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ABSTRACT

Image processing has been undergoing rapid development for more than thirty years. The
tasks in this field are characterized by high computational complexity. Enabling image
processing algorithms to run in real time requires large computational power. Modem display
systems support more than 256 colors (8-bits) per pixel and typical images have a spatial
resolution of 512x512 pixels or larger for each image. Supporting high resolution displays and
imagery requires the use of visualization systems with high performance computational
capabilities. The transputer is a contemporary state-of-the-art parallel computer environment
that offers high computational performance at a relatively low price (i.e. high performance/price
ratio) for building such systems. Our other goal is to prototype the use of transputers as a

flexible image processing engine for remote sensing applications.
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ABSTRACT

An approach is suggested and applied to determine the atmospheric optical depth parameters
from spectral solar irradiance data provided by the multichannel trace spectrometric system
“Spectrum 256”. The system “Spectrum 256" has been designed by scientists from the Solar-
Terrestrial Influences Laboratory at the Bulgarian Academy of Sciences and has been
operated onboard the MIR space station since 1988. By scanning the atmosphere with the
spectrometer pointed directly at the Sun as the MIR station passed from the terminator zone to
the sunset zone, the distribution of the atmospheric optical depth components in a vertical
column of the Earth’s troposphere in the layer between 2 km and 14 km was determined. The
molecular (Rayleigh) scattering was modeled and the aerosol scattering model parameters
were evaluated. The selective absorption due to gaseous components and water vapor in the
475-810 nm spectral range was determined, taking into account the influence of the optical

transmission characteristics of the hatches of the MIR station.
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ABSTRACT

During the past 20 years, statistical classification methods, such as the minimum distance and
the maximum likelihood classifiers, have been widely used. However, these methods have
their restrictions, related particularly to the distribution assumptions and limitations in the input
data types. In the past decade, the non-linear approaches, theoretically a more sophisticated

and robust methods of image classification has been introduced and employed in remote
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sensing applications. Although these methods have been used in a wide range of scientific
disciplines for a variety of applications since the early 1980s, their use in remote sensing area
is relatively new, dating only from the early 1990s. Studies have shown that non-linear
methods are more robust than conventional statistical methods in terms of producing
classification results with higher accuracies and requiring fewer training samples. One of the
most important of their characteristics is perhaps the non-parametric nature of the model,
assuming no a priori knowledge, particularly of the frequency distribution of the data. Because
of their adaptability and their ability to produce high-quality results, the use of non-linear
methods has increased the in the remote sensing field research. Often comparison is made
with model which applies maximum likelihood classification and this will be the approach
stated hereafter.
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ABSTRACT
The goal of the study is describe the key parameters and the process of working out a
multichannel spectrometric system in the visible and near infrared bands of the
electromagnetic spectrum. This system will be used for remote sensing investigations:
¢ recognition of main land covers (soils, natural and agricultural vegetation, water areas)
¢ state assessment and monitoring of the studied objects.
¢ Investigation of the relationships between the reflectance and spectral features of the
studied objects; development and validation of spectral-biophysical models for
estimation of land cover parameters.

e Soil state assessment — type, moisture content, surface texture.



http://journal.space.bas.bg/arhiv/n%2020/Articles/9_Petkov.pdf

B4.5
Borisova, D., Kancheva, R., Nikolov, H., Spectral mixture analysis of
land covers, Global developments in environmental earth observation
from space, Millpress, 2006, pp. 509-516, (Proceedings of the 25th
Annual Symposium of the European Association of Remote Sensing
Laboratories (EARSeL), Porto, Portugal, June 6-11, 2005)

MHugekcupana B : Web of Science

JInHk kbM nybnukauuaTta: https://www.iospress.nl/book/global-developments-in-environmental-

earth-observation-from-space/

ABSTRACT

The mixed pixels in remotely sensed data are one of the main problems in interpretation.
Spectral mixture analysis is a possibility for solving it. Laboratory and field spectrometric
measurements as a part of remote sensing are used for obtaining information about various
biophysical features of the studied objects. As land cover is usually a mixture of materials with
different spectral properties the reflectance additive theory is an efficient tool in data
processing. This paper aims to describe the relationships between spectral reflectance of
mixed pixels and fraction cover of rock, soil and vegetation therein and to evaluate the
possibility of using spectral mixture decomposition in relation to their type and proportion
determination. For these purpose laboratory multispectral measurements of granite, brown
sandy loam soil and grass samples have been carried out in the visible and near infrared
bands with a multi-channel radiometer. Different approaches such spectral mixture modeling,
rock-soil baseline, spectral transformations (NDVI, NIR/R) have been applied to process and

interpret data.
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ABSTRACT
The data collected by joint in-situ and remote sensing experiments contain additional
information that could be further used during the classification process. Moreover, incorporating

more data into existing GIS leads to better understanding, representing, managing, and
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integrating many aspects of our earth as a system. The in-situ gathered data such as,
establishing ground control points by GPS, measure the meteorological conditions, soail
moisture, etc., provides additional information that is crucial in improving GIS effectiveness.

To improve and facilitate the process of collection and storage of this in-situ data a
distributed mobile, wireless, field network was developed. The main components of the system
are the autonomous, battery-powered micro controller devices wirelessly communicating with a
central one. Two types of networks are allowed — simple, used in small areas (usually less than
10 km?) and full, covering areas up to 50 km2.The networks has flexible structure, offered by a
variable number of commands that could be easily adapted to meet the requirements of
dissimilar measuring devices thus increasing the number of target applications — from land use
to disaster monitoring. A prototype system successfully performed well on test polygons in North
Bulgaria.
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ABSTRACT

The aim of this research is to develop an effective approach being able to deal with the
stochastic nature of remote sensing data. In order to achieve this objective it is necessary to
structure the methodological knowledge in the area of data mining and reveal the most
suitable methods for the prediction and decision support based on large amounts of
multispectral data. The idea is to establish a framework by decomposing the task into
functionality objectives and to allow the end-user to experiment with a set of classification
methods and select the best methods for specific applications. As a first step, we compare our
results from Bayesian classification based on nonparametric probability density estimates of
the data to the results obtained from other classification methods. Tree scenarios are
considered, making use of a small benchmark dataset, a larger dataset from Corine land cover
project for Bulgaria and analyzing different features and feature selection methods. We show
that the theoretically optimal Bayesian classification can also achieve optimal classification in
practice and provides a realistic interpretation of the world where land cover classes intergrade

gradually.
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ABSTRACT

Surface mining activities in Europe are estimated to cover an area of 5-10 000 km?. In this
paper we suggest that the availability of Landsat Thematic Mapper (TM) for Earth observation
allows the collection of environmental and mine related data for use in the planning and
undertaking of mine restoration work on cost-effective basis. The advantage is that these data
are acquired digitally and can be easily processed and utilized in various information formats.
Important step in the data processing is the verification of airborne data. For this purpose
ground spectrometry measurements of samples taken from test sites have been performed. In
the last decade several mining areas and corresponding dumps are subject to reclamation
process in Bulgaria. We focused our research on one of the most important in the copper
production for 20 year period for our country - Asarel-Medet deposit. This mining complex
consists of an open mine, the dumps and a processing plant. After ceasing the exploitation of
Medet deposit in 1994 a rehabilitation program for soil cover and hydrographic network was
established and launched. A continuous task is the monitoring of these activities from the
beginning for at least 15 years period, which is to end this year. To process the data, which
characterize the progress of the land cover restoration, several techniques, both standard,
such as basic and advanced statistics, image enhancement and data fusion, and novel
methods for supervised classification were used. The results obtained show that used data
and the implemented approach are useful in environmental monitoring and are economically

attractive for the company responsible for the ecological state of the region.
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ABSTRACT

