u] =,

IIpedcmaeneni pesynvmamu mooeno8ans
MEHCKOMNOHEHMHUX 8I0HOCUH KOJOPOMempuH-
Hux napamempis npupoonux dionnamo. B axo-
CMi BUXTOHUX 0AHUX 6UKOPUCIAHIKOCMIMHIZHIM-
Ku naaenie 6 denvmi Jynaro. 3anpononoeano
BUKOPUCMOBYEAMU CUCMEMHUL KOJIOPOMEMPU-
ueckuil napamemp, w0 6i006paicae posmax
3Havenb CMYynens 6UPIBHAHOCHL 3HAMEHb KOJ10-
pomempuunux napamempis. Buoineni osna-
Ku 00360:10Mb OUCmManuiuno oiaznocmyeamu
cman 6GionpoodyKuiiinux npouecie npupoonux
oionnamo

Kmouoei cnosa: odionnamo, 6ionpooyxuiii-
Huil npouec, 6000NAABHI nmaxu, pagd) 6ioHo-
CUH, KOJIOPOMEmpuuHi napamempu, OUCMAaH-
UIUHUL KOHMPOTb, MPAEKMOPIsL CUcmemu

=, 0

IIpeocmaenenvt pesyaomamol modeaupo-
6aHUSL MEIHCKOMNOHEHMHBIX OMHOUEHUL KOO
POMEMPUHECKUX NAPAMEMPOE eCMmeCmBeHHbIX
ouonaamo. B xawecmee ucxoonvix oanmnvix
UCNONB30BAHBL KOCMUUECKUE CHUMKU NAAGHEl
6 denvme Jlynas. Ilpednosceno ucnonvsosamo
cucmemHnblll K0J10poOMempuveckuil napamemp,
ompaxcarowuil pamax 3Havenuil cmene-
HU GLIPOGHEHHOCMU 3HAUEHULl KOJI0POMEmMPU-
yeckux napamempog. Boidenennvie npusnaxu
n0360a10M OUCMAHUUOHHO OUAZHOCMUPOBAMD
cocmosinue OGUONPOOYKUUOHHBIX NPOUECCOB
ecmecmeennbIx duoniamo

Kmouesvie caosa: 6uonnamo, Guonpooyx-
UUOHHDLI Npouecc, 6000nNNABAIOUUE NMUUDL,
epagh ommnowenuil, Koaopomempureckue napa-
Mempol, OUCMAHUUOHHBIIL KOHMPOTL, MPAeK-
mopus cucmemol

1. Introduction

The changeability of the world that the human lives
in has been critically increasing. Climate changes, social
upheavals, results of technical progress require prompt
and adequate response. On the other hand, the progress in
computer science and mathematics enable powerful means
to provide such a response. The most important means to do
this are the methods of mathematical modeling and related
information technologies. It should be said that these means
allow us to rapidly verify the working hypotheses. To test
working hypotheses by statistical processing and analysis,
large arrays of information have been collected and software
tools have been developed.

Humanity faces the challenge of overcoming a contradic-
tion between the following two requirements. The essence of
the first of these requirements is to increase productivity of
the agrarian sector of world economy. The second one relates
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to the necessity of maintaining the factors ensuring stability
of the biosphere of our planet. These factors are linked to bio-
diversity, the sustainability of which requires maximum pres-
ervation of natural ecosystems. This, in turn, involves mini-
mizing the impact of agrotechnology on natural landscapes.

In a number of cases, these problems can be solved by us-
ing agrotechnology, some essential elements of which imply
minimal impact on natural ecosystems and landscapes.

An example of such agrotechnologies is the consumption
of natural feed by domestic waterfowls (predominantly —
ducks). The use of a natural feed base often occurs in natural
and artificial reservoirs in places inhabited by waterfowls’
wild relatives. Such reservoirs are often used for fish farm-
ing, melioration and for other purposes [1].

