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Abstract

A new information technology for plant communities monitoring using remote sensing data, oriented
for application at the regional level, is proposed. The technology is based on maintaining a base of
reference polygons, accumulating data on the boundaries of specific plant communities and related
semantic information. This database provides a source of verified and up-to-date information for solving
problems of rational nature management. To expand the database of reference polygons, two algorithms
for finding new ones are presented: a reliable algorithm (analyzing several growing seasons) and an
urgent algorithm (based on the current growing season). The advantage of the proposed system is the
integration of data storage, processing, and analysis, which enables the automation of the creation of new
and the monitoring of existing polygons, as well as the solution of a wide range of problems based on
remote sensing data and artificial intelligence algorithms. Practical tasks in studying of phytocenoses in
the Samara Region, implemented using the proposed monitoring technology, are considered: updating
forest inventory data, monitoring the status of a rare reintroduced species (Paconia Tenuifolia), searching
for new reference polygons across a vast territory of several steppe protected areas, and searching for
areas of presence of an invasive plant species (Elacagnus angustifolia L).
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Introduction

The implementation of measures of rational environmental management requires the accompaniment of data obtained
during the monitoring of plant communities (phytocenoses): forests, meadows, steppe communities, etc. [1, 2]. At high
anthropogenic transformation of landscapes, which takes place in the Samara region, natural phytocenoses are
fragmentary and can occupy small areas [3]. Their identification among anthropogenic spaces, as well as subsequent field
surveys, requires a lot of labor and time [4]. Field surveys are even more difficult when covering large areas.

In such a situation, thematic analysis of remote sensing (RS) images is an effective substitute for field studies [5].
Modern remote sensing systems allow obtaining data with various characteristics: in terms of spatial resolution, swath
width, number and spectral range of channels. For joint analysis of heterogeneous images, storage of monitoring results
in raster and vector form, and planning of future studies, it is natural to use the capabilities of modern geographic
information systems (GIS).

Machine vision algorithms used for thematic analysis of remote sensing images cannot be configured without training data.
The importance of this stage is admitted by many researchers [6, 7]. The results of field research [8, 9], the results of
interpretation of remote sensing images by experts [10], as well as historical information in the form of thematic maps [6, 11,
12] can serve as a source of training data. Of particular interest are works combining several sources of data collection, as well
as those aimed at optimizing the process of forming a training set [6, 7, 13]. The present work contributes to a rational
combination of field research and the use of artificial intelligence to solve environmental management problems.

In this paper, we describe an approach to automated monitoring of phytocenoses, carried out at the regional level. It
is based on the handling of a base of reference polygons, which accumulates verified data on the boundaries of certain
plant communities and semantic information about them. This database serves as the basis for searching for new territories
with a certain type of vegetation (both valuable and invasive), identifying and analyzing the causes of vegetation changes,
and planning environmental protection measures. Within the framework of the proposed technology, considerable
attention is paid to monitoring using satellite images. The algorithm for searching for new reference polygons based on a
series of medium-resolution multitemporal images, which does not require radiometric matching of images acquired in
different imaging conditions, is considered in detail. The results of testing the algorithm for plant communities of the
steppe zone of the Samara region in the territory of protected areas of regional importance are presented. Namely, the
algorithm for searching for new reference polygons is presented in two versions: reliable with the analysis of several
growing seasons and urgent for the current growing season.

1. Description of information technology for phytocenoses monitoring

The proposed information technology (Fig. 1) is based on the support and replenishment of a base of reference
polygons containing polygonal and point objects describing the position of homogeneous plant communities. For each
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reference polygon (or point), information on community type (woody, shrub, herbaceous), its value (valuable, invasive,
other), characterization (listing of dominant species with indication of rare and invasive plants), date of ground visit,
photos and other information is stored.

