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The work is devoted to the «neural network-1bp» method of processing satellite images of multispectral water
coastal systems for identification of phytoplankton populations of spotted structure: determination of their
boundaries, distribution of color gradations and, based on this, determination of the distribution of
phytoplankton concentrations inside the spots and the location of the center of mass. The efficiency and
effectiveness of the proposed neural network-lbp method is investigated in comparison with the method based
on the use of a three-layer neural network. For the analysis, a test set of images is involved — flat shapes with
rather complex boundaries, which will allow us to quantify the quality of the algorithms being compared. The
results of the work show an increase in recognition accuracy by 1.5-3% when using the proposed method.

Keywords: mathematical modeling, local binary patterns, neural network, shallow water reservoir, satellite
sensing data.

Introduction. Phytoplankton populations are the basis of marine trophic pyramids, including
coastal and ocean systems, according to the source [1]. In moderate concentrations, many types of
plankton are necessary for the sustainable development of the trophic pyramid of the coastal or marine
system. With its lack, degradation of the aquatic ecosystem is possible, and with their sharp growth
caused, for example, by a significant increase in the volume of incoming nutrients — nitrogen
compounds, phosphorus, silicon, etc. — blooming of the reservoir occurs, with the formation of
oxygen deficiency zones — hypoxia zones. For various water areas, including the Azov Sea, the
problem of blooming is very acute [2].

The task of monitoring the water surface in order to detect phytoplankton «spots» involves
the creation and verification of effective methods for clustering these objects on the surface of
reservoirs, in particular, restoring their boundaries based on remote sensing data. The article uses
multispectral satellite images as sounding data. Based on the obtained images of plankton
populations, the initial conditions for mathematical models of biogeochemical cycles can be
determined, on the basis of which prognostic calculations are performed. Research in the field of
processing and assimilation of space sensing data of marine systems has been carried out by groups
of researchers in Russia over the past 30 years (Marchuk G.lI. [3], Dymnikov V.P. [4], Shutyaev V.P.
[5-7], Parmuzin E.l. [6-7], Agoshkov V.I. [7]. Sukhinov A.l. [8-13], Nikitina A.V. [1, 8-9, 11],
Chistyakov A.E. [9-11], Bondur V.G. [14-17]).

* The research was supported by the Russian Science Foundation (project 20-01-00421).
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2. The research problem. Currently, the available satellite groupings make it possible to
obtain sensing data for most of the Earth's surface and transmit remote sensing data in real time. As
an example, Figure 1 shows color-synthesized multispectral images obtained from the satellites
WorldView [18], Canopus-B [19] and Sentinel-2 L2A [20], in July-August 2020 for the eastern part
of the Azov Sea. The image illustrates the distribution of blue-green plankton populations forming
stable structures under the influence of circulation-type currents (the so-called S-flow structures)

Fig. 1. The impurities distribution with the known coordinates: satellite WorldView;
Canopus-B; Sentinel-2L 2A

The method is used, which is a sequential application of the neural network approach and the
LBP algorithm for image contour reconstruction, which will be further referred to as «neural network-
Ibp» for brevity as a software implementation of the image processing algorithm.

The neural network-Ibp method is described in detail in the source [2] and implemented by an
algorithm (Fig. 2), which allows determining the boundaries of phytoplankton populations of a
spotted structure, the distribution of color gradations and, based on this, determining the distribution
of phytoplankton concentrations inside the spots and the location of the center of mass. These
characteristics make it possible, having a series of processed images of the same water area for
different time points (dates), to determine the rate of change in the boundaries of spots and their
concentrations, the displacement of the center of mass due to the influence of the movement of the
aquatic environment and the processes of growth-death of phytoplankton.

Results. The efficiency and effectiveness of the proposed «neural network-lbp» method is
investigated in comparison with the method based on the use of a three-layer neural network
(hereinafter referred to as the neural network). For the analysis, a test set of images is involved — flat
shapes with rather complex boundaries, which will allow us to quantify the quality of the algorithms
being compared.

The comparison tool uses an array of the scipy.misc Python library [21-22], which performs
quantitative assessment of image matrices, in the case of the algorithms being compared, and
calculates the norms of their difference.

The scipy.misc library allows you to evaluate the similarity of consecutive frames by



VOL. 1. Ne 2 / 2022

converting them into sequences of grayscale pixels. The distance between two consecutive frames is
measured. The distance on the histograms of two frames is calculated by the formula:

. i
d(p.a)=3 p(i)log 22 @
i q(i)
where p(i) and q(i) are the values of the components of the frame histograms. The threshold is set at
0.2.
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Fig. 2. Algorithm of the developed program

Based on neural network training using shades of green, which act as biological indicators of
the Azov Sea for tests, then an image with the appropriate shade of green is used. The first test figure
is the Maltese cross, which has a complex shape due to the presence of sharp corners. Considering
that real images may have backgrounds of different origins, which affects the probability of correct
recognition of the boundaries of the tested shapes. Figure 3a shows image without background, and
Figure 3b with background.
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a) b)
Fig. 3. Test figure with sharp and rounded corners:
a) The figure «Maltese cross» on white background
b) The figure «Maltese cross» on dark brown-green background

Fig. 4 shows the computer experiment result with image without background. Fig. 5 shows the

computer experiment result with image with background. Judging by the appearance, both contours
correspond quite well to the original. We will conduct quantitative assessment of this correspondence.