Mining plants are one of the factors having major negative impact on the area where they are
situated. In the case of Mirkovo floatation plant, located in the outskirts of Stara Planina
Mountain in the middle of Bulgaria, the pollution comes from two major sources — dust from
milling shop and waste water from floatation shop. The investigations are carried out deal with
determination of the impact on the soils and vegetation in the neighborhood areas using
reflectance information from multispectral data and supporting hyperspectral in-situ
measurements. During the research preliminary information about mineral content of the ore
material coming from the mine and soil type is also considered.

Numerous studies have analyzed the variance of spectral reflectance of rocks, soils and
vegetation in response to their cover using remote sensing. The goal of the study is to show
land cover changes detected through vegetation indices as NDVI, RVI, SAVI and the soil line
concept in remote sensing. On the next step change detection methods are used to support
local authorities in preparation of short-term reclamation plans and as well to recommend
farmers in planting suitable vegetation spices in assisting the rehabilitation of the top soils. In
this research the data from Landsat TM/ETM+ combined with in-situ measured data are used.
The obtained results show that the analyzed data and the implemented approach are useful in
environmental monitoring and economically attractive for the company responsible for the

ecological state of the region.
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ABSTRACT

One of the key input parameters in obtaining end products from SAR data is the DEM used
during their processing. This holds true especially when persistent scatterers INSAR method
should be applied for example to study slow moving landslides or subsidence. Since
nowadays most of the raw SAR data are of space borne origin for their correct processing to
high precision products for relatively small areas with centimeter accuracy a DEM taking into
account the particularities of the local topography is needed. Most of the DEMs used by the
SAR processing software such as SRTM or ASTER are obtained by the same type of
instrument and present some disagreements with height information acquired by leveling
measurements or other geodetic means. This was the motivation for initiating this research —
to prove the need of creating and using local DEM in SAR data processing at small scale and
to check what the magnitude of the discrepancy between final INSAR products is in both cases
where SRTM/ASTER and local DEM has been used. In addition investigated were two
scenarios for SAR data processing — one with small baseline between image pairs and one
having large baseline image pairs — in order to find out in which case local DEM has bigger
impact.

In course of this study two reference areas were considered — Bankya village near Sofia (SW
region of Bulgaria) and Mirovo salt extraction site (NE region of Bulgaria). The reason those
areas were selected lies in the high number of landslides registered and monitored by the
competent authorities in the mentioned locations. The significance of the results obtained is
witnessed by the fact that both sites we used have been included as reference sites for
Bulgaria in the PanGeo EU funded project dealing with delivering information regarding ground
instability geohazard as areas prone to subsidence of natural and manmade origin. In the said
project largest part of the information has been extracted from Envisat SAR data, but now this
information could be supplemented by adding such from Sentinel-1 derived by us.

During this research two local DEMs have been extracted from the tiles including the areas of
investigation, one using SRTM data and one from ASTER, and after this procedure both were
compared to the DEM gathered by leveling measurements. Finally conclusions are drawn and

a direction for future research steps is provided.
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OBJECT CLASSIFICATION WITH NEURAL NETWORKS, USING
MULTI CHANNEL SPECTRAL CHARACTERISTICS

H. Nikolov, G. Georgiev, D. Petkov, and T. Zdravev
Bulgarian Academy of Science
Sofia, Bulgaria

SUMMARY

The paper considers a practical way towards classification of unmovable objects
with neural networks, using their spectral characteristics in different spectral
ranges. At the recent time we have the opportunity to obtain multi channel data of
the objects from airborne based spectrometers. That allows us to choose from wide
range of data, so further classification should be more adequate to the real scene.

By now stochastic method used for classification of the objects needs so much time,
but with neural networks more accurate and faster classification is produced. The
time, which is essential for learning of neural network is less in comparison with the
time that stochastic way of forming the basic classes is necessary.

This new approach should be done successfully on transputer based system,
where the time for creating of the classes, which will be included to the database for
neural network, decreases. Accept classification the proposed system provides also
preliminary multi channel data processing such as noise reduction, filtering (con-
volution using block algorithms, mask with dimensions from 3x3 to 9x9), some
geometrical transformations, creating of the histogram for any image in each
spectral range and possible coding of IR and UV data with false colors too.
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ABSTRACT

The spectral reflectance, respectively the spectral reflectance coefficients (SRC) of vegetation
provide an express and significant information for the impact of abiotic factors (water stress,
heavy metals, herbicide pollution etc.) on important bio-agricultural parameters of vegetation in
different phenophases. The high spatial resolution (HSR) of spectrometric systems in current
use (in laboratory conditions they operate with HSR of the order of several square mm)
reveals possibilities for examining individual leaves as well as the fine structure of the leaves.
To obtain a reliable average SRC of the leaves making use of the SRC of a set of leaf areas
(SRCLA) with dimensions defined by the HSR, the minimal number nl of SRCLA is to be
determined so that the average SRCLA would be an estimate of SRC at a given confidence
probability, i.e. it would belong to the spectral class defined by the whole leaf. In this study nl
was determined for fresh and dry leaves (grown to phenophase 4-5th leaf) of maize, cv.
Knezha, hybrid No 655. For this purpose known statistical methods and own examinations
were utilized. SRC were obtained by means of the spectrometric system “Spectrum 256"

developed by scientists of STIL — Bulgarian Academy of Sciences (BAS).
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ABSTRACT

Scientific research aiming at the development of remote sensing (RS) technologies for various
applications engages considerable material and intellectual resources. The effective
management of these resources includes, first of all, support and updating of the services that
provide all the necessary conditions for the profound analysis of the acquired experimental
data. That is why the essential increase of the efficiency of the RS scientific projects is
achieved by the creation and/or modernization of their existing information systems (IS). Such
a support can be provided not only by IS developed within the framework of separate research
projects, but also by systems created on the basis of specialized information and data centers.
The development and maintenance of similar infrastructures are impossible without
implementation of the latest achievements of modern information and communication
technologies.