In accordance with the given scheme, GIS provides necessary data to computing blocks, as well as the storage of
intermediate and final information. If necessary, RS image is linked to the existing digital map of the territory. Based on
RS image (or the series of images) and auxiliary information (elevation model, climatic data, etc.) a set of features is
formed. The classifier is training using reference polygon data (and vector layers if necessary). The results of thematic
classification of the territory are fed to the input of the analysis block. In particular, for the task of searching for new
reference polygons, the selection of areas whose class corresponds with high confidence to the class of valuable plant
communities is performed (i.e., the features for candidates for new reference polygons correspond well to the features
within the reference polygons of the database). The new sites are then sent for verification by field surveys and, if
confirmed to be valuable and belong to a particular vegetation class, are added to the regional reference polygon database.
It is important to note that the field survey is not conducted over the entire territory, but only in localized areas, which
significantly reduces both the time and cost of the survey process.
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Fig. 1. Scheme of information technology for phytocenoses monitoring

The specific algorithmic content of the analysis block depends on both the vegetation type and the monitoring
objectives. For example, analyzing the variability of a valuable vegetation community within a reference polygon in
progress of time (e.g., NDVI variance) may indicate its degradation or change of the dominant species. An increase in the
number of points corresponding to an invasive plant species class indicates its overgrowth and suppression of natural
species. The identified mismatch between the forest inventory data and the results of forest vegetation classification shows
the loss of relevance of the reference information [12]. The found changes require closer study by ecologists, including
analysis of the causes and field visits to fix the actual state of vegetation.

The developed information technology for phytocenoses monitoring is largely universal. For its practical
implementation at the regional level, we use the assumption that the main RS data sources are medium resolution
images (5-20 meters in one pixel). In this case, the significant part of the territory of many Russian constituents can
be imaged almost simultaneously (during one spacecraft flyby). So, the imaging conditions of reference polygons
and the rest of the monitoring territory will be the same. And there is no need to adjust images with different imaging
conditions before passing them to the classification procedure. If this condition is not met, it is necessary to add an
image adjustment block.

Thus, the following conditions of the use of the information technology of monitoring can be emphasized:

1. The monitoring area and reference polygons used for a specific task are completely covered by a single-path space
imagery, i.e. they are sensed almost simultaneously. For Sentinel-2 images the width of the sensed swath is 290 km,
and the distance between the two most remote points of the Samara region is about 330 km. Thus, this condition
is feasible even considering the existence of fixed nadir imaging swathes of spacecraft (in case of the absence of
camera rotation).

2. A regional GIS is operating in the territory, within the framework of which it is possible to maintain (and expand)
a phytocenoses database in the form of a graphical layer and associated semantic data (vegetation characteristics).
The GIS is also used as a source of cartographic data required for the monitoring phases.
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3. There is a number of pre-identified or artificially created area objects ("reference polygons'") with known (verified)
vegetation characteristics on the monitoring territory.
4. The territory has the necessary transportation infrastructure. So, the final (field) study and verification of new
phytocenoses identified in the course of monitoring can be to carried out without significant costs.
The above requirements are fully satisfied by the Samara region of Russia, for which the practical (experimental) part
of the research was carried out.

2. Feature generation and vegetation classification

When developing procedures for the feature generation and natural areas classification, researchers face a number of
difficulties.

Firstly, the reflectance properties of vegetation in different spectral bands of even one spacecraft can vary greatly in
different imaging sessions — they depend on the season, weather, and imaging angle. As a result, the training of vegetation
image classification procedures has to be carried out under conditions of significant class instability (variability of the
training sample features).

Secondly, the size of training set (the number of pixels of reference polygons within a single image) may be
insufficient for the application of sophisticated neural network recognition methods working with high-dimensional
feature vectors. Therefore, it is necessary also to consider classification procedures with a small number of parameters
for training, as well as to limit the dimensionality of the feature space to avoid the effect of overfitting.

Thirdly, for the practical application of information technology, the speed of processing is important. Given the large
size of satellite images, it is advisable to use feature generation and classification algorithms with low computational
complexity.

