Additional mass of deuterium conditions its de-
creased reactivity in comparison with hydrogen due to
quantum uncertainty in the bond lengths. In other words
the bond of deuterium-oxygen is shorter than the bond
of hydrogen and oxygen. Experimental studies con-
ducted by scientists, included a beam propagation of
electrons in water and further registration of their dis-
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persion. The results confirmed the expressed theoretical
hypotheses.

Biological properties of water are caused by interac-
tion forces in the middle of the molecule and intermo-
lecular bonds. In particular, these factors are taken into
account by methods of quantum mechanics. The research
team in the laboratory Rutherford Appleton Lab (Great
Britain) has focused on the study of the quantum proper-
ties of water in carbon nanotubes [7]. Specific nature of
the experiment consisted in measuring the parameters of
the aquatic environment that was limited in the space of
small dimensions. As a part of experimental studies of the
properties of water placed in carbon nanotubes at room
temperature, a substantial difference was found between
the recorded measurement data and expected values ac-
cording to the classical electrostatic model of water. It is
found that the protons in the nanoscale aquatic environ-
ment have fundamentally different properties than in lar-
ger water volumes. On the basis of experimental studies,
scientists have concluded that in order to describe the
properties of water in space with nanoscale, a completely
different approach is needed. Additionally, a hypothesis
about the existence of quantum coherence propagated
through an electronic network is put forward [8].

It should be noted that UK physics chose particu-
larly carbon nanotubes to implement the research, as
they are analogous to the existence of water in the cells
of organisms, such as ion channels in cell membranes.
As water is an integral part of living organisms, it is
involved in all processes of self-organization and re-
newal. During the interaction of the water and bio-
molecules the structure of water changes, which leads to
the dynamics of its physical properties and change of
electromagnetic activity [9]. Under the influence of
various external factors, including the biological proc-
esses, water changes its state. In [9] it is emphasized
that the signals radiated by water in a particular coher-
ent state can be detected and registered.

Study of interrelation of biological and quantum
properties of water is a priority area for the Ukrainian
Institute of Human Ecology [10, 11]. Timeliness and
importance of the study of quantum effects in drinking
water is conditioned by the influence of structural
change of water on the vital activity of organisms.

In the study the liquid water phase from the point
of view of quantum electrodynamics it is proved that the
composition of water has specific areas with the pres-
ence of coherent domains [12, 13]. The specific size of
coherent domain is caused by the wavelength of the
quantum transition from the ground state to the excited
state. Energy-wise, ground and excited states are differ-
ent. The value of the difference in energies is directly
related to the wavelength of soft X-ray photon. It is nec-
essary to consider that each domain is surrounded by a
field that exists beyond its borders. Bonds between the
individual domains are set particularly because of the

existence of adjacent fields, as if "bonding together" the
individual domains in the conglomerates.

For distilled water it is characteristic that coherent
domains are present in its composition, but they do not
form mutual coherence between them. The lack of mu-
tual coherence does not allow distilled water to essen-
tially react to external influence.

On the basis of studying the clustering model of
liquid water, it is found that the formation of coherent
areas in water structure significantly improves the bio-
logical properties of drinking water. Special studies con-
firmed the fact that consuming water in a coherent state
by human improves connectivity in a fractal state of
biological fluids and restores the physiological functions
of the body as a whole and the cardiovascular system, in
particular [14-16].

Materials and methods. The established interrela-
tion between biological and quantum properties of water
[17] in choosing and developing experimental methods
of researching drinking water state requires such physi-
cal substantiation of the used principles of measurement
as to be able to provide the registration of the effects of
intermolecular interactions in the structure of water in-
cluding the manifestations of specific properties of do-
mains in a coherent state.

According to the research results presented in [18],
the formation of bio photons is provided by the exis-
tence of coherent domains of water. To illustrate the
properties of water in a coherent state the author [18]
has described the example of lightning formation. From
the perspective of modern concepts of quantum electro-
dynamics, extracted electrons from the water are the
source of powerful charge contained in the lightning.
Drops of water are the only source of electrons, and the
water is in a coherent state, as only such state provides
discharge by the free charge carriers. Similarly, the co-
herent domains act as an electron donor during the re-
dox reactions in the cells of living organisms.

