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Hoknanu Ha Brirapckara akazeMus HAa HAYKIITE
Comptes rendus de ’Académie bulgare des Sciences

Tome 53, No 4, 2000

EXPLORATIONS COSMIQUES

CYTOGENETIC AND SPECTROMETRIC STUDY
ON CADMIUM POLLUTION IN PEAS!

A. Mehandjiev, S. Chankova, Y.Todorova, S. Noveva, D. Mishev*,
R. Kancheva*, D. Borisova*, R. Christova**, V. Capchina-Toteva***

(Submitted on December 16, 1998)

Introduction. Environmental pollution is a world problem whose importance is to
a great extent linked to the toxic action of a number of substances on plant biosystems.
A special interest is demonstrated towards the contamination of soils and waters with
heavy metals and their influence on the physiological development, adaptive ability
and productivity of agricultural species. The mutagenic effect of heavy metals deserves
serious attention and studies. Last but not least is the problem of toxic elements ac-
cumulation in plants and the ecological quality of production. The investigation of
these issues is the subject of the experiments carried out for determining the effect of
cadmium contamination on biometric, biochemical and cytological parameters in peas.
The measurement of spectral reflection characteristics aims at the assessment of the
stress factor impact on plant state and growth parameters.

Materials and methods. Field and laboratory experiments with the fodder
variety of peas Pleven-4 were carried out. Dry and metabolically activated seeds (soaked
in water for 24 hours) were used. For the detection of the potential clastogenic activity
of CdCl; and its influence on mitosis cytological studies were also carried out. They
were based on two tests — anaphase analysis for determination of the induced injuries
in the mitotic chromosomes of peas and mitotic index (MI).

Two expositions of treatment were applied — 1(*) and 24(**) hours with the fol-
lowing CdCl; concentrations: 0.5, 2.5, 5, 10, 20, 30 mg/l. Root tips of lengths from 1.2
and 1.5 cm were fixed in a mixture of Clarke and staining after Feulgen. Temporary
preparations were made — 10-15 roots for each variation. Two types of control were
used: a negative control (distilled water) and a positive one (ethylmethane sulfonate —
EMS and ethylene amine - EI).

For the study of the soil contamination effect both on peas growth and heavy
metal accumulation in various parts of the plants pot experiments were performed
(in 4 replications) with the following CdCl,.2.5H,0 concentrations: 5, 10, 15, 20, 30
mg/kg. For determining of Cd content in the soil and plants atomic-absorption spectral
analysis implementing the wet mineralization method was applied [!]. The cadmium
concentration of the pot treatments was measured before plant sowing and at the end

This study was supported by the Bulgarian National Science Fund under contract CC 614/96.
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Hoknanu ma Brirapckara akagemMms Ha HayKUTe
Comptes rendus de I’Académie bulgare des Sciences

Tome 54, No 5, 2001

EXPLORATIONS COSMIQUES

EFFECTS OF CADMIUM POLLUTION IN PISUM SATIVUM
DEPENDING ON THE GROWING CONDITIONS

R. Kancheva, D. Borisova, V. Kapchina-Toteva*, S. Chankova**,
N. Naidenova***

- (Submitted by Academician D. Mishev on November 11, 2000)

Introduction. Environmental contamination arouses serious problems in agricul-
ture and imposes the searching of approaches to plant protection and soil sanitation.
Cadmium is among the most toxic heavy metals and belongs to the elements that are
not necessary for plant metabolism. It provokes disturbances in their vital processes
whose symptoms are depressed growth, root system damages, chlorosis, etc. [1-3] being
at the same time a potential mutagenic factor [¢4].

This study has two main goals. The first 1s to compare the Cd-pollution impact
on biological parameters of Pisum sativum grown in water and algae supernatant. It is
prompted by the supposition [5] that green algae could probably block to some extent
the heavy metal effects on plant systems. The second purpose concerns the possibility
of plant state diagnostics using their spectral reflectance characteristics [5:7{.

Materials and methods. Five days old Pisum sativum sprouts of cultivar “Bo-
gatir” were grown during 15 days in water and algae supernatant with CdCl; introduced
in concentrations 0, 10, 20 and 30 mg/l. The supernatant was obtained as described
in [8] from Chlamydomonas reinhardiii cell wall less mutant strain (kindly provided by
Prof. Btyant, St. Andrews University, U.K.) cultivated 5-7 days in nutrient medium.

The spectral reflectance measurements were performed by a multichannel radiome-
ter in the visible and near infrared region (400-820 nm). For the interpretation of
the spectrometric data various vegetation indices (VI) [6:7:9] were used. Their choice
(wavelengths and formulae) were meant to point out specific changes in the reflectance
properties due to plant state variations.

The stem length, the fresh above-ground biomass, the canopy cover and the con-
centration of plastid pigments were used as bioindicators of the cadmium toxic effects.
Its impact on plant root system does not reveal itself directly in the spectral charac-
teristics so it is a subject of another publication.

This study was supported by the National Science Fund of the Bulgarian Ministry of Education
and Science under contract CC-6/98.
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Hoxsianun Ha Bnimrapckara akageMuss Ha HAyKWUTe
Comptes rendus de ’Académie bulgare des Sciences

Tome 55, No 4, 2002

EXPLORATIONS COSMIQUES

PLANT CANOPY COVERAGE AND COLOUR FEATURES
R. Kancheva, D. Borisova, D. Mishev

(Submitted on December 20, 2001)

Abstract

The colorimetric characteristics of a mixed “soil-vegetation” class are studied.
An original approach is proposed for estimating plant canopy coverage.

Key words: spectral reflectance, colour coordinates, mixed class, vegetation
coverage

Introduction. One main goal of the remote sensing of vegetation is plant state
assessment. The evaluation of crop status is given on the basis of a number of phy-
toparameters such as biomass, hight, leaf area index, etc. Spectral transformations of
multichannel radiometric data (ratios, normalized differencesl)) relating plant reflectance
properties to bioparameters are commonly used for thier estimation [1: 2.