To improve the classification quality, spectral image channels are often supplemented with synthetic components —
fields of various features that take into account statistical and/or structural features of the image in the neighborhood of
the processed pixel. Each field of synthetic features is usually formed as a result of local processing of one of the image
components according to the well-known "sliding window" scheme. Fast recursive algorithms that can efficiently
calculate various local image features, such as linear [14] or entropy [15], look promising here. However, the feasibility
of using such synthetic components is the subject of further research and is not considered in this article.

Many researchers have confirmed that the use of multi-temporal images (several images during the vegetation season
of plants) improves plant recognition because it allows to track the phenological differences between them [16, 17]. We
also use a series of images. And the spectral components of the multi-temporal images, corresponding to a pixel with the
same coordinates, are concatenated to form a single feature vector. If necessary, the PCA method (principal component
analysis) is used to reduce the dimension of the feature space while effectively representing classes in the space of spectral
features [18].

Further, the paper will mainly consider the practical implementation of the technology for searching for reference
polygons in the steppe territory of the Samara region, because it more closely reflects the accepted monitoring concept.
Images from the Sentinel-2 spacecraft were used as remote sensing images. Currently, Sentinel-2 data has practically no
competitors among medium-resolution images in terms of availability, image acquisition frequency, number and range
of spectral channels.

When searching for reference polygons in the steppe territory of the Samara region, after reducing the dimensionality
of spectral features, the feature vector was supplemented with three features of digital elevation model (DEM): elevation,
aspect and slope. Relief features play an important role in the formation of certain phytocenoses [4], so the inclusion of
these layers has a positive effect on the quality of classification. However, in conditions of a small number of reference
polygons, there is no guarantee that all plant communities will be represented on all landforms, so the practical
implementation also includes the possibility of regulating the influence of DEM layers on classification (this is discussed
in detail in [19]).

A fully connected neural network with two hidden layers was used as a classifier. The output of the network for each
considered terrain point is a vector of dimensionality equal to the number of classes, the values of which can be interpreted
as the degree of confidence in the belonging of this point to each of the classes. Consequently, the class number will be
assigned according to the maximum value of this vector (equal to vector argmaximum).

3. The search of new reference polygons

To identify new sites (candidates for new reference polygons), we propose to use one of two schemes.

The first scheme is more accurate, but requires a rather large amount of information to be processed and analyzed.
This scheme is based on the search for areas that reliably retain spectral characteristics inherent to existing reference
polygons for several years. In the conducted study, images for three consecutive years (2021-2023) were analyzed for
two areas of natural steppe vegetation. Candidates for new reference polygons were selected, most of which were
confirmed to belong to identified vegetation class by field visits.

The second scheme, described further in this paper, is designed for urgent analysis in the current vegetation season.
As is known, ground-based analysis of natural steppe vegetation should be carried out in the first half of the growing
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season (in the second half steppe vegetation dries out and distinguishing its species is difficult not only on space images,
but also during field survey). Therefore, the search for candidates for new reference polygons is carried out on the basis
of remote sensing images obtained by the current moment. This method is less accurate, but it allows to make field visits
in the current year without waiting for the end of the vegetation season. The conducted experiments allow estimating the
number of images required for vegetation classification and outlining the dates of field surveys in the current year.

It is known that the use of several remote sensing images corresponding to different stages of plant growth
increases the accuracy of their classification. However, the issue of necessary and sufficient number of images
remains open for each specific task. Modern spacecrafts (in particular, Sentinel-2 used in this work) allow receiving
images of the territory with high periodicity (every 2-3 days for Sentinel-2 for the latitude of Samara region), i.e.
for 6 months of the growing season in Samara region (April-September) it is theoretically possible to receive quite
a significant number of images. On the one hand, the use of a large number of images makes it possible to trace
changes in reflectance properties of all plants under consideration, which provides very valuable information for
analysis. On the other hand, it increases the computational complexity of the analysis, and may simply be
unattainable due to the presence of clouds on the images. In the present work, if alternatives were available, the
dates of images were chosen to cover the period of the most dynamic changes of steppe zone grassy plants (April-
June) with a frequency of once every two weeks, and once a month for the subsequent period (July-September). The
second half of the vegetation season, which is of little information for natural steppe vegetation, may be important
for the classification of other vegetation, such as woody vegetation.