It should be said that this approach also has negative
aspects, in particular, related to the emergence of new prob-
lems of biosecurity and biosafety. It is the increasing risk of
disease spreading — both birds and people. As an example,




“avian influenza” (Grippus avium) [2] can be named. In this
case, the use of the natural feed base of waterfowls on large
areas, often in hard-to-reach terrain, does not allow us to
restrict medical treatment with the traditional methods of
veterinary medicine. It is important that in these vast and
hard-to-reach areas not only considerable resources of the
natural forage base are present, but the factors of elimination
of the mentioned threats to biosafety are present, too. These
are the factors that provide natural self-purification of wa-
ter. Such factors include massifs of semi-submerged higher
aquatic plants (SSHAP), which have been used for a long
time for water purification in specialized structures known
as “bioplato” [3].

In the areas of terrain suitable for the household use as a
natural feed base for waterfowls, there are often the thickets
of SSHAP (reeds, rush, cattail), which can be used as nat-
ural bioplato. As an example of such area, one can refer to
plavni (flooded areas, marshy and reedy banks) that occupy
significant areas, access to which is difficult both from water
and from land.

In some extreme situations, natural bioplato can be use-
ful in overcoming serious threats to biosafety. Biosafety of
drinking and other kinds of water consumption are meant
here. The causes of these threats can be the destruction of
sewerage and water treatment systems, as well as destruction
of storages of harmful and toxic substances. These destruc-
tions may happen as a result of technogenic and natural
disasters. In addition, biosafety threats can arise as a result
of the untreated consumer wastewaters penetration into
reservoirs. Pollution of the sources of water consumption
create conditions for the development of pathogenic agents
of dangerous infectious diseases.

In such extreme situations, there may not be enough time
to construct a bioplato. In places of breeding of waterfowl,
massifs of SSHAP can be used as a natural bioplato. In
places where domestic waterfowls use a natural feed base,
the same SSHAP massifs can be used for their wild relatives.

An important aspect of the selection of these massifs
is the use of information on the nature of bioproduction
processes occurring in them. The ratio of production and
destruction of organic matter is of key importance. The
predominance of photosynthetic products over degradation
contributes to the absorption of pollution agents in water. At
the same time, secondary water pollution is prevented due to
dying off and subsequent decomposition of SSHAP biomass.

In the extreme situations in question, it is advisable to
use remote (aerospace) methods to collect information on
the nature of bioproduction processes. This is determined,
in particular, by the following two factors. The first factor is
the high probability of location of SSHAP massifs over large
areas. The areas of these territories can be difficult to access
from water or land. This factor is also important in normal
situations when selecting SSHAP massifs. For example, when
choosing a place to be used by waterfowls as a natural feed
base in a water reservoir. The second factor is important only
in extreme situations. This factor is an acute shortage of time
for gathering of information necessary for making decisions.

Depending on the situation, a wide range of remote
methods can be applied: from digital photography from
aboard the light remotely piloted aircrafts (RPA) to the use
of space photographs.

There are a number of factors that make it extremely
urgent to control and correct the state of bioproduction
processes in natural plant communities. These are global

climate changes, critical level of human activity impact on
nature, the high level of risks of technogenic disasters and
even terrorist acts that create biosafety threats. Natural
plant communities represent a factor that in many cases re-
duces the risks of such threats. The possibility of realization
of this positive role of plant communities depends to a large
extent on the nature of the bioproduction processes occur-
ring in them. The same applies to SSHAP massifs, which
act as natural bioplato and thus reduce the risks of biosafety
threats from different types of water consumption.

The scale of these risks makes the problem of expanding
of the arsenal of high-tech science intensive methods of con-
trolling of the nature bioproduction processes in plant com-
munities quite urgent. In this arsenal, remote (aerospace)
methods become increasingly important. These methods
include, in particular, the analysis of earth’s surface space
photographs using vegetative indices [4].

Values of vegetative indices are determined by the
results of measurements of the spectral parameters of veg-
etation. Spectral parameters are complemented by other
parameters to correct the distortions, occurring due to the
physical conditions of the survey [5, 6].

Methods and means for processing the images of the
earth’s surface make it possible to obtain information on the
state of plant communities directly at the time of registra-
tion for the use of vegetative indices. But to solve a number
of problems of ensuring biosafety, it is necessary to forecast
the dynamics of the state of bioproduction processes in
plant communities. There is a need in approaches that allow
remote registration of systemic and dynamic aspects of bio-
production processes in plant communities. Such approaches
can be implemented using mathematical models of the dy-
namics of biological systems.