Along with a description of the informational system the paper presents a detailed operational
scheme of its standard cluster. The following cluster subsystems are considered in details: 1)
A system for data archiving and exchanging, 2) A system for data processing, 3) A system for
metadata management, 4) A system for catalogue management, 5) A system for external

users’ support.
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ABSTRACT

The main directions of joint research activities, experimental works, fields of application and
expected results from using a Geo-Information Monitoring System are presented in the paper.
Such a system is planned to be created in the frames of a Russian-Bulgarian scientific
cooperation. Investigations will be carried out under a project on the development and
implementation of advanced technologies in the aerospace remote sensing of the Earth during
2006-2010.
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ABSTRACT

The developed laboratory waveguide transmission system for measuring the attenuation of
microwaves by vegetation canopies is discussed. Some results obtained for the attenuation
effects by fragments of trees in the frequency band 0.8 - 10.0 GHz are presented. The
waveguide transmission system and the measuring procedure provide the acquiring of
continuous attenuation spectra in a wide frequency band under controlled vegetation
parameters. The propagation characteristics of the electromagnetic waves in the ultra-wide
band waveguide transmission system are similar to the propagation characteristics in the free

space. This makes possible to use the laboratory results in practice.
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ABSTRACT

Modern remote sensing technologies for Land Use/Land Cover applications rely on the
integration of a big variety of data from both airborne and ground-based instruments. The final
product highly depends on the proper and successful exploitation of as much data as possible.
This is the reason why a unified data integration and management system should be at the
disposal of researchers from different science fields. One possible approach is to develop an
information system (IS) based on an open source technology providing an easy data access.
Also a standard way of seamless addition of new data should be considered. The approach
adopted in this research study is based on a distributed database management system with
simple web interface to the data and models. A single cluster contains the following
components: a subsystem for data archiving and exchange; a subsystem for specific data
preprocessing and calibration; a subsystem for metadata management and integration; a

subsystem for the whole catalogue management; a subsystem in support of external users.

The above-described IS was developed in the framework of a joint Russian-Bulgarian project
for distributed system infrastructure for aerospace and in-situ data. The system consists of a
set of archived data and is supported by hardware/software facilities allowing the exchange of
catalogue and ancillary information in an on-line mode. The infrastructure allows to carry out
general and detailed data search and to prepare orders for data delivery. The focus at this
stage of the work was put on the refinement of the system specification, details of interchange
protocols and archive formats, the development of software prototypes ensuring metadata
exchange between the system's clusters and access to the information resources of the
system. Along with a description of the IS the paper presents a detailed operational scheme of

a single standard cluster.
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ABSTRACT
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by Remotely Sensed Data
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Galina Ganeva

Solar- Terrestrial Influences | aboratory - Bulgarian Academy of Sciences

ABSTRACT

In the presented paper methnds for obtaining and processing
remotely sensed dalain the aptical range of electromagnetic spectium
are discussed The specihc features, when use such kinds of data for
estimation the eondition and ecomonitoring of thatine surface also aie
included  The model applied for description of the specihc speotial
interchanges between the water and electromagnetic flow to find
presence and determine the concentralion ol soluted and dispersed
particles, is combmahion ol theoretical and empinical studies The
reliabihty of the proposed modal of mterchanges and adequatness of
the results obtainet! are estinited  Technological and methodologeeal
requirements to the spectial measuring systein attl the monioging
conditions are delined tho
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ABSTRACT

Hoknaan na Buarapckata akajieMums Ha HayKuTe
Comptes rendus de I'Académie bulgare des Sciences

Tome 50, N° 2, 1997

EXPLORATIONS COSMIQUES

LOSSLESS COMPRESSION TECHNIQUE OF MULTICHANNEL
SPECTRAL DATA ON BOARD
THE MANNED SPACE STATION “MIR”

T. Zdravey, D. Krezhova, St. Kovachev, H. Nikolov

(Submitted by Academician D. Mishev on February 28, 1996)

Introduction. Nowadays the multichannel images of the Earth’s surface and atmosphere
obtained by onbeard and satellite spectrometric systems form a large data flow that exceeds
significantly the capacity for their treatment and makes difficult to extract the information neces-
sary for the implemented techniques of remote sensing. This leads to restrictions in the use of the
space devices and in many cases there is a need to archivize large sets of untreated data with the
aim of future processing or storage of spectral reflectance (SR) data just in the most informative
spectral ranges for a given class of objects.

The experience gained in using multichannel SR data for global ecological and agricultural
monitoring has proved the necessity for enlargement of the studied surface areas without loss of
information. Hence, data compression has to be done onboard the space vehicle in real time
optimizing the resident software without changes in the spectrometric system.




rg.3
Xp. Hukonos, W. Bacunesa, KomOuHupaH nogxon 3a macnegpaHe Ha

pe3yntatu OT Knacudukaums Ha MHOrokaHanHu gaHHu, EnektpoHuka m
enekTpoTexHuka, Tom 33, 1999r.

PE3IOME

KomOuunpan Hoaxo/ 32 H3C/ACBANC 1A Pe3yTaTh
0T KAACH(HKALMS HA MHOTOKANAINN JQHIH .

Xprcro C. Huxosnos, Vpusa H. Bacunesa

[pedaoxceno € uIMOAIGAKe Ha KoMBUKUPAK nodx0d, Koiimo npuAa2a npedumcmeama, npedocma-
eqKl KaKMO OM CHAMUCIHUNECKUME NEMOOU 30 PGIN0INasaKe Ka 00pasu, maxa u om memodume,
UINOAIOAU HEBPOHNY MPEXKY, BONDEKU KAPACHGAGMA USVUCAUMEAN CAONCHOCM MpU Ke208ama pe-
QAUSYUS, MO3U HOG NOOXOO € MPUAOICEN WPl KAGCUGUKAYUS NG MHO20KAKAAKI CREKMPOMEMPUNHI
Oainiu, FOPMUPANI NPU OUCTANYUONKY USCAEDEANUA HA 3emama. ITloaysens ¢a eKCHEPUMENAAKY pe-
ayAmamu, JOKa3eaup Ke208ume NpeduMcea nped NOEOUNUNKOMO U3N0A3aNE Ha COCmaesuume 20

npoiyecypu. BERNES L e
Nikolov H., Vasileva I., Combined approach for assessment of results from multichannel data
classification, Electronics and Electrotechnics, vol. 33, 1999

ABSTRACT

" Combined Apptoach for Assesment of Resulls from Multichannel Data Classification, Qu(ing the
recent years in resalving pattern recogaition problems logether with the well dm{oped stat:sﬂca{ ap-
proaches a neural networks based methods are also applied. In this case we consider both tgchmque:
as counterparts in the process-of classification since the mathematical basis used in them is not the
same, This specific features must be taken into account if o comparative test be{wm them will be
carried out. In this paper We propose combined procedure for classification with mcreasgd confplcx-
ity in the decision phase including the advantages of both methods, This new approach is applied on
spectrometric data mmm remote sensing of the Earth,
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[.1-4, ISBN 9549641252, 9789549641257

ABSTRACT
In this paper are presented recently obtained results concerning the classification of
remotely sensed multichannel data using neural networks. A structure of the neural network is
proposed and it is chosen a training method among the well known methods. Moreover, the
procedure applied for preparation of the training data is described as well as the initial
conditions under which the training was performed. The results obtained after final classification
of an image are compared with results achieved using statistical methods.
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Jeliazkova N., S. Ruseva, K.Boyanov, H. Nikolov, D. Petkov. Application
of Nonparametric Bayesian Classifier to Remote Sensing Data,
Information Technologies and Control N2, 2004 /ISSN 1312-2622/. pp.
8-12

ABSTRACT

A nonparametric Bayesian classification, based on a recently published very fast algorithm for
multivariate density estimation is proposed. The classifier is applied to the problem of land
cover type recognition of remote sensing data. A 7 channel satellite image of a region of North
Bulgaria is used as input data. The procedure of object recording at a distance, forming the
image by recording reflected light or radio waves, is known as remote sensing. The
performance of the nonparametric Bayesian classifier is analyzed and compared to the
performance of a backpropagation neural network over the same data. The proposed
probabilistic approach gives very promising results. The assigned class membership of a pixel
is a “soft classification”. These results could be regarded as a realistic interpretation of the
world, where land covers intergrade gradually, and boundaries between classes are
sometimes blurred. In addition to pixel-by-pixel classification of an image, the method allows a

classification of predefined image regions as a whole.
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Nikolov H., D. Borisova, M. Danov, Detection of open pit mines and
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Ivan Rilski”, Part I: Geology and Geophysics, vol. 48, pp.231-234, 2005.