The objective of this work is to investigate the relationship between canopy cov-
erage and some colour characteristics of the “soil-vegetation” system.

Canopy coverage is an essential plant feature, especially with agricultural crops,
because:

— it is a growth parameter and can be used as an indicator of normal plant
development or stress impacts during the vegetation process [3];

— it strongly correlates with the other bioparameters [2 3] thus being in a way
their joint expression.

In respect to remote sensing of “soil-vegetation” systems the canopy coverage is
of great interest as it represents the relative proportion of the two components within
the mixed class object and defines its spectral reflectance [¢]. This determines the
dependence of the “soil-vegetation” colour characteristics on the canopy coverage.

Another reason for the conducted investigation is the small number of examples
about the utilization of colour features in crop monitoring [3 6] as well as our ambition
to explore their potential in respect to vegetation studies.

Materials and methods. Reflectance data were collected from greenhouse grown
peas. The plants were grown on alluvial-meadow soil. The illumination source was a
halogen lamp. Barium sulfate was used as a reference standard. The canopy coverage
of the plots varied from bare soil to full vegetation cover.

From each spectral reflectance curve the tristimulus values XY Z and the trichro-
matic coefficients zyz were computed. The colorimetric analysis included also the deter-
mination of the dominant wavelength A\; and the excitation purity p.. The calculations
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Hoknanu Ha Bwirapckara akazeMms Ha HAyKATe
Comptes rendus de ’Académie bulgare des Sciences

Tome 56, No 2, 2003

EXPLORATIONS COSMIQUES

TWO TECHNIQUES FOR SPECTRAL CLASSES
DECOMPOSITION FROM THEIR
MIXTURE REFLECTANCE

R. Kancheva, D. Borisova

(Submitted by Academician D. Mishev on November 27, 2002)

Abstract

On the example of soil-vegetation covers two methods are studied for their poten-
tial to decompose mixture components from spectral reflectance data. The reliability
of the methods is examined and their improved accuracy when used together is shown.

Key words: mixture reflectance, canopy coverage, colour features, dominant
wavelength, mixed classes decomposition

Introduction. Decomposition of mixed classes and determination of their com-
ponents’ proportions are an essential task in remote sensing. Soil-vegetation covers are
a typical example and most common case of mixed classes. The goal of this study is
to compare different techniques (colorimetric analysis [1] and reflectance spectra trans-
formations [2:3]) for canopy coverage estimation from multispectral data. The coverage
coefficient defines, on the one hand, the proportions of soil and vegetation in the mix-
ture and, on the other hand, is an important bioindicator of plant state and growth,
thus being of particular interest in remote sensing crop monitoring [4].

Materials and methods. Reflectance and biometrical data from Pisum sativum,
Hordeum vulgare, rye-grass and Hibiscus rosa-sinensis were used in the study. Ground-
based reflectance measurements were performed under artificial illumination (halogen
lamp) with a nadir multiband radiometer in the spectral range 400-800 nm with a 10
nm step. For the peas plots they were carried out weekly during two months of plants’

rowth.

© Colorimetric analysis was performed according to the CIE 1964 standard methods
[5] in the spectral range 450-700 nm for Dgs light source. The tristimulus values X, Y, Z,
trichromatic coefficients z, y, z and dominant wavelength \; were calculated from each
spectral reflectance curve. The spectral transformations (so-called vegetation indices
VI) used in the study are presented in Table 1. Some of them were chosen for the reason
of being among the most widely used in vegetation monitoring (ratios, contrasts and
normalized differences in the red (R) and near infrared (NIR) spectral bands — VI 1, 2,
3 ,4), and others for being considered colour indices (VI 5) or modified (VI 6, 7) and
integral (VI 8, 9, 10) colour indices. A new spectral index (VI 12) proposed in [6] was
also tested.
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INFORMATIONAL POTENTIAL OF VEGETATION SPECTRAL REFLECTANCE
IN ANTHROPOGENIC IMPACT STUDIES

Rumiana Kancheva

STIL - BAS
Sofia 1113, Bulgaria
Acad. G.Bonchev str.,bl.3
E-mail: rkanchevastil@abv.bg

ABSTRACT

Denitsa Borisova

STIL - BAS
Sofia 1113, Bulgaria
Acad. G.Bonchev str.,b 1.3
d_borisova_stil@abv.bg

Georgi Georgiev

STIL - BAS
Sofia 1113, Bulgaria
Acad. G.Bonchev str.,bl.3
ggeorgievstil@abv.bg

The serious ecological probiems relevant to the anthropogenic impact on the environment, and first of all on the biosphere, impose the necessity of methods for
assessing these effects especially on vegetation land covers. In agriculture the possibility for timely identification of abnormal crop state is of particular importance.
This paper is devoted to the implementation of reflectance spectra as informational featute about plant status as well as for the assessment of anthropogenic factors
impact on plant development. Some results from ground-based reflectance measurements of plants grown up under different conditions {nutrient regime, heavy metal

poliution) are presented.

The special attention paid to ecological problems asscciated
with the anthropogenic impact on the environment, and first of
all on vegetation, determines the importance of studies
directed towards the development of efficient means for early
phytodiagnostics. The identification of abnormal plant state
(Kancheva, et al, 1992; Shibayama et al, 1993 KvHuyeBa u
dp., 1996) caused by various stress factors such as soil toxic
contamination is of particuiar interest. Remote sensing has
proved abilities in this respect.

The goal of the this paper is to illustrate the use of spectral
reflectance data for crop monitoring when anthropogenic
factors are applied, represented here by nitrogen fertilization
and soil heavy metal pollution.

The specific reflectance, absorption and emission of solar

radiation by land covers is the basis of multispectral remote
sensing. Widely used in soil and vegetation monitoring is the
visible and near infrared (0.4-1.3 um) spectral range due to
some its advantages; such as: concentrates the largest portion
of solar energy, covers the biologically active spectra, requires
relatively simple technical devices, shows significant sensitivity
to plant parameters variations.