For informational support of decision-making on con-
trol and correction of the functioning of natural bioplato,
methods of mathematical modeling with wide capabilities
are required. These are the methods that allow a formalized
description of the dynamics of the system being modeled.
In this case, the actual material does not always reflect the
dynamics of the simulated system in real time. Thus, a meth-
od is needed that will play the role of a tool for forming the
working hypotheses. These working hypotheses relate to the
form of the original vegetative indices, their effectiveness is
verified during processing of images of the SSHAP massifs.

2. Literature review and problem statement

To obtain information on the dynamic and systemic
parameters of the state of bioproduction processes in plant
communities, a wide arsenal of methods of mathematical
processing is used. Basically, these are the same methods
that are used to analyze other living systems. The following
examples of application of these methods can be given.

Models of the differential equation in quotient derivative
are used to study the dynamics of gene regulation through
SAM (stem apical meristems) [7]. To study the dynamics of
natural and artificial systems (physiological, economic, trans-
port) models of data such as time series are used. As an exam-
ple, the use of a moving average for the analysis of time series
[8]. Analysis of the dynamic aspects of such systems is of great
importance due to the problem of preserving of their homeo-
stasis. To solve this problem, trend models have been used [9].
The initial data for all methods are sequences of observations



(in terms of a scalar or vector parameter), ordered by time. Al-
though variable temporal lags are provided for some models,
the sequence of observations should be preserved.

Mathematical modeling of hydrobiocenosis is the most
knowledge-intensive aspect of monitoring of large lakes.
These lakes are often the most important source of fresh
water for large areas. Under conditions of global warming,
this source may be threatened by the loss of stability of hy-
drobiocenosis [10].

Mathematical methods of ecosystems description are used
to determine the risk of such a threat to biosafety as the massive
development of blue-green algae in drinking reservoirs [11].

For the mathematical description of the dynamics of states
of different plant communities, the initial data, such as vege-
tative indices, must be ordered by time. Remote (aerospace)
methods are widely used to obtain this information. The fol-
lowing examples of the use of vegetation indices can be cited.

In paper [12], vegetative indices were used for the remote
study of the condition of conifers using narrow-band meth-
ods for determining the spectral characteristics of forest
tracts. Similar methods were used in article [13] to study
bioproduction processes in leaves. Such methods involve the
use of expensive equipment, in addition, the description of
the dynamics requires a series of measurements over some
period of time.

In paper [14], as in the above studies, the spectral re-
sponses of desert trees were investigated. The obtained
results create prerequisites for obtaining information on the
nature of bioproduction processes by remote methods. In
this case, it is important that this concerns large, inacces-
sible territories, in which the effects of global warming can
manifest themselves dramatically.

Article [15] describes a large arsenal of means for remote
registration of the nature of bioproduction processes in cy-
anobacterial communities. A possibility of the emergence of
strains of these organisms that are more toxic than the known
ones is a serious threat to the biosafety of drinking water
supply [11], make it possible to describe the nature of biopro-
duction processes for a wide variety of plant communities.
However, for their implementation, specific, relatively expen-
sive equipment, which can measure in narrow bands of the
spectrum, is needed. In addition, the application of the con-
sidered methods for describing dynamic aspects requires the
existence of initial factual material that reflects the sequence
of states of the system under study in real time. This creates
serious financial and organizational problems with increasing
a scale of application of these methods. Global warming and
increasing human pressure on nature may create situations in
which this increase in scale will be necessary.

The specified problems can be solved using mathematical
methods, which allow to get a formalized description of the
dynamics of the system under study based on actual materi-
al that does not directly reflect this dynamics in real time.
Such a possibility is provided by the method of discrete mod-
eling of dynamical systems (DMDS), which is already being
used to study the structure of connections and dynamics of
systems of very different nature [16, 17].