Physical processes like the formation of lightning
in the atmosphere occur during the formation of the gas
discharge in experimental studies based on the image
registration of gas-discharge radiation of liquid-phase
objects [19-22]. Evaluation of biological properties of
water in this paper is based on the measurement method
consisting in fixing the gas discharge glow on photoma-
terial structure in the electromagnetic field around the
test sample of water and in the area of its contact with
the X-ray film. Physical effects arising from the regis-
tration of gas-discharge radiance of liquid phase object
placed in an electromagnetic field of high tension are
conditioned by the ionization of the molecules of the
gas medium between the electrodes by means of elec-
trons and photons simulated with electronically excited
complex molecular structures of water.

Experimental researches are implemented using
the «PEK-1» recorder. The device is intended for visu-
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alization of gas-discharge radiance of biological or
physical objects on the photosensitive material and X-
ray film [23]. Structurally, the recorder is designed as a
desktop device. Control board with radioelements,
switching arrangements and signalling system are posi-
tioned in the housing stand. On the cap of the recorder,
working electrode of foil-clad paper-based laminate is
set. Above the working electrode a guide conductor is
set. The work of PEK-1 recorder is based on impact
excitation of a circuit consisting of the inductance of the
secondary winding of the matching circuit and the load
capacitance connected to it. The generated excitation
pulses provide a flow of electric current through the
buffer resistor, working electrode, circuit with the object
of research and passive electrode.

The recorder of gas-discharge radiance includes a
flat high-voltage electrode which has a photographic
material (X-ray film), a crib that is connected to the flat
electrode and a current source, a measuring container
with a rod for receiving the test liquid, a hollow needle
of electrically conductive material to generate a non-
uniform electric field. The crib is mounted above the
surface of the photographic material at a height at which
there is provided a gap between the surface of the pho-
tographic material and the needle placed in a hollow
metal tube of the center hole of crib, wherein the outer
diameter of the needle corresponds to the inner diameter
of the tube for creating a non-uniform electric field.

The sequence of imaging the gas-discharge radi-
ance of liquid phase object is as follows. On the work-
ing surface of a flat electrode is placed a photographic
material over which a crib is set. The test liquid of
specified volume is poured into measuring container —
the needle that is placed in a hollow tube. Forcing the
rod of measuring container down, the test liquid of
specified volume flows onto photographic material,
creating a droplet whose surface is in contact with the
needle. Voltage is applied between the flat electrode and
the electrode for generating an electric field, whereby
the gas discharge occurs between the electrodes. After
exposure, the photographic material is subjected to the
established chemical treatment, and one gets an image
of the structure of the gas discharge irradiation around
and in the contact area of the liquid with photographic
materials.

When water is exposed to external electric field,
features of the generation of gas discharge around the
sample are noted. Water condition can be identified by
their characteristic features. For example, thanks to re-
search in the field of quantum electrodynamics it has
been established [18] that the so-called "normal", dis-
tilled water, stays in an incoherent state. This means that
the domains in its structure do not form joint coherence
manifesting itself in constructing bonds between do-
mains in the form of synthesis of conglomerates or con-
federation of domains. In incoherent state, liquid water

molecules are unable to act as reducing agents, i.e. as
electron donors. Incoherent water keeps electrons so
strongly that it can be regarded as a mild oxidant. Such
fundamental changes of water significantly influence on
the metabolism of living cells, and, therefore, are sub-
ject to detailed analysis.

Water in a coherent state is a good reducing agent -
an electron donor, which is a prerequisite of formation
of bio photons. The energy of the excited state of the
coherent domain approaches to the ionization energy of
water molecules. Thus, in the coherent state, water do-
nates electrons easily because the coherent domains are
surrounded by clouds of quasi-free electrons. To excite
this electron plasma, small portion of energy that does
not exceed 0.2 eV is sufficient [18].

Thus, making a comparative analysis of the physi-
cal processes occurring in biochemical reactions of or-
ganism and in forming of lightning in the atmosphere, it
can be assumed that process characteristics of the for-
mation of gas discharges during the registration of im-
age of gas discharge radiance of liquid-phase objects in
an electric field are in the correlation dependence with
biological and quantum properties of liquid state of wa-
ter, in particular, by the presence of coherent areas in its
structure — being the necessary sources of free charge
carriers for all of the above physical and biochemical
processes.

Water samples from different sources and, respec-
tively, with different properties was used as materials
for the realization of the experimental studies of water
properties in the electric field. Samples of "normal"
distilled water were selected as a standard for the com-
parative analysis, because the available theoretical and
experimental studies have shown that this type of water
stays in an incoherent state.