N
/a)

/b)

Fig. 4. The result of the program, in the absence of background:
a) The contour of the figure created by the neural network algorithm
b) The contour of the figure created by the algorithm «neural network-lbp»

a)
Fig. 5. The result of the program with background:

a) The contour of the figure created by the neural network algorithm
b) The contour of the figure created by the algorithm «neural network-1bp»

b)

Fig. 3 shows an image from the library with an absolute match (accuracy — 100%), since this
image serves as a reference. The results of the evaluation of the proximity of images for the case of
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the absence of a background: when using a neural network algorithm — 96.1%, for the algorithm
«neural network-Ibp» — 96.21%.

It can be concluded that in the absence of a background, both algorithms demonstrate similar
results. However, if there is a background, the result is completely different. Therefore, due to the
proximity of the indicators in the absence of a background and the fact that real images with
backgrounds of different origins were used in further work, subsequent test figures are considered
only with a background.

With the complication of the boundaries of the image of the test figure (Fig. 6), as a result, the
neural network indicators, Fig. 7a, — 80.1%, and the algorithm «neural network-lbp», Fig. 7b, —
83.44%.

Fig. 6. Complicated test figure

\

AN

a) b)
Fig. 7. The result of the program:
a) The contour of the figure created by the neural network algorithm
b) The contour of the figure created by the algorithm «neural network-Ibp»

If we add images of figures and various shades of green as backgrounds (Fig. 8) found in real
satellite images, the following recognition quality results are obtained: for the neural network
algorithm, — 97.22% (Fig. 9a); for the algorithm «neural network-lbp» (Fig. 9b) — 98.78%.
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Fig. 9. The result of the program:
a) The contour of the figure created by the neural network algorithm
b) The contour of the figure created by the algorithm «neural network-lbp»

The available experimental results demonstrate the advantage in accuracy of the neural
network-1bp algorithm compared to the algorithm based on the use of a three-layer neural network.

Additional confirmation of the obtained conclusions is demonstrated when processing satellite
images of the eastern part of the Azov Sea, the calculation of the image of the water area was made
provided that the flowering area was selected in advance (Fig. 10), the image obtained for July 4,
2020. Fig. 11 and 12 demonstrate the results of the selection of the contours of the regions
(boundaries) by the neural network (92.7%) and the algorithm «neural network-lbp» (94.19%),
respectively.
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Fig 12. Working with the «neural network-lbp» algorithm

The results obtained from a series of images (for July 4, 2020, August 6, 2020, August 16,
2020, August 18 and August 31, 2020) allow us to show a comparison of the recognition results of
the contours (borders) of the regions, (Fig.13.)
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Fig. 13. Recognition results comparison of regions contours (borders)

Discussion and conclusions. Thus, computer experiments have proved the effectiveness of
the «neural network-1bp» method for recognizing objects consisting of curved contours. The method
is characterized by high detail and sharpness of the boundaries. Recognition accuracy increases by

1.5-3%.
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CPABHUTEJIBHOE UCCJEJOBAHUE HEMPOHHBIX U JIOKAJIBHO-
BUHAPHBIX AJITOPUTMOB UJIEHTU®UKAIIUU U3OBPAKEHUI
IJIAHKTOHHBIX IOy

A.N. Cyxunos, H.Jl. ITanacenko

JIOHCKOM TOCyIapCTBEHHBIM TEXHUYECKUN yHUBEpCUTET, PocToB-Ha-/{ony, Pocculickas ®enepanus

™ natalija93_93@mail.ru

Pabora mocBsieHa MeTony «HeWpoceTh-l1bp» 00pabOTKH CIYTHUKOBBIX CHHMKOB BOJHBIX TPHUOPEKHBIX
CHCTEM MHOTOCIICKTPIBHONW ChEMKH [UIsl HWACHTHU(PUKAUUM (UTOIUIAHKTOHHBIX MOMYJSLUUHA HSTHUCTON
CTPYKTYpBL: OTIpENENCHUs UX TPaHUIl, PacHpeAeieHus rpajalnii IBeTa ¥ Ha OCHOBE 3TOTO — OMpeAeIICHUe
pacrpeneneHus KOHIEHTpauuid (UTOINIAHKTOHA BHYTPH MIATEH U PACHOJIOXKEHUs LeHTpa macc. Mccnenyercs
paboTtocrmocoO6HOCTh U 3(h(PEKTHBHOCTH MPEIOKEHHOTO METO/Ia «HeHpoceTh-1bpy B cpaBHEHHUH C METOJIOM,
0a3upyIOMMCS Ha UCIOJIb30BAHUN TPEXCIIONHON HEHpPOHHOH ceTu. J[s aHamm3a NMpPUBJICKASTCS TECTOBBIN
HA00Op M300paKEHUIN —IIIIOCKUX (UTYD C TOCTATOYHO CJIOKHBIMU FPAHUIIAMH, YTO IMO3BOJIUT KOJIHMYECTBECHHO
OLIGHUTH KaueCTBO CPABHUBAEMbIX aJrOPUTMOB. Pe3ynpTaTsl pabOThl MOKA3bIBAIOT BO3pPAcTaHHE TOUYHOCTH
pacno3naBanud Ha 1,5-3 % npu mpUMeHEHUH MPEAI0oKEHHOT0 METOAA.

KiroueBble cjioBa: MaTeMaTHYECKOE MOJICIMPOBAHUE, JIOKAIbHBIC OWHAPHBIC IIA0JIOHBI, HEHPOHHAs CETh,
MEJIKOBOJTHBII BOJIOEM, TAHHBIC CITYTHUKOBOTO 30HIUPOBAHUSI.
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