In a number of cases, the use of DMDS makes it possible
to describe the dynamics of the system based on only one
image, which registers the state of the system only at one
point in time. Such a possibility is given by a technique that
received the working name of resynchronization [18]. The
use of resynchronization is based on a premise that states
of different parts of the system under study change within

a single cycle, but at the moment of registration of these
states they can correspond to different phases of this cycle.
Conditional steps over time of the idealized trajectory of the
system (ITS) correspond to different phases of the cycle.
From a practical point of view, it is important that this
model can be built on the basis of a computer analysis of
components of RGB model of the image of the plant com-
munity [19], which is an advantage over using other known
vegetative indices. The roles of different parts of the system
are played by different sections of the SSHAP massif. This
makes it possible to use as a source of the original factual
material space images of the earth’s surface that are freely
available or digital photographs taken from aboard light
RPAs. Such possibility reduces financial costs of obtaining
the original factual information. The possibilities of obtain-
ing large volumes of initial factual information also increase.
Accordingly, the opportunities for the development of new,
simpler to implement, vegetation indices also increase.
Consequently, it is expedient to use DMDS for the
tasks of remote determination of the state of bioproduction
processes in natural bioplato. At the first stage of the study,
models of the dynamics of colorimetric parameters of images
of natural bioplato with the help of DM DS will be construct-
ed. The obtained models will help to formulate working
hypotheses concerning the procedure of calculating the val-
ues of new vegetation indices. The role of these indices will
be performed by systemic colorimetric parameters (SCP),
which express certain relationships between the primary col-
orimetric parameters. Primary colorimetric parameters can
be obtained from a computer analysis of the components of
RGB model of the image of the plant community. At the sec-
ond stage of the study, the working hypotheses formulated
at the first stage are checked by image processing using the
appropriate SCP. Initially, reference images that represent
obviously different states of bioproduction processes in nat-
ural bioplato are processed. Diagnosis and prediction of the
state of bioproduction processes is carried out by comparing
the images of the diagnosed objects with reference images.

3. The study objectives and tasks

The objective of present work is to model colorimetric
parameters of images of the SSHAP massifs in the breeding
areas of waterfowls. This will make it possible to determine
the structure of SCP, the changes in the ratios of which will
signal the impending change in the states of production of
live and in the accumulation of dead biomass, leading to
second ary water pollution. The ability to remotely deter-
mine such SPCs optimizes control over the state of natural
bioplato and over efficiency of water purification.

To achieve the set objective, the following tasks had to
be solved:

— to process reference space images of the plavni in the
mouth of the Danube by the method based on the results of
modeling the structure and dynamics of the ratios of colori-
metric parameters using DMDS;

—to conduct structural and parametric modeling of the
systemic colorimetric parameter reflecting the nature of the
bioproduction processes of plant communities;

— to compare results of the processing of space images
of the plavni at different periods of the vegetative season
under the corresponding conditions of bioproduction pro-
cesses in SSHAP.



4. Materials and methods to study the character of
relation of systemic colorimetric parameters of
natural bioplato

The possibilities of predicting a change in the char-
acter of bioproduction processes in SSHAP massif was
investigated using cosmic images of the plavni in the
mouth of the Danube [20]. A working hypothesis based on
the previously obtained results of modeling the structure
of relations and dynamics of colorimetric parameters of
cultivated plants crops using DM DS was used to process
the images [19]. In accordance with this hypothesis, the
dynamics of the relations of plant pigments in similar
phytocenosis must have some features of the Margalef’s
succession model. It is a question of the ratios of chloro-
phyll and yellow-red pigments, which correspond to the
brightness ratios of the green and yellow-red parts of the
visible spectral range in the images of SSHAP massifs. It
follows from this, in particular, that different values of the
colorimetric parameters may correspond to the different
character of these bioproduction processes. The use of
analogies with the Margalef’s succession model implies
the use of systemic colorimetric parameters (SCPs) that
reflect certain relationships between bioproductivity and
biodiversity. The prospect of using the analogies of the
Margalef’s succession model for the development of re-
mote methods of nature bioproduction processes control
in plant communities has been previously shown [21] on
the material of crops of cultivated plants.

