ata S>tream

Ining &
rocessing

PROCEEDINGS of the

2018 IEEE Second International Conference on

Data Stream Mining & Processing (DSMP)

IEEE Ukraine Section (West)
AP/ED/MTT/CPMT/SSC
Societies Joint Chapter

I E E E IEEE Ukraine Section (Kharkiv)
SP/AP/C/EMC/COM

UKRAINESECTION Societies Joint Chapter

August 21-25, 2018

Lviv, Ukraine Qg@



IEEE Second International Conference on Data Stream Mining & Processing

August 21-25, 2018, Lviv, Ukraine

Medical Data-Stream Mining in the Area of
Electromagnetic Radiation and Low Temperature
Influence on Biological Objects

Iryna Perova
Biomedical Engineering Department
Kharkiv National University of Radio
Electronics
Kharkiv, Ukraine
rikywenok@gmail.com

Yelizaveta Brazhnykova
Biomedical Engineering Department
Kharkiv National University of Radio

Electronics
Kharkiv, Ukraine
yelyzaveta.brazhnykova@nure.ua

Abstract—At this paper medical data stream mining in the
area of influence by different fields (electromagnetic radiation
and positive low temperature) on laboratory white rats is
investigated. The  most  informative features  in
multidimensional time series using neural network based on
Oja’s neurons and the most informative physical field
influence on biological objects (white rats) are detected.
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Stream Mining, Electromagnetic Radiation Influence

L INTRODUCTION

The current state of the environment is represented by
environmental factors of a different nature (physical,
chemical, biological, social factors) that influence various
biological objects, including human beings, both in everyday
life and at work. Such a variety of factors predetermines their
complex, mixed or combined, simultaneous or successive
influence [1]. In such combinations of factors, biological
systems form a whole complex of responses in organs and
systems that depend on the strength, concentration, and time
of action of these factors [2,3]. Ecological and biological
researches should be aimed at determining the nature of these
influences, the features of the development of mechanisms of
biological effects at different levels of the body functioning,
as well as determining the portion of the contribution made
by each of the factors belonging to the complex of acting
factors [1.4].

A fact that dimensionality of medical data sets is excess
for solving of diagnostics tasks is one of the biggest
problems in the areca of Medical Data Mining [5-8]. This
problem means containing of excess information in medical
dataset that lead to complexity of analysis and interpretation
of results. Data Reduction stage became a needed one for
solving a common Data Mining tasks.

This stage permits to represent dataset in the compact and
easy visualized form. Principal Component Analysis (PC-
analysis) is one of most usable methods for solving data
reduction tasks when dataset presents in the form of table
“object-property”.
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When dataset is fed to processing in the form of data
stream PC-analysis cannot be used and solving of data
reduction task can be performed using neural network
technologies. A neural network based on Oja’s neuron [9]
with its learning algorithm is the system that permits to
perform data reduction sequentially in online mode.

II.  ELECTROMAGNETIC RADIATION AND POSITIVE LOW
TEMPERATURE INFLUENCE ON BIOLOGICAL OBJECTS

Scientists describe the present ecological situation in the
world as «electromagnetic pollution of the environment»
[10] in connection with the current spread of electromagnetic
radiation (EMR) generated by different equipment. At
present, the levels of exogenous electric and magnetic fields
exceed significantly the natural background of the Earth and
are an unfavorable factor, which influence on biological
objects grows from year to year, acquiring a global character
[11,12]. Sources of radiation can be found in all spheres of
human activity, which are used in industry, medical practice,
in the educational process, life and entertainment [13].

Recently, more and more researches are devoted to the
problems of electromagnetic ecology. The world community
recognizes that EMR is a significant environmental factor
and has a high biological activity. Many international
organizations are engaged in the development of this
problem. Their research is aimed at studying the biological
effect of EMR with subsequent development of the
principles of regulation (methodology) in order to protect the
population from the negative influence of EMR, as well as
the substantiation of unified world standards for
electromagnetic safety [3,11].