ABSTRACT

Ferrous and non-ferrous open pit mining and waste dumped are result of a human activity and
are the largest pollutants for certain regions in Bulgaria. Since in the most of the open pits the
mined substance is stone we suggest the remote investigations in such area to be carried out
in the thermal range (8-12 um) of electromagnetic spectrum. The data used during our study
consists of laboratory measurements and airborne data. After data processing and
interpretation, areas into which reclamation activities have been made, could be easily
determined. These results support the assessment of the human impact on the ecological
status in contaminated by mining actions regions. Obtaining more reliable results is expected

by the recently launched instruments with higher spatial resolution (less than 20 m).
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Hristo Nikolov, Nina Jeliazkova, Improving Withinclass Separation for
Vegetatation Classification, EARSeL and Warsaw University,
Proceedings of 4™ EARSeL Workshop on Imaging Spectroscopy. New
guality in environmental studies, pp. 753-757, Warsaw 2005
ABSTRACT

In the recent years some serious improvements in increasing spatial resolution of orbital
remote-sensing systems has been made. In many articles the ETM+ instrument onboard
Landsat is considered to have modest spatial resolution. Combining the high spatial and high
spectral resolution (more than 30 spectral channels), new possibilities for obtaining precise
information from remotely sensed data about the land cover types are presented. The single
element of the data represents more adequately the specific type of land cover. In case of
vegetation one application is precision agriculture, where the information obtained can be used
to improve crop quality, monitor the irrigation and fertilization process, and enhance weed
management. Another factor that could improve the state assessment is the textural
information.

In this study we propose novel technique for classification of vegetation types combining
spectral, spatial and textural data for better within class separation. The method applied is
based on Bayesian decision rule with preliminary data processing for feature selection. The

results shown that of crucial importance is the parameters selection procedure.
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George Georgiev, Doyno Petkov, Hristo Nikolov, A Network for Data
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523-526, Warsaw 2005

ABSTRACT

Planning remote sensing experiments involves acquisition of airborne and in-situ data of the
studied objects. The in-situ gathered data provides additional information that is helpful in
establishing ground control points by GPS, measure the meteorological conditions, moisture.
The last two parameters are of importance monitoring vegetation cover and soil conditions.
The proposed telemetric system consists of distributed network stand-alone field instruments.
The main components are the autonomous, battery-powered microcontroller operated devices.
The network has flexible structure that can be changed easily in order to meet the
requirements of different type applications such as commands and data exchange between
field-based devices.
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Shutko A., A. Haldin, V. Krapivin, E. Novichikhin, I. Sidorov, Yu.
Tishchenko, R. Haarbrink, G. Georgiev, R. Kancheva, H. Nikolov, T.
Coleman, F. Archer, P. Pampaloni, S. Paloscia, A. Krissilov, A.
Carmona. Microwave radiometry in monitoring and emergency mapping
of water seepage and dangerously high groundwaters. Journal of
Telecommunications and Information Technology (JTIT), 1/2007, pp. 76-
82, 2007

ABSTRACT

Detailed and geo-referenced maps identifying the locations of saturated and dry levees
can be produced using microwave radiometric measurements from a light aircraft or helicopter,
and integrated with GPS for positioning and orientation. The development of synergetic remote
sensing technology for raised groundwater and seepage detection by the joint use of microwave
and optical data along with GIS databases is an effective and most contemporary way of
supporting risk assessment and facilitating disaster prevention and management. In this paper
we present a remote sensing microwave technology for monitoring and detection of areas of
water seepage through irrigation constructions, levees and dykes as well as for revealing areas

with dangerously high groundwater level. The possibility for emergency response mapping,



integrated with GPS and GIS data, facilitates the risk assessment and management services.
The passive microwave radiometry (PMR) is based on spectral measurements in the millimeter
to decimeter range of wavelengths. Compared to other remote sensing techniques, such as
color and infrared photography, thermal images and lidar, PMR is the only technology taking
measurements under the earth’s surface and therefore is very well suited for water seepage and

underground water monitoring in a fast and reliable way.
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Bapkanosa T.C.KnbapanHa W.H., KysmkoB C. W., Hukonos X,

Casopckun B.I1., TuweHkolO.I'., MNpenBaputensHble pesynbTatbl SAR

MHTEpdEepomMeTpM ONa nM3ydeHus npoueccoB gedopmMauuin B ropHbIX

pavioHax TaHb-LaHa (Kuprunsusa) n KpecHa (Bonrapus), Proceedings of

International Conference “Fundamental Space Research”, Sunny Beach,

Bulgaria, pp.19-21, 2008
PE3IOME
B paboTte npencraeneHbl pesynbTaTthl 06padoTkn aaHHbIx ASAR ENVISAT no gsym parioHam
Kuprusum: panoHa osepa Wccbik-Kynb 1 r. buwkeka. INSAR un300paxeHns nomny4veHbl C
nomowpbto naketa ROI_PAC (Repeat Orbit Interferometry Package), wumetoweroca B
ceBobogHoM pgoctyne. [Ona KoMneHcauuMu BbICOTbl MOBEPXHOCTU 6binv  MCMOSb30BaHbI
AOCTyMHble AaHHble uundpoBon kaptel SRTM(90). Ona opbutanbHbix AaHHbix ENVISAT
ncnonb3oBaHa opbuta ODR. BbinonHeHa obpaboTka 4-x peanu3aumi kagpa ASAR paioHa
Ucebik-Kynb (Track 234, Frame 2745) n 4-x peanusauun kagpa panoHa buiukeka (Track 420 ,
Frame 2763). B pesynbTate 06paboTkm nony4yeHo No OAHOW UHTepdEPEHLMOHHON KapTUHE
KaXxgoro Kkagpa Anst obnacten ¢ BbICOKOM KOT€PEHTHOCTbK curHana (y4acTkm ¢ AOCTaToO4vHO
Nnonoron NoBepxHOCTbio). OcTanbHble KOMBUHaUMK peanu3auui NpuBoannu K cboro naketa,
4YTO MOrJO ObITb CBA3a@HO Kak C HEONTUManbHbIM HabopPOM peanu3auuin, Tak U C BO3MOXHbIMM
cboamm anroputmoB ROI_PAC npu HekoTopbIX YCroBusix, 4To TpebyeT aanbHenwero

nccrnenoBaHus.