Within the framework of the present paper, an analogy
with the Margalef’s succession model was also used to
find SPCs suitable for determining the state of natural
bioplato. With the help of DMDS, relationship matrices,
relationship graphs and idealized trajectories of the sys-
tem (ITS) of relations of colorimetric parameters (CP)
were constructed. As a reference, a space photograph of
the plavni in the mouth of the river Danube, shown in Fig.
1, was used. The picture was taken in June 2014, in the
middle of the vegetative period, when the bioproduction
processes in SSHAP massifs are characterized by high
intensity and marked predominance of the products over
degradation. As indicated above, this state of SSHAP
massif provides a high intensity of biological water puri-
fication processes. This condition also minimizes the risk
of secondary water pollution — as a result of dying off and
decomposition of SSHAP biomass.

a b

Fig. 1. Reference image of the selected section of the Danube plavni,

taken on June 6, 2014: a — unprocessed image; b — processed image;

¢ — the scale of conditional colors corresponding to certain values of
the mean quadratic deviation of index C

Based on an analysis of the type of matrices obtained
and the relationship graphs, a working hypothesis was con-
structed relative to the type of mathematical expression,
which describes a relationship between the colorimetric
parameters of SSHAP massifs reflecting the character of
bioproduction processes. This hypothesis was verified with
the help of analysis of space photographs of the plavni [20].
Results of the processing of space photographs of the plavni
at different periods of the vegetative season were compared
with the corresponding states of bioproduction processes in
SSHAP. Diagnosis of these conditions is necessary for the
timely implementation of measures to remove biomass of
SSHAP, which can cause secondary water pollution.

While modeling the dynamics of colorimetric parameters
of massifs of SSHAP with the help of DMDS, the method
of resynchronization was used [18]. The use of resynchro-
nization implies a change in the state of different parts of
the system under study (different parts of the registered
SSHAP massif in the plavni at the same time in a space pho-
tograph) within the same cycle. However, at the moment of
registration (digital photography) of these states, they can
correspond to different phases of this cycle.

5. Modeling the character of relation of colorimetric
parameters of natural bioplato

At the first stage of the work, matrices and graphs of rela-
tions were constructed, as well as I'TS reflecting the structure
of relations and dynamics of colorimetric parameters. The ma-
trices were constructed using DMDS and resynchronization
based on the material presented in Fig. 1, the reference image
of a SSHAP massif. The colorimetric parameters expressed
by the relations of elements of the RGB model and associated
with certain aspects of the bioproduction processes were:

G/(R+G+B) — a parameter reflecting the amount of
green pigment of chlorophyll, which affects the level of pho-
tosynthetic products;

R/(R+G+B) — a parameter reflecting the amount of or-
ange-red pigments, the increase in values of which can be con-
sidered as a sign of growth in the dead plant biomass system;

G/(R+G) — a parameter reflecting the ratio of the amount
of chlorophyll to the total amount of different plant pigments,
associated with the balance of young biomass carrying out
active photosynthesis and with the old, dying-off biomass;

R/G — a parameter reflecting, sim-
ilar to the “yellow-green index” of the
16 ¥1¢ Margalef’s succession model, the bio-

" chemical pigmented diversity of the
system,

12 R, G and B — are the average of

10 the red, green, and blue values of the

elements of a pixel in the digital im-
age selected for processing.

6 As a result of the performed anal-
4 ysis, two variants of the matrices of
the ratios of the above colorimetric pa-
rameters were constructed, which are
presented in Table 1, 2. For each of the
matrices, the graphs of relations were
created shown in Fig. 2, 3. To reflect
the dynamics of changes in the values
of colorimetric parameters, ITS were
constructed, presented in Table 3, 4.