Numerous literature data indicate that EMR affects all
organs and systems of the body: the blood system,
cardiovascular, endocrine, immune, nervous and sexual
systems with different biological activity (depressing, trigger
or phase) in all frequency ranges [14,15].

However, despite a large number of studies, there is still
no generally accepted theory of the effect of EMR on the
body, its nature and the mechanisms of action on
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physiological systems. The reason for this may be attributed
to the fact that EMR never acts as a monofactor. Other
factors of a different nature that influence the body in
combination with EMR are not excluded, which
predetermined the urgency of the problem of medical and
biological study of EMR influence on the human body in
environmental conditions [1,14].

Another important environmental factor is the air
temperature, which can provide comfortable or
uncomfortable living conditions. The adverse effect of
temperature on the body is possible under various
circumstances, especially in winter, when the air temperature
decreases [16].

Cold is a stressor for the body; in response, the activity of
the most important regulatory systems is activated in order to
maintain the temperature constant of the body. Hypothermia
has a general effect on the body, causing biological reactions
that manifest themselves as a complex of biochemical,
pathophysiological, morphofunctional changes [17,18]. In
response to irritation with cold, the body reveals a number of
complex physiological reactions. It is proved that the
corresponding reactions of the body to the effect of low
temperature depend on the volume and duration of the effect
of this factor [19].

Thus, the global spread of EMR, its combined
simultancous effect with a temperature factor can affect a
person under different conditions. Proceeding from the
above, it is necessary to study the influence of EMR in
combination with a positive low temperature (PLT) on the
body to determine the biological effects of the combined
action: additivity, synergism, and antagonism. It is also
necessary to determine the portion of the contribution made
by each factor to the total effect, with subsequent
development of criteria for evaluating the biological effect of
EMR under conditions of cold stress followed by hygienic
assessment and development of measures to prevent their
impact.

With that end in view, we developed an original research
model. An experimental study of the effect of physical
factors on the animal organism is carried out: EMR and PLT,
both in isolated action and in combined effect. The study was
carried out under conditions of a subacute experiment during
30 days.

The Exposure Chamber equipment was created, which
allowed to simulate both the influence of the required range
of air temperature on laboratory animals and EMR
parameters (Fig. 1). This model is protected by copyright
[20].

Exposure Chamber

positive low temperature
(PLT) influence

electromagnetic radiation
(EMR) influence

Y

Fig. 1. Exposure chamber equipment

III. EXPERIMENT RESULTS PROCESSING

Laboratory white rats (males of the WAG line) were
chosen as a biological object. The animals were distributed
into 2 groups (N = 60). The research group consisted of 30
animals, which were divided into three groups: the first
group of 10 animals was subjected to isolated EMR
(operating frequency 70 kHz, electric voltage 600 V / m);,
the second group of 10 animals was influenced by the
isolated effect of PLT in the range of + 4 °C + 2 °C, the third
group (10 animals) experienced combined effects of EMR
and PLT at the same parameters as the groups of isolated
action. The intact group of 30 animals was in comfortable
conditions (+ 25 °C £ 2 °C) and served as a control in
relation to groups 1, 2, and 3. Expositions were conducted
during 4 hours, 5 times a week.

To reveal biological effects, the blood serum of animals
was studied at the stage of 5, 15, 30 days in the dynamics of
the experiment. The following biochemical parameters were
determined in the blood serum: the content of diene
conjugates (DC), malonic dialdehyde (MDA), SH-groups,
ceruloplasmin, cholesterol, triglycerides, high density
lipoprotein (HDL), low density lipoprotein (LDL), very low
density lipoproteins (VLDL), urea, acid and alkaline
phosphatase, chlorides, calcium, magnesium, phosphorus,
total protein, glucose, catalase and superoxide dismutase
activity, atherogenicity index (AI) was calculated. The
indices were determined using commercial test systems with
help of the biochemical analyzer "Labline-80" (Austria) in
accordance with the instructions attached to them.