A brief description of applied approaches. In the
qualitative analysis of irradiance image, experts usually
take into account the following signs of images of gas-
discharge radiance of water: inner ring with radial
streamers directed outwards that create middle ring and
subtle luminescence, which as a whole gives the charac-
teristic of the width of ambient illumination; irradiation
structures in the contact area of the test sample with X-
ray film (inner circle of the image) for granular inclu-
sions and obscurations (Fig. 1 and 2a). At the first stage,
the proposed estimation method of biological character-
istics of water includes the recording of gas-discharge
radiance of images of objects in electromagnetic field.
At the second stage, in order to parameterize the irradi-
ance structures, digital computer data processing is im-
plemented.

For carrying out the multiresolution study of geo-
metric features of image of discharges propagation,
mathematical apparatus of wavelet analysis was chosen.
Wavelet analysis of digital images of gas discharge ir-
radiance is applied to the functional dependence, which
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is the pixel brightness profile along a straight line. For
maximum coverage of details of the image - the crowns
of irradiance, streamers, the drop inner circle - the
brightness profile is plotted from the upper corner of the
image f (0,0) to the bottom of f (M-1, N-1), ie, all the
pixels located on the diagonal of pixel brightness matrix
of halftone bitmap are covered. In the graph of profile
brightness (Fig. 1b and 2b) on the horizontal axis is de-
noted the coordinate of the original digital image, on the
vertical axis - the brightness values of pixels along the
chosen direction of the profile which are standard coded
by integers in the range from 0 to 255.

For detalization in identifying the specific features
(patterns) of images of discharge propagation caused by
different physical, chemical and biological properties of
water samples, the wavelet analysis is used, which pro-
vides a multiresolution transformation [24] of input
functional dependence. Unlike traditional methods of
signal and image processing using the Fourier trans-
form, wavelet analysis in many application areas dem-
onstrates the high informative results, flexibility of algo-
rithms, ability to process and separate subtle features of
signals and images that are not available for the detec-
tion and identification with classical methods of spec-
troscopy.

The operation of direct continuous wavelet trans-
form is carried out according to the rule:

o0

We(a,b)=[a] "2 [ f()y” (%}dt,

—00
where a and b — are the parameters that define the
scale and offset of functions Y, respectively; Y — is
the analyzing wavelet; * — is the symbol of complex
conjugation; f(X) - is the function under study (input
data for transform or analysis); W;(a,b) — is a set of
wavelet coefficients

Thus, the wavelet transform splits data or func-
tions into components with different frequencies, each
of which at the following stage can be studied with a
different resolution, i.e. scale [24]. The method is based
on the fundamental concept of the representation of ar-
bitrary functions on the basis of shifts and scaling of one
localized wave (wavelet function).

Solving the problem of digital image processing of
gas-discharge radiance, original functions under study
f(x) — the brightness profile curve — is discrete, i.e. con-
sists of a bounded sequence of individual brightness
values of pixels along a straight line, thus under such
character of this original sequence, discrete wavelet
transform of the following form is used:

1 «(t, —Db
Walab)=——3 fry | X —1|.
n(a,b) ;= a

To analyze the characteristics of the profile curve
of brightness, calculation of approximation and detail

coefficients of different levels of the wavelet transform
functions was used. Coefficients are obtained by the
convolution operation of the original sequence with a
filter decomposition of low frequencies for approxima-
tion (Fig. 1 and 2, c-e), and decomposition filter for
high-frequency for detailing (Fig. 1 and 2, d-f). During
the decomposition, Haar and Daubechies wavelets are
used [25].

Results and discussion

The decomposition of the original sequence of
brightness values of pixels in the wavelet transform is
used effectively to isolate patterns of images of gas-
discharge radiance of liquid-phase objects. When ap-
proximating the signal (Fig. 1 and 2, c, e), general
changes in the brightness of pixels along the diagonal of
the image are available for observation. Parametrization
at this stage is possible thanks to quantitative evaluation
of width of irradiance corona by analyzing changes the
brightness of pixels.

For tap water, rather "sharp" lows in these graphs
indicate that the crown is narrow and fuzzy. Localiza-
tion of the features of digital image of gas-discharge
radiance, which is shown as a "branching" irradiance
crown, is effectively investigated by increasing the level
of detail (Fig. 1 and 2, d, f). For natural water compared
with tap water, the growth of both the spatial frequen-
cies and amplitudes of the high-frequency component of
the function that describes the changes in brightness
along the chosen picture profile is characteristic.