This section considers the problem of determining the number of images required to classify natural steppe grassy
communities growing on the territory of two protected areas of Samara region. The proposed method can be transferred
to other plant communities.

As described in Section 2 of the current work and in [19], to determine the class of natural steppe communities, the
channels of multi-temporal remote sensing images were staked together, then the dimensionality of spectral features was
reduced using PCA. Three DEM layers (elevation, aspect and slope) were attached to the spectral features and fed to the
input of a fully-connected neural network with two hidden layers and the ability to adjust the influence of DEM layers on
classification. At the output of this network, for each point we obtain a vector of confidence C, whose values are analogous
to the probability that this point belongs to each class (after the softmax activation function). These values allow us not
only to determine the preferred class number (as the argmaximum of the C vector), but also to understand how this
solution is preferable to other possible solutions.

The research conducted for remote sensing images of 2023 was as follows. We sequentially increased the number of
multitemporal images and classified them by a neural network. In order to keep the complexity of the network (number
of layers and adjustable parameters) the same each time, the stack of image channels was processed by PCA algorithm
(with limitation of the output number of channels). For each number of images, several features were calculated based on
the classification result (confidence vectors). By analyzing these features, it is possible to select the number of images
required to solve the problem.

The following characteristics were analyzed.

1. Classification accuracy on training set ("Acc"). As can be seen (Fig. 2a), the classification accuracy increases with
increasing the number of images used. However, the percentage of image points included in the training set is
small, which is a peculiarity of the considered task. Therefore, we cannot guarantee that the training sample covers
the entire diversity of natural plant communities in the protected area. The following two indicators are calculated
for the whole territory and provide more information for analysis.

2. For the entire protected area, we calculate the percentage of points for which the value of the maximum component
of the confidence vector C is greater than 95 % ("High confidence percent"). That is, what percentage of decisions
about belonging to a certain class is made with high confidence. As can be seen in Fig. 25, the value of this criterion
first increases with the number of images, reaches a maximum for the number of images equal to four, and then
fluctuates. This fluctuation may be related to the fact that natural steppe vegetation dries up starting from mid-July
and its type classification from space images becomes difficult. Analysis of vegetation in the first half of the
growing season is most informative.

3. The next indicator of classification dynamics is based on the use of the well-known Wald sequential
classification algorithm [20], in which the number of features for classification is sequentially increased, and
the decision to classify a particular point is made on the basis of comparison of the likelihood ratio with a
threshold value. It is important to mention that points, that were classified with less feature number, are not
considered further. As an analog of the likelihood ratio value, we use the ratio of the two maximum values
of the components of the confidence vector C. Thus, for each number of images , we can compute the relative
number of points that can be classified at this stage V(r, border), where border is the likelihood ratio threshold
value. And also then calculate the average number of images required for classification My(border). Fig. 2¢
shows the cumulative values Vi (r, border) = Y.[_; V(i, border) for different values of border. The average
number of images was 3.37 for border =10 and 2.75 for border =5 (according to Wald algorithm border=19
for errors pp=p;=0.05). The last column in the chart shows the percentage of points for which no solution
was made having available images.
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Fig. 2. Analysis of number of images required to solve the problem of steppe vegetation classification.
(a) classification accuracy on training set, (b) high confidence percent on whole territory of protected areas,
(c) cumulative percent of classified territory points for each image number

Thus, we can conclude that to analyze natural steppe territories in urgent mode it is possible to limit ourselves to three
to five remote sensing images acquired during the first period of the growing season. It is worth mentioning that the goal
of our project on natural phytocenoses monitoring is not semantic segmentation of the entire territory. Natural
communities show variability of reflective properties depending on many factors: precipitation, temperature conditions,
and landforms. The goal is to establish a network of reference polygons, and on the basis of these polygons to monitor
valuable communities, analyze changes and search for new areas for their study and conservation.