Barkalova T.S., Kibardina I.N., Kuzikov S.I., Nikolov H., Savorsky V.P.,
Tishchenko Yu.G., Preliminary results of SAR interferometry for studying
deformation processes in the mountainous regions of Tien Shan
(Kyrgyzstan) and Kresna (Bulgaria), Proceedings of International
Conference “Fundamental Space Research”, Sunny Beach, Bulgaria,
pp.19-21, 2008

ABSTRACT

The paper presents the results of processing ASAR ENVISAT data for two regions of

Kyrgyzstan: the area of Lake Issyk-Kul and Bishkek. INSAR images were obtained using the



freely available Repeat Orbit Interferometry Package (ROI_PAC). To compensate for the
surface height, the available data of the SRTM digital map (90) were used. The ODR orbit is
used for the ENVISAT orbital data. Processing of 4 realizations of the ASAR frame of the
Issyk-Kul region (Track 234, Frame 2745) and 4 realizations of the frame of the Bishkek region
(Track 420, Frame 2763). As a result of processing, one interference pattern was obtained for
each frame for areas with high signal coherence (areas with a fairly flat surface). The rest of
the combinations of implementations led to a package failure, which could be due to both a
non-optimal set of implementations and possible failures of the ROI_PAC algorithms under

certain conditions, which requires further investigation.
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ABSTRACT

The multichannel spectral reflectance data, registered satellite borne sensors (such as
Landsat-TM, ETM+, SPOT etc.), often result in a spectrally mixed class consisting of several
so-called “pure” spectral classes, included in the area covered by single pixel. This problem is
often considered as a mixed pixel problem. It has always been a difficult to decompose multi-
spectral data and classify those to derive the accurate proportions of the land cover classes.
Inclusion of ground-measured data, such as laboratory and in-situ, is especially useful with
respect to increase the accuracy of the subsequent supervised classification.

This study proposes the use of a spectral linear unmixing (SLU) or spectral mixture analysis
(SMA) based on sub-pixel method for minerals, rocks, and bare soils recognition. In most
cases mixing is considered linear, and the resulting pixel reflectance is thought as a linear
summation of the individual material reflectance multiplied by the surface fraction they
constitute. Besides the abovementioned problem of mixed pixel the limited spectral
separability among similar minerals, rock, and soil types is another problem that causes
inaccuracy in their identification. Various methods of SLU/SMA have been developed to
improve the classification of mixed pixels and to detect and identify sub-pixel components and
their proportions. For this reason, additional laboratory and in-situ multichannel spectrometric
measurements and approaches as well as rock line and ratio indices are applied. In the course
of this study large number of laboratory experiments made by SPS-1 spectrometric system
has been performed along with in-situ measurements using spectrometer TOMS. The rock line

guoted above is based on the soil line concept adopted in remote sensing technology. Several



ratio indices are chosen considering rock types in the study as follow basalt, limestone, and
marble samples.

The main advantage of the presented technique is that mixed pixels are used during the
training phase of the following supervised classification. Compared to these other multichannel

data processing techniques, the present one is found to be simple, cheap, and objective.
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2010

ABSTRACT

The need for standard networking different devices (especially sensors) operating onboard
space platforms was realized not long ago. The SpaceWire standard is facilitating the
construction of high-performance onboard data acquisition systems, helping to reduce the
overall system integration costs, promoting the compatibility between data handling equipment
and subsystems, and providing possibilities to re-use data handling equipment across several
different missions.

Implementation of the SpaceWire standard into new data acquisition ensures such equipment
is compatible with all other interconnected instruments at both the component and sub-system
levels. Processing units (i.e. processors, microcontrollers) and mass-memory units using
SpaceWire interfaces developed for one mission can be readily used on another mission. This
way: the development phase cost less and takes less time since only the new part of the
system should be constructed from the scratch. Moreover implementing standard protocols the

reliability is increased which is crucial for space missions with budget several M€.
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Ha MIY ,Cs. MBaH Punckn®, ISSN 1312-1820, vol. 52, , pp.137-140,
20009.

PESKOME. Hasehime 1WepBzkn 8 KOMTTEICA Ha JUCTBHLIORHITE WSCTEISEHIR CE NHOTD BaKHH B CCTABRHETO M TOTBAHETO ke e
[k 32 A CA ADOBEDEN Na0ODATODHA M TMEEH CIeXTROMETIHAHA HSMEDBAHHHA Ha ODAA[H OT MATME, CELAMGHTHH M METaMODGH
CKa 0 B Ysnonsea  Temanies0 opwesTD:H CrexTpoueTsp, paored 8 pyanasora 400-500 am. CrexmpomeTpe e KOCTDyHpas B
JG3B-BAH. Tomysesime 3 e GrgaT BT B G252 JaHHH 32 JOMLIHNTETHA HQODMALYA Mo JUCTEHLIORHM HSCTETRAHNR Ha SeMHaTa
TOBBAHLCT.

ABSTRACT.

Ground-truth data in remote sensing investigation complement are very important. For this
purpose laboratory and field spectroscopy measurements of samples of the igneous,
sedimentary and metamorphic rocks are performed. The thematically oriented spectrometer
working in 400-900 nm range is used. The spectrometer was designed and constructed in
STIL-BAS. The obtained data will be included in data base for Earth observation complement.
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November 2010.

ABSTRACT

The classification procedure relying on data spectral properties is often preceded by
segmentation which in turn might be greatly improved by a preliminary sub-pixel analysis and
mixed-pixel decomposition. A generally accepted meaning of the word ‘segmentation’ in the
image processing community is the decomposition of the image under study into its different
and homogeneous regions of interest (Rol). In this study, we have been focused on the
assumption that, by applying the linear spectral mixture analysis (LSMA) on the border line of
an image, one could achieve better segmentation than relying on spectral or geometrical

properties only. In the LSMA, the mixed pixels, especially those in the border areas of the



image are expressed as linear combinations of the respective spectra of the basic land cover
types presented in the image. By implementing the LSMA on the data, the segments’

smoothness was improved.
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Rilski”, pp.139-142, 2010.

ABSTRACT

PEBIOME. 8 v paiors & moimowe eTOD 52 kaiahgass ha BTN Tat DN CETNRTHDAHST) ha TCDTH B TAAUN 1 Kb MOk & 1 c2
JANGIT3BET MHORECTRQTO BhIMOROCTI, PRI O WHOTOCTEXTEATH EOCRAMEHMR Ch Coerka pesonaLh karo T wa Gopina ke Landsat 9. Ypes enomer

om0 MpANarahe, Ce ThCAT T CTCHIHH CTATHCTHSECHH S3BHCHHOCTH WEXDY NONEBHTE MAOTOCTEKTaNHH Jane H [JaHNTE 0T uaaﬁpa}r{emﬂa. fonyuesi 01
CEHI0PH ﬁcapﬂa Hd NETALLW anpaT. (neg HOPENTHO aSN03kdBaHE Ha CHOTBETHATE MHKCENNA NOCNENBLLOTO CEIMERTHQAHE Ha WaCNEEaHaTd HalehHd mopma

WO 3 C2 OTPSD8N 1310 kRIEKTHO. TOTESHTE WEMEREGHAR C3 ABbpLIEHN 3 FaDHeDa 2a TOLBH kat Gy 1o . Chonck. 32 i ca ofgafrens
ChOTBETHHTe H000HeHHR O CeThiea st 5 0 pacmin ST, TROBEDeH ca QN HaGPHDEHIR,PETDOMRaqcotHECTEDERHIR, DNTORONYMEATAL)R o

15t COBYTOOMETOHH JMEDEHIR

ABSTRACT.