Fig. 3 shows images of gas-discharge radiance and
the corresponding results of wavelet analysis for dis-
tilled water; this type of water from the point of view of
quantum electrodynamics is defined as an environment
in an incoherent state and is characterized by unfavor-
able biological properties for living systems.

The main feature of the water in the incoherent
state is the lack of free or quasi-free charge carriers.
This property makes it impossible to maintain normal
conditions for the implementation of redox reactions in
the cells of living beings.

Detalization of the dynamics of change of image
pixels brightness as a function of spatial coordinate is
clearly tracked using wavelet analysis (Fig. 1-3, d-f).
For distilled water the maximum amplitude of bright-
ness on the graphs detailing the coefficients according
to the Haar basis do not exceed the absolute value of 5,
by the decomposition based on Daubechies basis the
maximum value is 7, but the vast majority of the pulse-
spike amplitudes is within the range of + 1.

After exposing the water sample in an incoherent
state of the external electromagnetic field, one can ob-
serve a qualitatively different image of registration of
gas-discharge radiance under the lack of free charge
carriers required for the flow of electric current between
the electrodes.

182



3anobizanna ma nikeioayin Had3euUANHUX cCumyayii

In particular, it is manifested through the feeble
corona of irradiance, which consists of individual
streamers of spread of local discharges on the touch-
sensitive surface of the photographic material.

For tap water amplitude spikes in the graph of de-
composition according to the Haar basis (Fig. 1d) are
within 10, according Daubechies basis (Fig. 1, f) they
are respectively in the range of = 5. F
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Fig. 1. Wavelet analysis of the brightness profile of the gas-discharge radiance of tap water sample: a — the original
image of gas-discharge radiance; b — the brightness profile; ¢, d — wavelet decomposition based on Haar wavelet;
e, f— wavelet decomposition based on Daubechies wavelet
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Fig. 2. Wavelet analysis of the brightness profile of the gas-discharge radiance of water sample from natural sources
"Sofiyivka": a — the original image of gas-discharge radiance; b — the brightness profile; ¢, d — wavelet
decomposition based on Haar wavelet; e, f — wavelet decomposition based on Daubechies wavelet
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Fig. 3. Wavelet analysis of the brightness profile of the gas-discharge radiance of distilled water sample: a — the
original image of gas-discharge radiance; b - the brightness profile; ¢, d — wavelet decomposition based on Haar
wavelet; e, f — wavelet decomposition based on Daubechies wavelet

For water from a natural source, which is in a co-
herent state and has good biological properties, the cor-
responding figures of irradiance brightness in the
propagation of streamers of gas discharge are as fol-
lows: for detailing coefficients according to the Haar
basis (Fig. 2d), the amplitude range is = 20, in the basis
of Daubechies (Fig. 2f), respectively, the monitored
amplitudes are within the range of + 20.

Conclusion

The estimation method of the biological properties
of water is proposed based on recording and digital im-
age processing of gas-discharge radiance of liquid-phase
objects in an electromagnetic field. For quantitative as-
sessment of specific characteristics of irradiance images
recorded on the X-ray film, it is proposed to use the
parameterization images based on multiresolution wave-
let analysis.

Wavelet analysis ensures singling out components
of different scales from the profile curve of pixel
brightness so that each element can be analyzed with the
degree of detail that matches its scale. Because of these
properties of the selected mathematical apparatus of
spectroscopy the accuracy of the image analysis of gas-
discharge radiance of liquid-phase objects is increased,
while the role of subjective deposits with expert analysis
is reduced.

The developed method provides not only an as-
sessment of biological properties of water on a qualita-
tive level, but also implements the establishment of a

quantitative interrelation between the calculated coeffi-
cients of wavelet decomposition and biological indica-
tors of water quality.
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BMKOPUCTAHHSA BEUMBNET-NEPETBOPEHHSA ANA AHANI3Y 30EPAXEHb
FA30PO3PAOHOIO BUMPOMIHIOBAHHA 3PA3KIB BOAU