At the root of spectrometric studies lies the fact that the
reflected by the object radiation contains information about its
biophysical properties. This information is carried by the
specific spectral and energy distribution of the reflected solar
radiation, i.e. by the reflectance coefficients r(A) which form
the spectral reflectance characteristic R{r(A)} and are spectral
informational features of the studied object, its ‘spectral image’.
Vegetation covers are characterized by a composition of
biomorphological parameters ®k which are their ‘substantial
features’. .

The so called ‘inverse task’ is to be solved that means to
estimate the parameters ®k using measured spectral

reflectance R{r(A)}. A basis for the purpose provides the
dependence of the reflectance features on the kind, properties
and current state of the object. This dependence actually
determines the informational content of spectral features.
Vegetation reflectance for instance is a function of a number of
bioparameters such as density, height, biomass, leaf area,
chiorophyll, etc. This means that plant parameters variation
cause reflectance spectra changes, i.e. between the
radiometric and biophysical properties there exist adequate
relationships  R{r(A)}=f(®k) which not only determine the
informational content of spectral data but attaches to it
quantitative expression.
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Figure 1. Spectral reflectance of spring barley plots with
different plant canopy coverage.
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Hoxnanu Ha Bwirapckara akagemms Ha HAYKUTE
Comptes rendus de ’Académie bulgare des Sciences

Tome 57, No 7, 2004

EXPLORATIONS COSMIQUES

PLANT SENESCENCE AND SOIL BACKGROUND IMPACT ON
VEGETATION REFLECTANCE AND COLOUR FEATURES!

R. Kancheva, D. Borisova

(Submitted by Academician S. Panchev on January 21, 2004)

Abstract

Spectral transformation techniques and colorimetrical analysis of experimen-
tal and modelled data sets are used to reveal plant senescence effects (physiological
changes during the growing period or stress symptoms) and the impact of soil spectral
properties (varying with soil type and colour, surface roughness, moisture, etc.) on
vegetation reflectance. Some results of this study concerning the estimation of green
vegetation amount are presented.

Key words: reflectance properties, vegetation indices, colour features, dominant
wavelength, soil background, plant senescence, spectral mixture decomposition

Introduction. Plant growth monitoring by remote sensing is closely connected to
vegetation amount estimation. The actual usefulness of the applied methods depends
on their accuracy and reliability. A basic problem in data processing and interpretation
is spectral mixture decomposition and land cover classification. The objective of this
paper is to study the effects of plant senescence and soil background on vegetation
reflectance with respect to green canopy estimation. Spectral ratio and colorimetrical
analyses of experimental and modelled data are used for mixture decomposition and
components’ proportions evaluation.

Materials and methods. Ground-based in situ and greenhouse reflectance mea-
surements of various vegetation types (alfalfa, wheat, barley, peas, carrots, maize, sun-
flower, grass) with different soil background and degree of senescence were performed in
the spectral range 400-820 nm. The soil diversity was presented by dark and light soils
(chernozem, brown, laterite red, grey forest, alluvial, meadow) with different properties
(mineral composition, organic and moisture content, surface roughness and salinity).
The spectral reflectance curves of some of them are given in Fig. la illustrating the
large range of soil reflectance signatures.

The variety of green and dried vegetation amounts (the latter related to chlorophyll
decrease in mature plants or plant damage) was achieved during plant development

'This study was supported by the Bulgarian National Science Fund under contract B-1306/03
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ExonorMyHo uHXXeHepCcTBO U onasBaHe Ha okonHata cpega, No - . 2005, c. 4-9

YCTAHOBABAHE HA PU3NOJTIOMNYEH CTPEC NMPU
PACTUTEJTHOCT YPES3 UITNOJISBAHE HA CNEKTPAITHU
OAHHN

PymsaHa KbHuesa, Minko Unues, enuua bopucosa, Ctedka YaHkosa, BeHeta Kanuuxa

DETECTION OF PLANT PHYSIOLOGICAL STRESS USING SPECTRAL DATA

Rumiana Kancheva, llko lliev, Denitsa Borisova, Stetka Chankova, Veneta Kapchina

Abstract: Ecological problems relevant to anthropogenic impacts on the environment and first of all on the
biosphere, are of global importance and draw the attention of various scientists. They impose the necessity
of efficient means for assessing the effects of anthropogenic factors especially on vegetation land covers.
The heavy metal pollution is one of the most severe problems concerning natural vegetation resources as
well as agricultural crops. Among the different methods used for plant phytodiagnostics an increasing role
become to play the spectrometric ones. The radiaticn behavior of land covers lies at the root of the
spectrometric studies. The visible and near infrared (0.4 - 0.9 pm) measurements have proved abilities for
vegetation monitoring. The reason is that this wavelength range reveals significant sensitivity to plant
biophysical properties. The information is carried by the specific vegetation spectrai characteristics which
depend on such plant parameters as biomass amount, leaf area; cover ratio, chlorophyll content, etc. These
parameters are associated with plant development and are closely related to vegetation physiological state.
In this study multispectral data of transmitted by peas leaves irradiance in the (540-800) nm spectral range
have been used to show the possibility for detection of plant physiological stress caused by heavy metal
pollution. The effects of CdCI2 applied in different concentration are associated with plant chlorophyll and
carotenoid variations.