4. Practical results of information technology application

The proposed information technology was successfully tested on the territory of Samara region. Monitoring was
carried out using Sentinel-2 images [12, 19], unmanned aerial vehicle [21], high-resolution data from open sources [22].

A database of reference polygons and identified phytocenoses was created, it includes digital map "Plant Monitoring" of the
regional geoportal (https://geoportal.samregion.ru/), accumulating data on the boundaries of objects and semantic information
about them (Fig. 3). For the seasons of 2023 and 2024, the database was updated with 413 objects of phytocenoses, including
319 objects of valuable plant communities, 4 objects of invasive plants and 90 other plant communities.
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Fig. 3. Interface of regional geoportal with reference polygons

New reference polygons were found for the territory of several steppe protected areas of Samara region using Sentinel-
2 images and reference polygons identified in 2018. Most of allocated polygons confirmed their belonging to classified
plant communities [19]. Some of these polygons were outside the boundaries of protected area, so it was recommended
to expand the protected area (due to the presence of a large number of rare plants). Ground surveys were also conducted
in other steppe protected areas [23], the corresponding reference polygons were included in the database, and the list of
valuable plant communities, present in the steppe territory of the Samara region, was expanded.

The task of updating the forest inventory data was solved using Krasnosamarskoye forestry as an example [12]. Using
Sentinel-2 images and "clean" tree classes as reference polygons, the areas requiring field visits were identified. The field
visits confirmed the inconsistency of vegetation parameters with the inventory data.

A number of regions with the presence of the invasive plant Elacagnus angustifolia were also included in the base of
reference polygons [22]. This introduced species has adapted well to the sharp continental climate of the Samara region
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and causes depression of meadow vegetation, reducing biodiversity. This species is well identified on high and ultra-high
resolution images due to specific silver color of leaves. Whether it will be identified on medium resolution images remains
to be seen.

An unmanned aerial vehicle (UAV) was used to monitor a rare species of peony (Paeonia tenuifolia) grown in artificial
conditions of the Samara Botanical Garden and returned to its natural habitat [21]. UAV images of plants in the Botanical
Garden were taken as reference polygons, and then the flowers were searched from the images in a natural environment
characterized by complex topography. The high percentage of peony detection significantly reduces the labor-intensive
population monitoring required to assess the status of the reintroduced species.

Conclusions

The proposed information technology for regional monitoring of phytocenoses has demonstrated its efficiency and
effectiveness when used in the Samara region. Maintenance and constant replenishment of the base of reference polygons
allows keeping records of both valuable and invasive plant communities, capturing their characteristics. And the use of
remote sensing images ensures effective monitoring, providing reliable and up-to-date information for biodiversity
conservation and environmental management activities.

It can be confidently asserted that the technology is applicable to other regions with comparable level of
geoinformation support, study and accessibility of phytocenoses located on their territory.

Acknowledgments
This work was supported by the Russian Science Foundation, project Ne 23-11-20013.
References

[1] Ecosystem services of Russia: Prototype National Report. Vol. 2. Biodiversity and Ecosystem Services: Accounting Principles in
Russia. Moscow: BCC Press; 2020. ISBN: 978-5-93699-107-3.

[2] Fajardo T, Campins Eritja M. Biological diversity and international law. Challenges for the post 2020 scenario. Springer; 2021.
ISBN: 978-3-030-72961-5.

[3] On approval of the biodiversity conservation strategy of the Samara Region for the period up to 2030 [In Russian]. Decree of the
Government of the Samara Region, Ne 596 dated 20.08.2021. Samara; 2021.

[4] Kavelenova L, Prokhorova N, Fedoseyev V. On the experience of field monitoring and remote sensing technologies integration
in regional phytodiversity conservation. E3S Web Conf 2023; 419: 02013. DOI: 10.1051/e3sconf/202341902013.

[5] Schowengerdt RA. Remote sensing: models and methods for image processing. London: Academic Press; 2006. ISBN: 978-0-
12-369407-2.