H.B. I'myxosa, JI.A. [Ticorpka, H.I'. Kyuyxk, F0.M. Xapnamosa

Poboma npucesuena numannam excnepumeHmanbHux memooie 00caiodcenns bionociunux enacmugocmeti 60ou. Pozens-
HYMO ICHYIOUi npoOIeMU MeopemuyHo20 ma eKCHePUMEHMANbHO20 OOCTIONCEH S 61ACMUBOCHEN 800U, NOKA3AHO KII0Y08e 3HA-
uenHsi 0cobnugoCmell CmpyKmypu 800U O HOPMALbHO20 YHKYIOHY8anHs dcusux icmom. OCKiNbKu Kiacuuti memoou Qizuxo-
XiMiUHO20 ananizy He 3a0e3neuyonsb MONCIUBOCMI peanizayii eKCnepUMenmanbHoi OYiHKY cneyugiunux 610102TYHUX G1ACMUBO-
cmell 600U, Mo, y AKOCMI AnbMePHAMUBHO20 Cnocoby, 3anponoHOBANUL MEMOO peeCcmpayii 300padcenb 2a30po3pa0H020 GUNPO-
MIHIOB8AHHSL PIOUHHOPAZHUX 00 '€KMIG 8 eNeKMPOMACHIMHOMY ROL 3 HOOALLUIOIO NPOSPAMHOIO 06POOKOIO 3006padiceHb Ha OCHOBI
setignem-ananiza. E¢exmusnicmo 3anpononosanoco memooy anpoboeano Ha peanvHux eubIpKax Oanux Ois 3paszKie OUCmuibo-
6aH0i, 8000NPoBIOHOT ma npupoonoi 600u. Ompumani pe3yrbmamu GUIY4eHHs CneyupiuHuX napamempis 3i CmpyKmypHux ocoo-
augocmell 300paiceb 2azo0po3psOHO20 BURPOMIHIOBANHSI OEMOHCMPYIOMb eheKMUBHICb ai2opummie gelisiem-ananizy 300pa-
JiCeHb GUNPOMIHIOBAHHSL 3PA3KI6 600U 3 PIZHUMU OIONOIYHUMU GLACTNUBOCTISAMU.

Knrouogi cnosa: cazopospsaone sunpominioganns, yugposa obpodxa 300pasicens, setignem-aHais.

NPUMEHEHWE BEMBIET-NMPEOBPA30BAHUA ONA AHANU3A U3OBPAXEHUN
FA30PA3PAOHOIO U3NYYEHUA OBPA3LIOB BOAbI

H.B. I'nmyxoBa, JI.A. Ilecoukas, H.I'. Kyayk, }O.H. Xapnamosa

Paboma nocesujena 6onpocam 3KCREPUMEHMATLHBIX MEMOO08 U3yueHus OUONOSUNECKUX CBOUCME 600bl. Paccmompenbl
cyuecmgylowjue npooremMbl MeoPemuyecko20 U IKCNEPUMEHMATLHO2O UCCTIe08aHUs  CE0UCME 800bl, NOKA3AHO KIIOUe80e 3HA-
ueHue ocobenHocmeil CmpyKmypubl 600bl 011 HOPMATLHO20 YHKYUOHUPOBAHUS JICUBLIX Opeanuzmo8. TIockonbky cmanoapmuvle
Kaaccuieckue Memoobl (PU3UKO-XUMUUECKO20 AHANU3A He 006ecnedusarom GO3MONICHOCIU Peanu3ayuu KCHePUMEHMATbHOU
oyenku cneyuguueckux OGUON0SUHECKUX COLICME 800bl, MO, 8 KaYecmee albmepHAmMuUeHo20 Cnocoba, nPeoiodicer Memoo pei-
cmpayuu u300pasicenull 2a3opaspsioHo2o ceevenus HCUOKOPAZHbIX 00bEKMO8 8 INEKMPOMACHUNMHOM NoJe ¢ nociedyloweti npo-
2pammHol 06pabomKoll u30opadicenull Ha OCHO8e @eligiem-anaiu3a. dhpexmusHocms nPeodIoHCEHHO20 Memooa anpoouposana
Ha peanbHblX 8bIOOPKAX OAHHLIX 05l 06PA3Y08 OUCMULIUPOBAHNOL, B00ONPOBOOHOU U NPUpoOHoll 600. Tlonyuennvie pe3yroma-
Myl U3GNEUEHUs CReYUPUUECKUX Napamempos u3 CIMpyKmypHbIX 0CO6eHHOCMell U300PadiceHuti 2a30pazpsaoHo20 U3LyHeHus noKa-
3618AI0M IPHEKMUBHOCMb ANCOPUMMOS GeliBNeN-AHAUZA U300PANCEHUL U3TYHeHUs 00paA3YO8 800bl C PA3HLIMU OUOIOSUYECKU-
MU C8OUICMEAMU.

Knrouesvie cnosa: cazopaspsionoe uznyuenue, yugpposas obpabomra uzobpasicenuil, 8etienem-ananus.
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