In this paper a statistical method has been applied in the segmentation of human made land
covers as open pit and stone mines. The idea is to exploit to larger extent the possibilities
offered by multispectral imagers having mid spatial resolution such as TM onboard Landsat 5.
The method has been applied in the framework of our research is to find consistent statistical
dependencies between multispectral data gathered in-situ and the corresponding ones in
images offered by airborne-based sensors. After correct identification of the pixels the
subsequent segmentation forming the shape of the artificial feature is determined much more
reliable. This especially holds true for objects with relatively narrow structure for example two-
lane roads for which the spatial resolution of one pixel is larger that the object itself. We have
been combined ground spectrometry of stone-pit near Smolsko village, Landsat images of
region of interest (Rol), and in-situ condition surveys for assessment of stone pit area.
Geological observations, petrographical investigations, photo documentation and in-situ

spectrometric measurements have been performed.
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bopucosa, [., X. Hukonos, b. baHywes, [. lMeTkoB. OUCTaHLMOHHM
METOAN 3a MOHUTOPUHI Ha OTKpuUTK pyaHuun.. Fog. MIY, T.54, Ce. | —
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PEJIOME. Mwrara gesinocT & Espona ce pasnpocTupa o7 ronewM MIOWK G OTPOMHK OTKDHTH YLHWLM [0 CHECEM MankM kapupep. B
HacToALLaTa paboTa ca aHamWaNpaHK CeXTDaNAN Aakkit oT anaparypara #a Gopaa Ha cibTika Landsat TM ¢ uen onpesienste Ha AoLTa Ha
OTKPHTH YCHALM W MPENOPHKM 33 ANaHMaHE 1 OCHLUECTBABAHE Ha EXyMTHBALMOHHI pabomit. [TpEJUNCTBOTO Ha TO3H BT aHHM €, e Ca B
LiNOB B, TIechH ca3a 0GpaboTka 1 aHaniss B pasni4HM WHDOPMALIOHHM DOpMATH. 3a BEDUDIKALIA Ha pesyITaTHTE Ca MDOBEAEHH HaseMHi
CMEXTDOMETDIHI ISMEDBaHHA Ha 0DpasLH 0T W3CTnBaHHTE pailoni. Hanonasank Ca JBy- W TPH-KOMNOHEHTH NIAHENHK MOZETM 32 OLEHKA Ha
MHHEDAIIHOTO CHbDKaHWE B OTHDHTATE MUKW KGTO CA WSNON3BaHM CATEIMTHI JAHHK 38 CLlung pavion. KOMeXTHERT Mnakwpa fa Mpno
DETPECHOHEH W KTCTHPEH aHAAS 3 DASIDAHIEBAHE KA KTACOBETE 3eMHO NOKDHTHE. CblLO Taka B MOJETNTE LG C BITIYAT NoBeye
MHHEDaIIH, CaTM W NO4BH.

ABSTRACT.

Surface mining activities in Europe are estimated to cover a large area and range from large
open-cast coal and base metal mines, to much smaller aggregate, industrial minerals, and
building materials quarries. In this paper we suggest that the availability of Landsat TM for
Earth observation allows the collection of environmental and mine-related data for use in the
planning and undertaking of mine restoration work on costeffective basis. The advantage is
that these data are acquired digitally and can be easily processed and utilized in various
information formats. For verification of the results spectrometric measurements of samples
from test sites are performed. Two- and three-component linear models for estimation of the
mineral composition of an open pit are created using satellite data over the same area. Further
regression and cluster analysis for distinguishing class covers as dump and open mine is
intended. As a future work we consider the development of these models including more

minerals, rocks and soils.
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Borisova D., R. Kancheva, H. Nikolov. Remote sensing technique in soil
monitoring in risk areas. Proceedings of International Conference “100
years Bulgarian soil science”, Part One, 2011, pp.53-57, ISBN 978-954-
749-088-8.

ABSTRACT

Remote sensing is an established technique in environmental studies. Soil monitoring in risk

areas such as open pit mines, landslides, etc. is associated with rock appearance detection.



The actual usefulness of the remote sensing information depends on its accuracy and
reliability. The objective of this paper is to study soils, embedding rocks and their mixtures in
relation to color features. It is shown that the colorimetrical analysis provides means for soil
and rock evaluation. In the paper we report some results of the colorimetrical analysis of
reflectance multispectral data obtained in laboratory, in-situ and airborne measurements.
Experimental data was used to model reflectance and color characteristics of soils and
relevant soil-rock mixtures. This is of a particular interest in remote sensing as far as the
proportion determination of mixtures’ components is concerned being an important issue in
data interpretation. The results provide further confirmation of the potential of remote sensing

technique LSMA (linear spectral mixtures analysis) for soil monitoring in risk areas.
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PEKYNTMBALMOHHMN OEWNHOCTU HA HapyLEeHW TEPEHM OKOSO OTKPUTK
pPyOHUUM C OMCTaAHUMOHHW MeToau 3a macnegpanusi, Proceedings of
Eighth Scientific Conference with International Participation "Space,
Ecology, Safety" (SES'2012), Sofia, ctp. 426-431, 2013, ISSN 1313-
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PE3IOME

AHTPOMOreHHOTO BbL3OENCTBME HA MUHHATa MHOYCTPUS BbpPXY OKONMHaTa cpeda ce Habnogaea
no uenus cBat. [lpe3 nocnegHuTe OeceTUNETUS HSAKONKO MWMHHOAOOWMBHM pavioHn W
CbOTBETHUTE Aena 3a oTnagbum B bbnrapusa ce HabnwogaBaTt 3a npoTMYalLmMTE NPOLECU Ha
pekynTuBauus B TaX. B Tasn paboTa ce cnpsixme Ha uacrnensaHe u nocrnegsallo HabnogeHve
Ha €eKOSIOrMYHUA CTaTyC Ha eOuH OT HaW-BaXXHUTE panoHM 3a NPOU3BOACTBO Ha Med 3a
cTpaHata Hu - MepgeT. Llenute Ha HacTosiwata pabota ca: (1) ga ce aHanuaupar
MHOroCrneKkTpanHu CnNbTHUKOBM AaHHM 3a nepuoga 1972 - 2011 r., 3a ga ce ouUeHu
3aMbpCABaAHETO Ha OKONHaTa cpefda OT MUHHA AEMHOCT B panoHa Ha OTKpUTUSA pyaHuK Mepet
BbB BpeMeTo, (2) ga ce [oKaxe, 4Ye C MoMollTa Ha AUCTaHUWOHHUTE u3crneaBaHusa wn
HabnaeHNa MoXxe Aa ce HampaBu KOMMSIEKCHa OLEeHKa Ha Bb3OEeNCTBMETO BbPXY OKOMHaTa
cpepa. Cneg npeycraHoBsiBaHe Ha ekcnnoartauuaTa Ha pygoHuk Mepget npes 1994 r. e
cb3gjageHa W 3anodBa nporpamMa 3a pekynTMBauus Ha rnodBeHaTta MokpuBKa W
xuaporpadgckata mpexa. Ot 1995 r., 3a Han-manko 15-roguweH nepmnoa, NOCTOSIHHA 3ajadya e
npocneasBaHETO Ha Te3an pAenHocTn. CumTame, 4Ye pasKpMBaHETO Ha MoTeHuuana Ha
MHOrOCMNEKTparHUTE CMbTHUKOBM M300paXXeHus, aHanM3npaH1 BbB BPEMETO, Le NPeaocTaBn
LeHHa nHdopmaumna 3a Bb3geNCTBMETO HA MHOroroguliHaTa MMHHa ENHOCT BbpXYy OKOSHaTa