[6] Wasniewski A, Hoscito A, Aune-Lundberg L. The impact of selection of reference samples and DEM on the accuracy of land
cover classification based on Sentinel-2 data. Remote Sens Appl: Soc Environ 2023; 32: 101035. DOI:
10.1016/j.rsase.2023.101035.

[7] Tuia D, Pasolli E, Emery WJ. Using active learning to adapt remote sensing image classifiers. Remote Sens Environ 2011; 115:
2232-2242. DOI: 10.1016/j.rs¢.2011.04.022.

[8] Field methods for vegetation mapping. USGS/NPS Vegetation mapping program. The Nature Conservancy (TNC), Environmental
Systems Research Institute (ESRI), USA; 1994.

[9] Nikiforenko YY, Melnik OA. Methods of environmental research: a tutorial [In Russian]. Krasnodar: “KubSAU” Publisher; 2022.
ISBN: 978-5-907550-36-0.

[10] Pengra BW, Stehman SV, Horton JA, Dockter DJ, Schroeder TA, Yang Z, Cohen WB, Healey SP, Loveland TR. Quality control
and assessment of interpreter consistency of annual land cover reference data in an operational national monitoring program.
Remote Sens Environ 2020; 238: 111261. DOI: 10.1016/j.rse.2019.111261.

[11] Malinowski R, Lewinski S, Rybicki M, Gromny E, Jenerowicz M, Krupinski M, Nowakowski A, Wojtkowski C, Krupinski M,
Kritzschmar E, Schauer P. Automated production of a land cover/use map of Europe based on Sentinel-2 imagery. Remote Sens
2020; 12(21): 3523. DOI: 10.3390/rs12213523.

[12] Bykova D, Denisova A, Fedoseev V, Korchikov E. Methods for updating forest inventory data through multi-temporal Sentinel-
2 image analysis. In Book: Bajaj A, Abraham A, Reddy Madhavi K, Castillo O, eds. Proceedings of the 15th International
Conference on Soft Computing and Pattern Recognition (SoCPaR 2023). Volume 4: Real World Applications. Cham, Switzerland:
Springer Nature Switzerland AG; 2025: 258-266. DOI: 10.1007/978-3-031-81086-2_29.

[13] Wu T, Luo J, Gao L, Sun Y, Dong W, Zhou Y, Liu W, Hu X, Xi J, Wang C, Yang Y. Geo-object-based vegetation mapping via
machine learning methods with an intelligent sample collection scheme: a case study of Taibai mountain, China. Remote Sensing
2021; 13(2): 249. DOI: 10.3390/rs13020249.

[14] Soifer VA, ed. Computer image processing, Part II: Methods and algorithms. Saarbriicken: VDM Verlag Dr. Miiller; 2010. ISBN:
978-3-639-17545-5.

[15] Sergeyev VV, Bavrina AY, Zaitsev 1D, Lazutov MY, Shapiro DA. On estimating the local entropy of an image in a sliding
window. Computer Optics 2024; 48(5): 714-725. DOI: 10.18287/2412-6179-CO-1509.

[16] Pazur R, Prishchepov A, Mjachina K, Verburg P, Levykin S, Ponkina E, Kazachkov G, Yakovlev I, Akhmetov R, Rogova N,
Biirgi M. Restoring steppe landscapes: patterns, drivers and implications in Russia’s steppes. Landsc Ecol 2021; 36(2): 407-425.
DOI: 10.1007/s10980-020-01174-7.

[17] Komisarenko V, Voormansik K, El Shawi R, Sakr Sh. Exploiting time series of Sentinel-1 and Sentinel-2 to detect grassland
mowing events using deep learning with reject region. Sci Rep 2022; 12(1): 983. DOI: 10.1038/s41598-022-04932-6.

6 Computer Optics, 2026, Vol. 50(2) 1822 DOI: 10.18287/COJ1822



New information technology for phytocenoses regional monitoring using remote sensing data V.V. Sergeyev at al.