Table 1

First variant of the matrix of ratios of
colorimetric parameters

iﬁ;ﬁffgf R/(R+G+B) | G/(R+G+B) | G/(R+G) | R/(G)
R/(R+G+B) [0; 0] [+ -] -1 | [0;0]
G/(R+G+B) [+ -] [0; 0] [0; 0] [0; 0]
G/(R*+G) [ -] [0; 0] [0;0] | [ +]
R/A(G) [0; 0] [0; 0] [ +] [0; 0]
Table 2

Second variant of the matrix of ratios of
colorimetric parameters

weakening deviations contours (WDC) that are present in
the graphs. In both variants of the relation graph, there are
WDCs based on the “plus-minus” relations. These WDCs
connect the parameters G/(R+G+B) and R/(R+G+B). In the
graph shown in Fig. 2, ADC is formed by the “minus-minus”
relations between the parameters R/(R+G+B) and G/(R+G).
In the graph shown in Fig. 3 ADC is formed by relations
of the same type between the parameters G/(R+G+B) and
R/G. The presence of WDC weakens the destabilizing effect
of ADC. Also, both variants of the relation graphs include
WDCs functioning due to the “plus-minus” relations between
the parameters G/(R+G) and R/G.

Table 3
First variant of idealized trajectory of the system

An analysis of the structure of the ratio matrices
(Table 1, 2) indicates the significant role of the “plus-mi-
nus” relations between the parameters G/(R+G+B) and
R/(R+G+B) in maintaining the homeostasis of the ref-
erence SSHAP massif. This allows us to make the first
step in forming a working hypothesis regarding the type
of expression for the calculation of SCP. In the first step,
it is proposed to use mathematical expressions for the
“plus-minus” relations between the values of the parame-
ters G/(R+G+B) and R/(R+G+B). Registering the values
of the proposed SCP makes it possible to highlight the
sections of SSHAP with a different character of biopro-
duction processes.

R/(R+G+B) G/(R+G+B)

OO

®O
H U

G/(R+G) R/

Fig. 2. First variant of the relation graph of colorimetric
parameters. Red arrow — direct relationship between the
parameters, green — reverse one

®
R/(R+G+B) P4 G/(R+G+B)
N\
©
G/(R+G) P R/G
o/

Fig. 3. Second variant of the relation graph of colorimetric
parameters. Red arrow — direct relationship between the
parameters, green — reverse one

An analysis of the structure of relation graphs shown in
Fig. 2, 3 allows us to confirm and lay out the specifics of the
proposed assumption. In the course of analysis, it is neces-
sary to highlight amplifying deviations contours (ADC) and

Cp(;llf;rrﬁrclfctgc R/R+G+B)| G/(R*G*B) | G/(R+G) | R/(G) Colorimetric Conditional time steps
R/(R+G+B) [0; 0] [+ -] [0:0] | [0;0] parameters | 4 | 9 | 3| 4| 5(6|7|8[9]10[11]12
G/(R+G+B) [+; -] [0; 0] [0;0] | [=-] R/AR+G+B) |1 [ 1|1 |1]1]|2]3]3|3]2]|1]1
C/R+G) 10: 01 10; 0] [0:0] | [5-1) |cur+G+B)|3|3|3[3|3|3[3|2]1|1]1]2
RAG) 10:0] el -1 | 100 G/R+G) [3[3[3]2|t|t|t]t]1]|1|1]2
RAG) |3|2(1|t]|1]|2]3|3[3|3]|3]|3

Table 4

Second variant of idealized trajectory of the system

Colorimetric Conditional time steps

parameters | 4 | o | 3| 4015|6718 19l10/11]12

R/R+G+B) |3 |2 |1|1|1]2|3|3|3]|3|3]3

G/R+G+B) [ 3 |3 |32ttt |t]1|t]1]2

G/(R+G) [3 3|33 |3 |3 |3|2|1]|1]1]2

RAG) |1 |t]1|t]1|1]3|3]3|2]1]1

Results of the performed analysis show that it is prefera-
ble to use a mathematical expression describing relations of
the parameters G/(R+G+B) and R/(R+G+B) as SCP. The
“plus-minus” relations connecting them, for example, in the
case of the “predator-prey” Lotka-Volterra model [16], imply
the alternation of the maxima of the values of the compo-
nents of the system connected by these relations. In the
framework of the problem under consideration, the degree
of proximity or remoteness of these maxima is important,
which affects the magnitude of the spread of the values of
the ratio of the corresponding parameters. The “plus-mi-
nus” relations between the parameters G/(R+G+B) and
R/(R+G+B), which support the homeostasis of the system,
are superimposed on other intercomponent relations forming
ADC that act against the homeostasis. To detail the charac-
ter of dynamics and determine the degree of convergence of
the maximum values of these parameters, the shape of both
variants of the ITS presented in Table 3,4 has been analyzed.
In both versions of ITS, there is a significant degree of mutu-
al remoteness of the maxima of the values of the majority of
CPs (with the exception of the parameters G/(R+G+B) and
G/(R+G) used in mathematical modeling).