cpena. EoHa ot NbpBUTE CTBMNKr € Wn3non3eBaHeTo Ha MeToauM 3a YCTaHOBABaHE Ha



nocTeneHHaTa NpoMsiHA 3a OuEeHKa Ha KPaTKOCPOYHUTE PEKYNTUBALMOHHW OENHOCTM u4pes
n3criegBaHe Ha CbCTOSHMETO Ha pacTuTenHaTa NoKpuBka B panoHUTE OKOMO pygHuka. 3a ga
M3NbIHUM Ta3u 3agada 6sxa nanonssaHn gaHHM ot Landsat TM/ETM+, cbyeTaHu ¢ AgaHHUTE
OT NPOBEAEHNTE Ha MACTO namepeaHund. 3a obpaboTka Ha JaHHMTE BsiXxa NPUIOXXEHW HSAKOMKO
MeToda, KaKTo CTaHgapTHUTE cTaTucTMyeckn obpaboTkun, nogobpsBaHe Ha nM3obpakeHNeTo n
CWHTE3 Ha QdaHHWUTE, Taka M HOBM METOAM 3a KOHTponupaHa knacudpukaums. NonydyeHuTe
pes3yntatM nokaseBaT, 4Ye W3MOM3BaHMTE [OaHHU W MPUIIOXKEHUAT MOAXO4 ca MOoNe3HM B
HabMAEeHNEeTO Ha OKOMHaTa cpeda M MKOHOMUYECKN M3FOOHU 3a KOMMaHusTa, OTrOBOpHA 3a

€KOJTIOTM4YHOTO CbCTOAHME Ha pernoHa.

ABSTRACT

The anthropogenic impact of the mining industry on the environment is seen all over the world.
In the last decades several mining areas and corresponding waste disposal sites in Bulgaria
are being monitored for ongoing reclamation processes. In this research we were focused on
one environmental status of one of the most important copper producing fields for our country -
Medet deposit. The objectives of the study were: (1) to analyze multispectral satellite images
for 1980 - 2000 in order to assess the environmental pollution from the mining activity in the
Medet open pit mine in temporal perspective; (2) to prove that by means of remote sensing an
integrated environmental impact assessment can be made. After ceasing its exploitation in
1994 a rehabilitation program for soil cover and hydrographic network was established and
launched. A continuous task is the monitoring of these activities from the beginning for at least
15 years period. We consider that revealing the potential of satellite multispectral and
multitemporal imagery will provide valuable information on the impact of this long-term mining
activity on the environment. One of the first steps change detection methods were used to
assess the short-term reclamation activities by examination of vegetation cover status in the
areas surrounding the mine. To complete this tasks data from Landsat TM/ETM+ instruments
combined with in-situ measured data was used. For data processing several techniques, both
standard, such as basic and advanced statistics, image enhancement and data fusion, and
novel methods for supervised classification were used. The results obtained show that used
data and the implemented approach are useful in environmental monitoring and economically

attractive for the company responsible for the ecological state of the region.
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ABSTRACT

Natural and artificial water basins are main source for water used by agriculture, industry and
households. Traditionally the level, respectively the area, of these water bodies is monitored
locally by gauging stations. In this paper the effort we put is in finding reliable procedure to
obtain the mean water level from remotely sensed optical data. Topolnitsa dam was selected
as test site for our study due two reasons — first, it has been used in previous research
activities, and second it has serious impact on environmental state of the area where it is
located. In the framework of this research we developed a method for solving the task
mentioned using freely available data (multispectral and in-situ) and processing software.
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Hristo Nikolov, Application of machine learning method in classification
of rock types in open pit mines, 8" Congress of Balkan Geophysical
Society in Chania, Crete, Greece, 4-8 October 2015

ABSTRACT

Support vector (SV) method for classification originates from supervised machine learning
methods. Although theoretically developed in the 70-ties of the 20-th century it was
significantly improved in theory and practically implemented in the late 90-ties. Originally
intended and elaborated as two class separation procedure it was latter transformed in robust
multiclass classification technique. In this research the SV based technique for classification
has been used for discrimination of rock types found in and around the open pit mines of
Asarel-Medet mining complex located in the Srednogorie copper-porphyry mining region. The
data used for the experiments are from the multispectral instruments TM/ETM+ onboard
Landsat satellites from the same season of two different years. For ground trutning polygons
having nomenclature under CORINE EU project were taken and adapted to the needs of this
research. The results after classifying the area under study confirmed that the method
selected is robust and offers good alternative to other approaches used for this task. In
conclusions it is mentioned that for improvement of the outputs better spatial resolution is

essential, but also more and narrower spectral bands would offer an advantage.
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Hristo Nikolov, Borisova D., Tracing landscape changes near open pit
mines, Third SCGIS conference “Geoinformation technologies for
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54-63

ABSTRACT

Open pit mining areas in Europe are responsible for 8333 km2 according to Corine2006 data.
In this paper we focus our research on the change of landscape in the one of the most
exploited mining regions of Bulgaria — Panagyurishte ore region. We investigate the impact of
the mining industry in this specific region since it is exploited starting in the early 60-ties of the
last century. In our previous research we traced the changes of the environment at small scale
investigating specific open pit mine and one of the conclusions was that an extensive study
encompassing the whole region is needed. In this case we are focused on the developments
taking place in larger area and the impact this specific type of activities has on the land
cover/land use. We expect that the results from this study can be used for better planning at
regional level. Main source of data used throughout this research are multichannel data from
TM/ETM+/OLI instruments and this choice was based on the two essential for this study
requirements — repeatability of the data and derived products and the open access to them.
For verification of the results additional data from other sources were also used — in-situ

measurements made by the team at specific points of interest, digital orthophotos, DEMs, etc.
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Hristo Nikolov, Atanasova, M., Landslides monitoring near Kranevo by
means of INSAR, Third SCGIS conference “Geoinformation technologies
for natural and cultural heritage conservation”, 2016, ISSN 1314-7749
ABSTRACT

The InSAR method provides fast and accurate means for detecting even Earth’s small
movements of magnitude several centimeters which is particularly suitable for landslides
monitoring. The information obtained by this technique is based on interferograms resulting
from phase data processing contained in two images from different dates over the same
region. One advantage of this method is that it can combine data from different SAR
instruments using same wavelength thus providing larger time coverage for one and the same
area. Based on this time series data conclusions can be made regarding the speed of

movement of the land for several time epochs. Compared to field checks and measurements



the INSAR interferograms, obtained from satellite-based instruments, cover larger areas thus
offering cost effective manner for monitoring this natural phenomena.