Key words: spectrometric studies, vegetation physiological state, heavy metal pollution, plant stress
detection

Cpep pasnuMuHuTe NPUIOXKEHUA Ha CreKT-

BbBELQEHWUE

A pOMEeTpuUHMTE METOLM, U3NOoN3BaHW 3a WU3C-
Exonoruusute npobnemy, cBbP3aHM € aH-  NefBaHe Ha pacTuTenHarta noKpueka, CbLLecT-

TPOMOreHHOTO 3aMbpCABAHE Ha OKonHaTa BEHO MACTO 3aema ¢uToguarHocTukara, HeuH

cpena, oTgaBHa CTOAT B LEHTbpa Ha BHUMA-
HUETO Ha CbBPEMEHHUA WUHOYCTPUASIEH CBAT.
PacTutenHara nNokpMeBka € CepuMo3HO FOoTbp-
nesLwua ot notnepguunTe Ha ToBa 3aMbpcsBaHe,
nopapgu koeTo € oBeKT Ha MHOroCTpaHHU, pas-
MMYHM Mo xapakTep u mMawjabHocT macnepBa-
HUA OTHOCHO BSIMSHWETO Ha pefmua TOKCUUHU
BeljecTsa. [ofiamMa JacT OT Tesun U3cnenBaHus
KacaaT ¢uavonoruaTa u passBuUTMeTo Ha pacTe-
HUfTa, apantauusTa, penpoaykTvBHaTta um
CNnocobHOCT, FeHeTUUYHWTE W3MEHEHUA U Mp.
Hapep c TpaguuvoHHUTE cpeficTBa, BCe MO-
LWMPOKO pasnpocTpaHaBalla ce TeXHONorus 3a
PacTUTeneH MOHUTOPUHI ca HAUCTaHLUOHHWUTE
MeTO[M, NpU KOUTO Ce PerncTpupar cnekrpan-
HO-EHEPreTUYHUTE XapakTepucTukn Ha obek-
TUre.

Ba)KeH acnekT e OTKPUBAHeTO Ha aHoMarnHu
CbCTOAHMA Ha pacTutenHute obektn. ipeHTu-
duKauuaTa Ha TakMBa CbCTOSHNA Ce OCbLUEeCT-
BAiBA Bb3 OCHOBA Ha ¢akra, ue cTpecoBuTe
B'bS,DIEI?ICTBMH npnynHABaT NOTUCKaHe B pas3Bu-
TWeTOo, oTpas3saBanKn ce BbpXy pegvya pacTtu-
TenHu Buonokasarenn kato buomaca, NMCTOB
UHOEKC, MPOEKTUBHO MNOKPUTHE, NUIFMEHTHO
cbabpxaHue u np. OcBeH ue ca nokasarenw
3a CLCTOAHMETO Ha pacTutenHarta MnokKpuska,
Te3n napamMmeTpu onpefendaT HeuHuTe CnekT-
panHu CcBoMCTBa W CLOTBETHO WN3MEpBaHWUTE
criekTpaniu xapaktepuctuku [1-4]. HacTtoswa-
Ta pabora e uacT OT cepuf eKCnepuMeHTH,
NpoBEXKAAHW C pas3nnyHu arpokyntypu (eue-
MUK, FIOLlepHa, rpax) M eKONOruYHU YCMoBKA
Ha oOTrnexxpgaHe (3aMbpcaBaHe C  HUKES,



CROP SPECTRAL REFLECTANCE
WITH REFERENCE TO GROWING
CONDITIONS

Rumiana Kancheva, Denitsa Borisova
Solar-Terrestrial Influences Lab.-BAS E-mail: rumik@abv.bg, dsbn@abv.bg

Abstract

Ecological problems relevant to anthropogenic impacts on the environment,
and first of all on the biosphere, are of global importance and draw the attention of
various scientists. They impose the necessity of efficient means for assessing the
effects of anthropogenic factors on vegetation land covers, for instance. In
agriculture the possibility for early phytodiagnostics and timely identification of
abnormal crop state is of particular importance. Remote sensing techniques have
proved abilities in this respect. The goal of the paper is to illustrate the
implementation of spectral reflectance data for crop monitoring during plant
growth. Vegetation reflectance spectra are used as an informational feature about
crop development under different conditions which are represented here by
nitrogen fertilization and heavy metal contamination.

The anthropogenic impact on the environment, and first of all on the
biosphere, impose the necessity of efficient means for vegetation
monitoring. In agriculture, for instance, crop state assessment and detection
of stress situations is of particular importance. This paper shows the
potential of crop spectral reflectance as an informational feature about plant
growing conditions.

The different radiation behaviour of land covers lies at the root of
spectrometric studies. The visible and near infrared (0.4 - 0.9 pm)
measurements have proved abilities for crop monitoring [1,2]. The reason is
that this wavelength range reveals significant sensitivity to plant biophysical
properties. The information is carried by the specific distribution of the
reflected radiation which depends on such plant parameters as biomass
amount, leaf area, vegetation cover ratio, chlorophyll content, etc. They are
growth parameters associated with crop phenological and physiological
development and closely related to the growing conditions.

Some results are presented here from experiments with spring barley
and peas treatments grown under different nutrient and contamination
conditions. Ground-based reflectance measurements have been performed
with multichannel radiometers [3-5] and regression analyses of the
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SPECTROSCOPY OF LUNAR AND
TERRESTRIAL BASALTS

Denitsa Borisova, Rumiana Kancheva

Solar-Terrestrial Influences Lab.-BAS E-mail: dsbn@abv.bg, rumik@abv.bg

Abstaract

Reflectance spectroscopy is a rapidly growing science that could be used to
derive significant information about mineralogy. Absorption bands in telescopic
spectral reflectance of the moon and other solar system objects are potential for
obtaining mineralogical and chemical information. Real land and solar bodies’
covers are mixtures of materials and the theory of mixed spectral classes is an
efficient method to study various rocks and minerals. Laboratory spectral
measurements of basalt samples have been performed in the visible, near infrared
and thermal infrared bands with multi-channel radiometers. Basalts are mixed
classes of their rock-forming minerals and the data obtained have been used to
illustrate the application of spectral mixture analysis for mineralogical and
chemical differentiation.

Since the earliest days of spectroscopic remote sensing [1] of the lunar
surface electronic transition bands exhibited by lunar soils and rocks in the
visible and near-infrared regions of the spectrum are used to determine
mineralogical composition [2]. Much less is known about the spectral
behaviour of lunar rocks in the thermal infrared.