Such a significant degree of mutual remoteness of the
maxima of the CP values gives certain grounds for supple-
menting the working hypothesis with the provision on that



the value of Shannon index (H), calculated using formu-
la (1), can be used as SCP:

k
H=-% P log,P, €)
i=1

where P, is the share of the i-th colorimetric parameter value
in the total value of all colorimetric parameters; & is the num-
ber of colorimetric parameters.

By analogy with the Margalef’s succession model [20],
considerable mutual remoteness of the CP maxima can be
used as a diagnostic attribute of the character of bioproduc-
tion processes in the community of SSHAP. In this case, low
values of the Shannon index can serve as an expression for
the considerable mutual remoteness of the maxima.

However, the differences in the dimensionality of CP
used can create difficulties that reduce the attractiveness of
this approach to the formation of SCP. In addition, the most
noticeable remoteness of the maxima is the most pronounced
in two pairs of characteristics, and the use of Shannon index
to determine the degree of alignment in a pair of attributes
looks as an unjustified complication.

The close dimensionality of CP used stipulates the choice
of creating a formalized description of the relation of the val-
ues of the parameters G/(R+G+B) and R/(R+G+B), for ex-
ample, the degree of their alignment. An analysis of Table 3, 4
indicates the presence of maximally wide set (expressed in
imaginary points) of the degree of equalization of the values of
these CPs in both versions of ITS. Therefore, the mathemat-
ical expression for the calculation of SCP should reflect the
range of the values of the alignment degree of the values of the
parameters G/(R+G+B) and R/(R+G+B).

The values of this magnitude, which performs the role of
SCP, can be marked on different parts of the image of a SSHAP
massif by the corresponding conditional colors. The analysis of
the digital photos processed in this way will provide informa-
tion on the distribution in space and time of different states of
bioproduction processes in the SSHAP massifs.

In accordance with the hypothesis formulated at the first
stage of the work, at the second stage, the values of the mean
quadratic deviation of the values of index C, determined
from formula (2), were used as SCP:

c-IR=Cl : 2)

R+G+B
where R, G, B, respectively, are the percentage of red, green
and blue pixel elements.

As a result of conducting the second stage of present
work, we obtained processed images of the plavni areas,
which can be used as natural bioplato for eliminating bio-
safety threats. When processing the images, their sections
were marked with conditional colors corresponding to the
mean quadratic deviation of the values of index C (Fig. 1, ¢).

Photographs of the same section of the Danube plavni
were selected for processing during vegetative season. The
images obviously differ by the character of ratio of the pro-
cesses of photosynthetic production, the accumulation of
dead biomass and its destruction.

The images taken in June (Fig. 1), March (Fig. 4), Au-
gust (Fig. 5) and September (Fig. 6, 7), 2014 were processed.

Comparison of unprocessed images does not allow us to
clearly register the indicated change in states. In the pro-
cessed images, it is very much pronounced.

a b

Fig. 4. Reference image of the section of the Danube plavni
taken on March 11, 2014: @ — unprocessed image;
b — processed image

|
N
@)
-y
a b

Fig. 5. Image of the section of the Danube plavni taken on
August 25, 2014: a — unprocessed image;
b — processed image

a b

Fig. 6. Image of the section of the Danube plavni taken on
September 10, 2014: @ — unprocessed image;
b — processed image

Fig. 7. Unprocessed image of the section of
the Danube plavni taken on September 19, 2014

6. Discussion of results of modeling the character of ratio
of the colorimetric parameters of natural bioplato

Differences in the values of SCP found when comparing
the processed images taken at different periods of the vegeta-
tive season are due to the differences in the character of ratio
between the production of live and the accumulation of dead
biomass of SSHAP.