The motivation behind this research was twofold — first to provide high quality information with
regard to continuous monitoring of the site under study and second to make use of freely
accessible data from Sentinel-1 SAR mission by ESA whose main data acquisition mode is the
interferometric one. Other goal that was achieved throughout this study was that, as our
expectations were, we could detect small horizontal movements regardless the short time
period between the two images used for interferograms creation (in this case the first image
was dated Nov 2015 and the second one was dated Jan2016). The results obtained provide
solid grounds to make reliable forecast with regard to further progress of the landslides
processes in the studied area although the data used are from relatively short time period (less
than one year). For the zone investigated the detected movements are of magnitude of 1.5 to
2cm. Those data will be overlaid with a map for the susceptibility landslides map for the same
region and with map of land cover/land use.
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PE3IOME

B HacTodwarta cratua ca npenctaBeHW pesynTtatu nonydeHu npu obpabotkata Ha SAR
n3obpaxkeHusl, KoATo 6e HacoyeHa KbM OTKpUBaHE Ha gedopMaunn Ha 3eMHaTa kopa. Llen Ha
nscnegBaHeto 6e gJa ce npeanoXu TOYeH W HagexaeH MeToh 3a peructpypaHe Ha
BEPTUKANHN W XOPU3OHTaNHW [OBMXEHWST Ha 3emMHaTa Kopa, MNOo3BONsABaLl perynspeH
MOHUTOPUHI Npe3 KpaTkKM WHTepBanu oOT Bpeme (okono 3 Meceua) M Jonbhsaly
WH(popMaLMsaTa norydaBaHa OT TreOAde3NYecKu, CEeU3MUYHWM W Apyr Tun HabnwogeHus.
KoHkpeTHaTa 3agava 6e, npunarankm nNpeanoxeHuaT METOA, Aa Ce YCTAHOBW CTeneHTa Ha
aHTPOMOreHHO Bb3gencTeMe B panoHa Ha MUPOBCKOTO KaMEHOCOMHO HaxoauLle.
MpunoxeHuat meton, wusnonseaw, DINSAR, nokasa TbpceHUTe KadecTBa, KouTo Osixa
NOTBbPAEHM OT pes3yntatuTe cried HEroBoTO npunaraHe Bbpxy Tpu Habopa SAR gaHHu
nofny4yeHn B paMKuTe Ha nocnegHarta roguHa. [JonbnHutenHa MoTMBauus 3a NpoBexaaHe Ha
n3crnegBaHeTo 6e 1 akTbT, Ye B TO3M paroH AedopMaLMOHHMTE MPOLECK ca NPeaMET Ha
n3cnegeaHe npes3 nocnegnute 20 roanHn n 6e Bb3MOXHO [a Ce HanpaBu CpaBHEHME C AaHHN

OT NpoAbIKUTENEH nepunoa.



ABSTRACT

In this article presented are results obtained after processing several SAR images focused on detecting
deformations of the Earth's crust. The problem we solved is to elaborate and verify an accurate and
reliable method for registration of vertical and horizontal movements of the Earth's surface by means
of regular monitoring at short intervals (about every three months) using satellite and complementary
data acquired by surveying, seismic and geophysical observations. The specific task to be solved was to
apply the proposed method in order to determine the extent of anthropogenic impact in the area of
Mirovo salt deposit. The method applied based on DInSAR fulfilled the requirements which is affirmed
by the results from three sets of SAR data collected in the last ten months. Additional motivation for
conducting this study was the fact that in the area investigated the deformation processes are subject
of research for more than 20 years and it was possible to make a proper comparison of the results with

data from large period of time.
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PE3IOME

CnbTHUUMTE, KOUTO OOMKanaT okono 3emdAta, ocurypsiBaTt OrpoMeH o06eM AaHHw,
NpeaocTaBslWM Ha wmscnegoBaTenuTe M OGM3HEca HOBU BBH3MOXHOCTW 3a WU3CnenBaHUs U
passutne. EgHa oT cTbnkuTe nNpu nonyyaBaHe Ha MHGOpMaums OT ONTUYHU LaHHU BbB
sugummus /VIS/ n 6nuskna nHdpadvepeeH /NIR/ obxeatnm e ga ce npeBbpHAT CNeKTpanHute
KnacoBe B WH(OPMaLMOHHWM KnacoBe. 3a MOCTMraHeTO Ha Tasn 3ajada ce u3nonsear
pasnuyHN Noaxoan, kKaTo HanpumMmep knacudukaums c/6es HabnwgeHne, 0OEKTHO-OpPUEHTUPAH
aHanua Ha nusobpaxeHus, eBPUCTUYHM MeToaM U T.H. 3a onTumManeH u3bop Ha cnekTpanHute
KaHanuM C uen HamansBaHe Ha W3NUWbKa B HanuyHaTa MHAOPMauUMsa Npu OaHHWUTE OT
ANCTaHUMOHHN u3crefBaHnsi, KOUTO LWe Ce M3Non3BaT B CNomMeHaTtuTe npouecu, oT
CbLUECTBEHO 3HAYEHWEe ca TUNUYHUTE CMEKTPanHW XapakTEPUCTUKM 3a OTAENHUTE Kracose,
kouTo ca oOekT Ha wuscnegBaHe. ToBa € npuynHata fa MNpPeanoXvMm ga ce cb3gage
cneunmyHa u ga ce oborataT HanuyHM chekTpanHu OombnuoTekn, KbOEeTO TakuBa
npeacTaBuTeNHN Habopn OT AaHHM MoraTt Aa 6baaT HamepeHu 3a NoBeYeTo 06EKTM, KOUTO ce
pasno3HaBaT Ha 3emMHaTa MNOBLPXHOCT. B ToBa u3cnegBaHe ce onuTBaMe Aa AOKaXeMm
HeobxoanmocTTa OT gobaBsaHe Ha NoBeYye CnekTpanHU AaHHW (BKMOYMTENHO M MeTadaHHW)

KbM CbLUeCTBYyBaLLUTE CNEeKTparHn ounbnmoTtekn c OTBOpPEH A0CTbI.



ABSTRACT

The satellites orbiting the Earth deliver enormous volume of data providing researchers and
businesses with new opportunities. One of the steps in producing information from optical data
in the visible /VIS/ and near infrared /NIR/ ranges is to convert spectral classes into
informational classes. Several approaches such as supervised/unsupervised classifications,
object-based (or object-oriented) image analysis, heuristic methods, etc. are implemented in
order to complete this task. For optimal selection of the spectral bands for removing the data
redundancy present in remotely sensed data that shall be used in the mentioned processes
essential element is to have typical spectral signatures for the classes of interest. This is the
reason to create and enrich spectral libraries where such representative data sets can be
found for most of the objects present in the land cover. In this study we try to proof the need in
adding more spectral data to the existing spectral libraries with open access along with
metadata as well.