The interpretation of reflectance spectra of unknown materials requires
an understanding of how the reflectance of different components combines
into a single curve. An efficient method for spectrometric data processing is
the mixed classes’ theory [3]. The real land cover is a mixture of materials at
just about any scale we view it. Rocks are mixture of their rock-forming
minerals. Of particular interest are iron-containing rock-forming minerals
because they are widespread.

Description of measured basalt samples:

1) Terrestrial samples are light grey porphyritic rocks with green olivine
phenocrysts; dark grey slightly vesicular rocks consisting of black and light
green phenocrysts; vesicular rocks with small phenocrysts.

2) Lunar samples are mare regolith.
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REMOTE SENSING & SATELLITE IMAGERY

013 - 02 RECOGNITION OF IRON-CONTAINING ORE MINERALS
AND ROCKS USING REMOTELY SENSED DATA

D.Borisova, H.Nikolov, M.Danov, R.Kancheva
Solar-Terrestrial Influences Laboratory — Bulgarian Academy of Sciences, Sofia, Bulgaria

Summary

Abstract Recognition of iron-containing ore minerals and rocks using remotely sensed data
is a special case. Spectral mixture analysis has as one of the basic objective the definition of
subpixel (subclass) proportions of spectral endmembers (classes) which are related to mappable
surface constituents. Spectral mixture analysis decomposes the mixed pixel determining the
fractions of each spectral endmember which combine to produce the mixed pixel's spectral
signature. The spectral signature of the pixel is a combination (linear or non-linear) of the
spectral signatures of the component surfaces. Assuming linear mixing, (the spatial fractions =
the spectral fractions) we consider these fractions to be the area fractions. In this paper a study
on ore minerals and rocks reflectance and emissivity was conducted. The data used during our
study consists of reflectance VIS-NIR spectra derived from an image of the region of interest and
modern topographic map. Remotely sensed data obtained in year 2000 for a region near an
opencast mine in Bulgaria are compared with laboratory multispectral measurements of rock and
mineral samples performed in the visible, near infrared and thermal infrared bands with multi-
channel radiometers. Field data were collected to describe the characteristics of these classes in
terms of land cover. Our results confirmed that successful methodology for remotely sensed data
interpretation has been worked out.

Introduction

Iron-containing ore minerals and rocks are a special case for remote sensing because they
are so ubiquitous. The iron absorption at (0.8-1.0)-um range is reduced in depth according to it
content. The 0.9-um-absorption line shifts position with elements substituted for iron. For
example, continuum removal and scaling the hematite absorption to similar depth shows the
wide variety of band shapes and positions that can be found in nature. Pixels comprising mixed
spectral information about the objects under study are commonly found in remotely sensed data.
This is due to the limitations of the spatial resolution of the airborne instruments (such as
Landsat, SPOT, etc.) and the heterogeneity of features on the ground. The mixture spectra are
often generated when the pixel covers more than one land cover class. To obtain better results
the mixed pixels are decomposed into different proportions of mineral components.
Characteristic spectral signatures are also used in recognition of the iron-containing ore minerals
and rocks. This paper aims to demonstrate a practical approach in unmixing spectra and
detection of ore minerals from Kremikovtzi obtained from laboratory, in-situ and airborne
instruments. Our basic assumption is that airborne data measured as reflectance in red, near
infrared and mid infrared ranges of electromagnetic spectrum and emissivity spectra in thermal
infrared range are a linear mixture of the mineral composition of studied area. These results are
compared with the results obtained in studying basalts as iron-containing rock type.

Journal of the Balkan Geophysical Society, V'ol. 8, 2005, Suppl. 1
275
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SPECTRAL MODELS FOR CROP STATE ASSESSMENT
CONSIDERING SOIL AND ANTHROPOGENIC IMPACTS

R.Kancheva, D.Borisova
Solar-Terrestrial Influences Laboratory-BAS Bulgaria Sofia 1113 Acad.G.Bonchev Str., bl.3 - rumik@abv.bg; dborisova@stil.bas.bg

Abstract: In the contemporary world aerospace information
gathered by different sensors and numerous observation
missions has become a genuine necessity in various investigation
and application fields. Remote sensing technologies are used for
natural resources management, ecosystem change detection,
environment preservation and in many other world significant
problems. Vegetation monitoring is among the priorities of
remote sensing being associated with plant growth assessment,
stress detection, yield forecasting. This paper is devoted to the
relationship between agricultural vegetation spectral and
biophysical features with consideration of plant growth
conditions. The influence of soil properties and anthropogenic
factors (fertilization, heavy metal pollution) on crop spectral
response has been examined in relation to the applicability of
spectral models to estimate plant variables and assess crop state.

Keywords: remote sensing, vegetation monitoring, spectral
reflectance, soil impact, anthropogenic factors, fertilization, heavy
metal pollution, spectral-biophysical modeling

INTRODUCTION

In the contemporary world aerospace information gathered by
different sensors and numerous observation missions has become a
genuine necessity in various investigation and application fields.
Vegetation monitoring is among the priorities of these
investigations. In agriculture remote sensing is a tool that can be
used to assess plant development process and retrieve information
about plant growth parameters for subsequent input into models for
crop state assessment and yield forecasting. Ground-based studies
are a reference source for verification of remotely sensed data.
Especially advantageous is the ability to vary and control experiment
conditions getting a precise picture of plant spectral response to
different factors as well as to track in detail temporal aspects of plant
spectral properties during the ontogenetic process.