In June, in the middle of the vegetative season, the
processes of accumulation of living plant biomass are most
pronounced. These processes ensure the purification of wa-
ter. Therefore, the processing of the reference image taken in
June (Fig. 1) allows us to find the attributes of period with
the maximum intensity of water purification.

In March, a large amount of dead biomass is accumulated
in the plant community. This creates prerequisites for sec-
ondary water contamination as a result of the decomposition
of this biomass. The processing of the reference image taken
in March 2016 (Fig. 4) allows us to find the attributes of
period with the maximum risk of secondary water pollution.

As aresult of comparison of Fig. 1, 4 it was found that the
greater degree of the photosynthetic production processes
corresponds to a greater variety of the mean square devia-
tion of index C.

This result allows us to formulate another working
hypothesis on that the distribution of values of the mean
square deviation of the values of index C makes it possible to
remotely diagnose the state of the bioproduction processes in
a SSHAP massif. Such an analysis may include comparison
with the processed images of any reference plant commu-
nities and the stages of their functioning. A comparison
of the images shown in Fig. 5-7 confirms given working
hypothesis.

A change in the state of SSHAP massif registered in
Fig. 5, a and Fig. 6, a corresponds to the processes occurring
at the end of the vegetative season. During this period, the
production of living plant biomass is replaced with the ac-
cumulation of dead biomass. Removing dead biomass from
temporary bioplato is a prerequisite for preventing the threat
of secondary water pollution.

The difference in the character of processed images
(Fig. 1, b, Fig. 4, b, Fig. 5, b, Fig. 6, b) allows us to register
existence of a tendency toward the accumulation of dead
plant biomass. The further development of this trend is
shown quite clearly in Fig. 7. The shift of the colorimetric
parameters towards the red component, characteristic for
the dying off plant biomass, is seen in Fig. 7 even without
processing. Image processing (Fig. 6) makes it possible to
register this shift a week earlier, which is an undoubted ad-
vantage when operating temporary natural bioplato.

However, it should be noted that present work employed
only one possible approach to solving the problem, using
the results of a formalized description of the structure of
relations and the dynamics of comparatively simple mea-
sured colorimetric parameters of the phytocenosis. The use
of index C, in comparison with known vegetative indices,

implies a certain roughening of the resulting relations of
plant pigments. Nevertheless, the possibility of determining
the vegetative period of the bioplato only according to the
RGB model of its image is a confirmation of the expediency
of further research in this field.

The obtained results testify to the prospects of the
presented approach in the development of methods and
information systems that allow determining the state of
bioproduction processes in communities of semi-submerged
higher aquatic plants by aerospace methods.

The capability to remotely diagnose the state of natural
bioplato significantly improves the effectiveness of biosecu-
rity strategies for both drinking and other type of water use.
This is especially true under extreme situations and for the
implementation of certain types of agricultural technology.
An example of such agrotechnology is the breeding of water-
fowls with the use of a natural feed base of water reservoirs
and watercourses.

7. Conclusions

1. By using DMDS, the reference space photographs
of the plavni in the mouth of the Danube were processed.
Matrices and graphs of intercomponent relations were con-
structed to analyze the structure of the ratios of colorimetric
parameters. To analyze the dynamics of ratios of colorimetric
parameters, idealized trajectories of the analyzed biosystems
were constructed.

2. As a result of structural parametric modeling, the
values of the mean square deviation of the values of index C,
which reflects the range of the alignment level of the values
of the parameters G/(R+G+B) and R/(R+G+B), were pro-
posed as SCP. The chosen structure of the index C is due to
the presence of a unique inverse relationship between the
parameters G/(R+G+B) and R/(R+G+B) in each of the
possible matrixes of ratios of colorimetric parameters.

3. A comparison of results of the processing of space
photographs of the plavni in the mouth of river Danube,
reflecting the various bioproduction processes of plant com-
munities, made it possible to identify features of a risk of
secondary water pollution. It was found that the high values
of the proposed SCP (exceeding 10,000) indicate the intensi-
ty of photosynthetic production processes. Low values of the
mean square deviation of values of index C are the markers
of the destruction of biomass. The identified attributes allow
remote diagnosis of the state of natural bioplato and enable
timely response to emerging threats to biosafety of water use.
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