From mathematical point of view each object-white rat is
described by multidimentional time series that contain
information about the blood serum in 5, 15, 30 days:

X (k) :{x,.,(k)} ’

where k=1,...,N,... — number of object-white rat in matrix
(in our case N =60), i=1,...,n — number of time series for
each of white rat (in our case n=20), /=1,...,q — number
of time instants, that correspond to number of days (g =3).

To present information in easy reception mode we have
used neural network described in [9], [22]-[23] for each of
time series. On Fig.2-Fig.4 position of each white rat in
space of three principal components was presented. Intact
group of white rats was marked by o-dots and research group
— by *-dots. In each of groups different influence type was
marked by different colors: black for the influence by the
isolated effect of PLT, magenta for influence by isolated
EMR, red for combined effects of EMR and PLT.

It is easy to see that proposed visualization presents that
combined effects of EMR and PLT influence has significant
correlation with the influence by the isolated effect of PLT
on 5-th and 15-th days.

To determine this relation, it is easy to introduce a fuzzy
clustering procedure between centers of groups with different
influence type (one with PLT and one with EMR influence)
and centers of group of combined effects [24].
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Fig. 2. PCA-visualization of each white rat on 5-th day of experiment

4 *
13 **3 * &
, )
N o +
¥
. ] * = *
)
i ] *
¥ g
0 g s
] s ¥
a#
" o w3
e +
o 4 L
0.3 -
@
14 o
g
0.5 )"\,_ e -
~. N5
0 \‘*»\ el “a
057N —_ 05

Fig. 3. PCA-visualization of each white rat on 15-th day of experiment

Previously, input multidimensional time series have to be
centered, normalized and coded to interval [—1; l]{"} :

For calculation of centers of each cluster is suitable to use
arithmetical mean or median between all white rats of
corresponding group in sequential mode:

cil(k) :cil(k_1)+
+11(k)sign(x,.,, (k) —c, (k-1))

where 77, (k) —
with expression [25]

learn rate parameter, that tuned accordingly

O<a<l.

n(k)=r (k). r(k)=ar(k-1)+1,

Fig. 4. PCA-visualization of each white rat on 30-th day of experiment

Distance in sense of Manhattan metrics between these
centers 1s calculated in the form:

n

g
2 lei=cf

=1 I=1

dist(¢c,.c;)

After that we can use a measure of distance to calculate
what type of isolated influence contributes to combined one:

dist™
Z (disf1 ) )

After calculation we obtain a result that the isolated effect
of PLT has membership level md =0,67 whereas the

influence by isolated EMR md =0,33.

md =

At next step of our research it’s needs to obtain
information about most informative features. In the area of
Medical Data Mining this problem is known as feature
selection [18].

First eigenvector of covariance matrix should be
calculated and first principal component vector should be
formed.  First  principal component of  coded

multidimensional matrix X (k)={x,(k)}e R" can be

defined as:

where /, — first row of matrix L, eigenvector of covariance
matrix, that corresponds to the biggest eigenvalue of this
matrix.

At next step distances in the sense of Manhattan metrics
between all features vectors and first principal component is
calculated. A feature that has minimal distance

d(xil( ) izq:

I=1

x yll |



1s chosen like the most informative one.

Then this feature-winner is excluded from original data

matrix and system continues to process reduced matrix until
all features will be turned over.

As a

result the most informative features are:

malonicdialdehyde (MDA), low density lipoprotein (LDL),
urea, a superoxide dismutase, catalase.

IV. CONCLUSION

At this paper an isolated PLT and EMR influence and

their combined effect on biological object — laboratory white
rats was investigated. A contribution of isolated influence by
PLT and EMR to combined influence was calculated. The
most informative features in multidimensional time-series
was determined.
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