Numerous papers have the objective of retrieving quantitative
information using vegetation reflective and emissive spectra.
Prevailing part of them deal with green phytomass estimation, plant
growth evaluation and yield prediction (Goel, 1986; Thenkabail,
1994; Clevers, 1989; Rudorff, 1990b; Shibayama, 1989). Empirical
modelling appears to be one of the most widely spread tecnique for
vegetation assessment (Weiser, 1986; Gardner, 1986; Malthus, 1993;
Kancheva, 1992) although different conclusions have been made
about the applicability of the obtained models, their dependence on
local conditions and site-to-site or year-to year discrepancy.
(Wiegand, 1990; Weiser, 1986)

This paper is further dedicated to spectral-biophysical modelling of
agricultural vegetation considering growth conditions. The objective
is to examine the impact of soil properties and anthropogenic favtors
(fertilization, heavy metal pollution) on plant spectral behaviour in
relation to crop state evaluation and stress assessment. Ground-based
VIS and NIR spectral measurements have been carried out along
with phenological and biometrical observations in order to establish
empirical relationships between plant reflectance features, growth
variables, productivity and treatments applied.

MATERIALS AND METHODS
Reflectance, biometrical and phenological data were gathered from

spring barley and peas plants within a green-house experiment. The
treatments (twice replicated) comprised of different soil type, heavy

metal pollution and fertilization conditions. The experiment was
conducted with peas grown over alluvial-meadow soil and three
concentrations of Cd contamination (10, 20 and 30 mg/kg). The
spring barley experiment consisted of two parts: NH4NO;
fertilization treatments over chernozem soil with different nitrogen
concentrations (from 0 to 1000 mg/kg) including two more fertilizer
compounds Ca(NOs), and KNOs for the nitrogen concentration of
800 mg/kg, and a second part of Ni-polluted barley treatments grown
over dark chernozem soil (neutral with pH=7.0-7.5) and brighter
grey forest soil (acid with pH=5.0-5.5) chosen for two reasons - their
different reflectance spectra and different response to heavy metal
pollution. Four Ni concentrations of 100, 200, 300 and 400 mg/kg
and equal nutrient amount of NH4;NO; were applied.

Reflectance data were acquired with a multichannel portable
spectrometer from the nadir position over the wavelength range 0.4-
0.8 um at a 10 nm interval. Spectral measurements were performed
weekly during plant development, from emergence till full maturity
for barley plots and till flowering for peas. Among the various
growth and ecologically relevant variables that were measured, the
presented here results concern mainly plant canopy cover, above-
ground biomass and yield. The reason is that variations in vegetation
reflectance are most attributed to green coverage which is at the
same time a primary indicator of crop state. Biomass amount is also
a growth parameter related to plant development and yield forming
processes.

The data sets were statistically analysed to determine correlations
and derive empirical relationships between plant reflectance spectra,
biophysical variables and applied treatments. A regression analysis
was run on vegetation spectral indices using band ratios, contrasts,
normalized differences as a routinely implemented data
transformation (Qi, 1994; Chappelle, 1992; Penuelas, 1994). The
wavelengths selected correspond to absorptions and high reflectance
bands of vegetation spectra in the green (550 nm), red (670 nm) and
near infrared (800 nm) range. Spectral indices were chosen from
those having the best statistical correlation with plant bioparameters
and applied factors, the obtained empirical regressions being
significant at the 95% level of confidence. Special attention was paid
to temporal aspects of plant spectral properties throughout the
growing period. The temporal behaviour of vegetation indices was
regarded as a function of plant ontogenesis and used as a crop
diagnostic feature and yield predictor. Significant variations in plant
state, and consequently in spectral performance, were found
associated with the impact of soil properties and anthropogenic
factors.

RESULTS AND DICUSSION

Various combinations of spectral ratios (Yanev, 1994;
YUnmutnopxueBp 1998) were examined for their correlation with
plant bioparameters and heavy metal contamination. Many of them
demonstrated high R’ values from 0.86 to 0.97. In Fig. 1 the
statistical relationships of NIR/R and R/(G+R+NIR) with barley
canopy cover at pre-heading stage are shown. The dependences were
derived separately for grey soil (1) and chernozem soil (2) plots. If
soil-integrated regression curves are used the estimation error
increases almost twice, the canopy cover of the brighter soil
treatments being systematically underestimated and overestimated
for the dark soil treatments.
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Yeon

CriekTpanHaTta OTpakaresiHa crocoOHOCT Ha nouBata € (QyHKUHMS Ha peauua NOYBEHH NMapameTpH -
MMHEPANEH U MEXaHW4YeH ChLCTAaB, XYMYCHO ChAbPIKaHHUE, BiaxkHocT W ap. (16,17), kowto mpeacrasisBaT
MHTEpeC OT INe[Ha TOUKa HA MHOXECTBO W3C/I€ABAHUA W NIPWI102KEeHUs. [Ipy AMCTaHLIMOHHNUTE H3C/IEaBAHUS
ce H3MOJI3Ba 3aBHCHMOCTTA Ha M3MEPBAHWUTE B pPAa3lIM4HH 00JacTH HAa €JeKTPOMArHWTHHS CHEKTbp
CMEKTpallHd XapaKTepHUCTHKH OT CroMcHature mnouseHH napametpu (3,12,13). Ta3m 3aBucuMoOcT naea
BB3MOKHOCT [0 CIIEKTPAITHU JJaHHU Jia Ce CbIH 3a UHTepeCcyBally HU TIOYBEHH CBOMCTRA.