[18] Fukunaga K, Olsen DR. An algorithm for finding intrinsic dimensionality of data. IEEE Trans Comput 1971; C-20(2): 176-183.
DOI: 10.1109/T-C.1971.223208.

[19] Bavrina A, Kuzovenko O, Ryazanova Y. Al for selecting of reference polygons for remote sensing monitoring of natural plant
communities in the Samara Region, Russia. In Book: Marquez FPG, Hameed AA, Jamil A, eds. Pattern Recognition and Artificial
Intelligence: Selected papers from the 6th Mediterranean Conference on Pattern Recognition and Artificial Intelligence
(MedPRAI24). Cham, Switzerland: y Springer Nature Switzerland AG; 2025. ISBN: 978-3-031-90892-7.

[20] Wald A. Sequential analysis. Mineola, New York: Dover Publications Inc; 1973. ISBN: 978-048661579-0.

[21] Gorodetskaya LA, Denisova AY, Kavelenova LM, Fedoseev VA. Rare plants detection using YOLO neural network. Computer
Optics 2024; 48(3): 397-405. DOI: 10.18287/2412-6179-CO-1405.

[22] Bogdanova Y, Kavelenova L, Khalikova L. To the possibilities of combining ground-based and remote monitoring of secondary
ecosystems development during overgrowth of fallow lands with the participation of Elacagnus angustifolia [In Russian]. Proc
XII Int Sci Conf “Regional Problems of Remote Sensing of the Earth” (RPRSZ-2024) 2024: 294-297.

[23] Kuzovenko OA, Ryazanova YA, Prokhorova NV. Specially protected natural area “Sestrinskie okamenelosti” — a promising
reference polygon for remote identification of valuable steppe ecosystems [In Russian]. Samara Journal of Science 2023; 12(1):
57-63. DOIL: 10.55355/snv2023121109.

About authors

Vladislav Victorovich Sergeyev (b. 1951) graduated from Kuibyshev Aviation Institute (presently, Samara National
Research University) in 1974. In 1978 he received his PhD and in 1993 — DrSc. Currently he holds the position of
Professor in GIS and Information Security department at Samara National Research University. Research interests are
digital signals and image processing, GIS and pattern recognition. E-mail: vserg@geosamara.ru

Alina Yurievna Bavrina (b. 1980) graduated from Samara State Aerospace University (presently, Samara National
Research University) in 2003, received her PhD in 2006. Currently she is an engineer-mathematician at JSC «Samara-
Informsputnik» and has a part-time position as senior researcher at Samara National Research University. Area of
interests: digital image processing, pattern recognition, Earth remote sensing, watermarking. E-mail: bavrina@mail.ru

Lyudmila Mikhailovna Kavelenova (b. 1958) graduated from Kuibyshev State University. She received her PhD in
Biological Sciences (1990) and DrSc degree in Biological Sciences (2004). At present, she is a head of Ecology, Botany
and Nature Preservation chair in Samara University and holding a part-time position as the head of laboratory at the
Zhigulevsky Sady Scientific Research Institute. The area of interests includes bioindication, ecological physiology of
plants, and conservation of phytodiversity. E-mail: lkavelenova@mail.ru

Bogdanova Yana Andreevna (b. 1992) graduated from Samara State University (presently, Samara National
Research University) in 2014. Currently she is the 1-st category lab assistant at the Department of Ecology, Botany and
Nature Preservation at Samara National Research University. The area of interests includes bryology, bryoindication,
environmental monitoring. E-mail: bogdanova.vaa@ssau.ru

Ryazanova Yana Anatolyevna (b. 1999) graduated from Samara National Research University in 2022. Currently
she is an assistant at the Department of Ecology, Botany and Nature Preservation at Samara National Research University.
The area of interests includes ecology and environmental monitoring. E-mail: ryazanova.vaa@ssau.ru

Received April 12, 2025. The final version — September 03, 2025.

KommbrorepHas ontuka, 2026, tom 50, Ne2 1822 DOI: 10.18287/COJ1822 7