[lpuHuMneH BBNpOC MPH AWCTAHLMOHHHTE H3CJEABAHHMA HAa OOEKTH BBbPXY 3€MHATa MOBBPXHOCT €
BBIPOCHT 33 cMeceHuTe Kiacore (8,15), Tl Kato uMa o001l XapakTep U ce OTHACs JI0 CHUIHOCTTA Ha rojsma
YacT OT pellaBaHHTe 3aJayH. 3aTOBa €JHUH OT OCHOBHHTE NpoOsIeMu npu oOpaboTKaTa U MUHTEPNpEeTALUATA
Ha MOJly4YaBaHHUTE OT CHEKTPOMETPHUYHHI U3MEPBAHUA JaHHHU € AEKOMIO3MLMATA Ha CIIeKTpasiHY cMecH [5-8],
C KOETO ce LeNM M3BIHYaHe Ha WHQOPMALMS KakTO 3a BMAA, Taka M 3a HSKOW CBOWCTBA Ha OOEKTHTE,
dopmupammTe cMeceHus Knac. TbH  kaTo OOIMAT XxapakTep Ha TMOYBMTE C€ ompelens oT
nouBooOpa3yBalIUTe CKAJM U MHHEpaM, TO MIPEAMET Ha HacToswara paboTa € Aa U3CNeBa CIIEKTPATIHUTE
OTpaXkaTeJIHU XapakTePUCTHKH Ha CKATH, NOYBH M CKAJTHO-TIOUBEHM CMECH BBB BPb3Ka C KOMITOHEHTHUS UM
cberaB. M3non3Banu ca paznvyHHd METOAM 32 aHAIM3 HAa CIEKTPATHUTE AaHHH C Orjiell pa3AesssHETO Ha
CbCTABHUTE KOMIIOHEHTH MO OTHOLUEHUE Ha TeXHUS BUA M TIPONOpPLMM B CMECEHM] Kjiac. 3a Lenta ca
npoeseleHH  1abOpaTOpHU  M3MEPBaHWS HAa  CMEKTPaJHUTE  OTPAKATE/NHM  XapaKTepUCTHKH  Ha
no4BOOOpasyBallid CKAIW M ChOTBETHHUTE MOUBH. Ha npuMepa Ha rpaHdTH, RACHYHULK U KadsBU FOpPCKU
MOYBM ca TIOKa3aHW pe3yiTaTH OT 4YHCIEHOTO MOJESAMPAHE Ha CMECEHM KIacoBe M aHaiM3a Ha
CHEKTPOMETPHUYHMTE [JaHHU upe3 W3MoJI3BaHe Ha JiMHelWHa CheKTpalHa AeKOMMO3uuMs, ABYMEpeH
COEKTPAJICH aHallW3, KOHTPacTHH KOe(GHUUHEHTH, HAKJIOH Ha CHEKTpajiHaTa OTpa)kaTeilHa XapaKTepHUCTHKA.
[IpencraBenn ca cBLUIO pe3yfATaTH 3a BpPb3KaTa MEX/Y CHNEKTPATHUTE XApaKTePUCTHUKH M IPOLEHTHOTO
ChABbPIKAHWE Ha XKENIA30 B U3CJIEBAHUTE CKaJld U MOYBH.

MarepHaia U METOAH

B sraGopaTopHH YC/IOBHSA €a APOBEICHH W3MEPBAHHUS Ha CHEKTPATHUTE OTPAXKATE/IHU XaPAKTEPUCTHKH
Ha rpaHUTH, MACBUHUUM U Kadsasu ropcku mnousd (anduconn). H3nonzBaHa e MHOrokaHaTHa
CHeKTpoMeTpH4Ha cuctema, paspaborera B LIJIC3B-bAH (14). M3mepBanusata ca U3BbpLICHH BbB BUAUMHUS
W Onuskusg uHbpadepBeH muanazod 0.55-1.1 pm cwve crvnka AA=0.01 um. 3a BcekH OT 0oOekTuTe ca
u3MepeHu o 5 obpaseua, KaTo NpPH BCAKO M3MepBaHe ca perucTpupanu no 10 crnekTporpamu, KOUTO ca
ycpeadeHu. CIeKTpalHUTE XapaKTEPUCTHKH Ha CMECEHUTe KJlacoBe ‘“‘ckajia-fouBa” ca MOJY4YEeHH 4Ype3
YHCIEHO MOJIeNpaHe Ha JaHHUTE 32 YUCTUTE KIACOBe (IPaHMT, NSCHUYHHK, NOYBA) FIOCPEJICTBOM U3MOJI3BAHE
Ha U30XKEHUS NO-A0AY MOAXO.

Cmecen wific (Dur. 1) ce Hapuua NUKCENbT (M3MEPBaHATA MOBLPXHOCT), B APEAENUTE HA KOHTO
fI0NafaT roBeue OT eIH Buj obekTH. Kak ce hopmupar cnekTpanHuTe OTpaskaTelHH XapaKTepPUCTHKH Ha
cMeceH Kiac ot ipa obekra? [lnowra Ha nMuKcesia NNpeACTaBisgBa cyMa OT miomure S, U Sy, 3aeT OT aBara
HaOmtoxaBaHu 00eKTa, IPU KOETO 001aTa 1oLl Ha mukeesa e S=100 %:

S

n S=S,+S; ®ur.1. CMeceH k1ac oT Aga obekTa

Kakga uact oT ofmata nnoil € 3aeTa OT €AMHUS M KakBa OT Jpyrus oOekT ce onpenens 4pes
CBHOTBETHUS KOGDULMEHT Ha MOKPUTHE P 2, KOWTO NPEACTaBABa OTHOCHTE/IHUS A5/l Ha 3aeManarta oT o0eKrTa
10U B PAMKHUTE Ha MUKCENa !

(2) p1=S,/(S]+Sz) H p)_:Sz/(SlJf'Sg), KaTo p1+pz=].

OB1HAT KoehHULIMEHT Ha OTpaskeHHe ry(A;) Ha pasriekIaHus CMECeH KJjiac, MpHaraiikvu TpuHUMMA 3a
aAUTUBHOCT Ha oTpaseHara paavauus (8,15), ce nasa ¢ uspasa:

3) rs(L)=piri(Ai)Hpara(Ri),
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ABSTRACT. Remote sensing technologies are recognized as an efficient lool for getting information about fand covers and have a wide range of investigation and
application fields. In agriculture, remotely sensed data are used for plant growth monitoring, precision agricullure running and yield prediction. The interpretation of
airhome and salellite data require explicit apriory information about crop spectral behaviour under different condilions. Besides, the necessity to use various
geoinformation technologies incorporating remote sensing and in-situ observalions, anciflary data and etc., imposes dala integration and sharing between different
data sources. The paper is devoted {o ground-level spectrometric studies as an integral part of remotely sensed dala analysis.
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PE3IOME. PainwunuTe Monenu 3a OUEHKka HA BEreTALUVOHHOTO PA3BKTUE HA 3EMENENCKUTE KyNTYpUTE Ce HyKAanT oT netainHa MHHOPMAUNR OTHOCHO
CHLCTOAHMETO Ha PacTeHKMATA, NOUBEHNTE XaPaKTEPUCTHKY, MECTHUTE YCNOBHA W np.. KaTto yacT ot reoukdopmaimontara cuetema (TUC), AMCTaHuMOoHKnTe MeToAN
C3 OCHOBEH MHCTDYMEHT, C YUMATO NOMOLUY Ce NONYy4asaT faHHK 0T FoNemMu NAOLLK OTHOCHO NapameTpu Ha PacTUTENHATa NOKPKUBKA, NINONIBAHK B HOAOGNM MOflenn.
OcobeHHO UeHHY 3@ OUSHK H3 ChCTOANMETO W3 NOCEBUTE W YCNOBMATA HA PA3BUTHE Ca NPOCTPAHCTBEHO-BPEMEBHM acneKivu Ha nonyyasanarta uhpopmayus. B
pa601ara Ca NpeAcTaseHu 0CHOBKTE Ha BLNPOCA, AUCKYTHpa ce Meononmocna # aNfOPUTMUTE 33 CbBMECTHOTO UINOM3IBAHE HA HAJeMHK N ANCTIHUHOHKW QaHHW
33 4enHTe Ha DACTUTENHUR MOHUTODHHT.

Introduction of data integration is not new it has become recently a leading
concept in dala application.

Aerospace information gathered by different sensors has
become a genuine necessity in various scientific studies and
applicalion fields. Vegelation is among the priorities of remote
sensing investigations. They are relaled to vegetation
biodiversity and stale monitoring, stress delection and elc. as
well as too marly world significant problems such as
environmenlal changes, anthropogenic impact on ecosystems,
desertification processes. In agriculture remote sensing is a
ool that is used to retrieve information about plant
development and growth conditions implementing the obtained

This paper is devoled to the performance of ground-based
studies as an element of remote sensing. Ground-based
studies are an inlegral part of remote sensing technologies.
They play an important role in the geoinformational system
being the most cost effective and technically appropriate way
of aiding the interpretation of remotely sensed data. Ground
measurements provide a reference source for testing and
validation of data processing algorithms and for verification of
results (Kancheva, 2003; Kancheva, 2004, Kancheva and Borisova,

data for crop agrodiagnostics and yield prediction {(Kancheva et 2005).
al, 1992; Kwvhuesa, 1995; KvHuesa u [eoprves, 2000; ' . . o
Kancheva et al., 2003). Especially advantageous in vegetation ground studies is the

ability to vary and control experimenl conditions getting a
precise piciure of plant spectral response lo different factors
multitemporal data analysis is stil one of the most essential (soil background,. growlh coqdilions, stress impacts, elc.) as
issues of remote sensing. The importance of this issue is  Well as 1o lrack in detail temporal aspects of piant spectral
related to the ever-increasing quantity of data provided by ~ Properties during the ontogenetic process. Here we present an
numerous sensors and Earth observation missions. Another approach for vegetation ground-level modeling and verification
reason is the strong stress that is being put recently on the of spectrally retrieved data. The goal is to show and explain the
operational use of acquired data. Here immediately arises the ~ Main steps and procedures of the algorithm as applied fo crop
question about the reliability of data interpretation. An answer ~ Monitoring, state assessment and prediction using remolely
to this question is the use of various geoinformation sensed multispectral and multilemporal data.

technologies incorporating remote sensing and in-situ

measurements, dala sharing and integration. Though the idea

The development of efficient algorithms for multispectral and

221

[ 3



14. (1.39.)

© EARSeL and Warsaw University, Warsaw 2005. Proceedings of 4th EARSeL Workshop on Imaging Spectroscopy. New quality in environmental studies.
Zagajewski B., Sobczak M., Wrzesien M., (eds)
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ABSTRACT

The development of efficient algorithms for multispectral and multitemporal data analysis is still
one of the most essential issues of remote sensing. The importance of this issue is related to the
ever-increasing quantity of data provided by numerous radiometric and imaging sensors. Besides,
the necessity to use various geoinformation technologies incorporating remote sensing, in-situ ob-
servations, ancillary data etc., imposes information sharing and integration. This paper is devoted
to ground-based spectral modeling as an integral part of vegetation remote sensing monitoring. It
examines the relationship between agricultural crop spectral and biometrical features with consid-
eration of growing conditions and plant ontogenesis. The influence of soil properties and anthropo-
genic factors (fertilization, heavy metal pollution) on crop spectral response has been studied. VIS
and NIR ground-based reflectance measurements have been related to plant growth features to
derive empirical models. Some results of crop state assessment using these models and airborne
radiometric data are presented. Good agreement has been found between model estimates and
ground-truth data.

INTRODUCTION

Nowadays the aerospace information gathered by different sensors and numerous Earth observa-
tion missions has become a genuine necessity in various investigations and application fields.
Vegetation is among the priorities of these investigations which are related to many world signifi-
cant problems such as environmental changes, anthropogenic impact on ecosystems, desertifica-
tion processes, etc. In agriculture remote sensing is used for retrieving information about plant de-
velopment and yield forecasting. Ground-based studies are an integral part of vegetation remote
sensing technologies serving as a reference and verification source of remotely sensed data. Es-
pecially advantageous is the ability to vary and control experiment conditions getting a precise pic-
ture of plant spectral response to different factors as well as to track in detail temporal aspects of
plant spectral properties during the ontogenetic process.

A great number of papers is devoted to the possibility of deriving quantitative information about
vegetation using reflective and emissive spectra. Many of them deal with plant growth evaluation,
biomass estimation and yield prediction (i, ii, iii, iv, v). Empirical modelling is one of the most widely
spread technique for vegetation assessment (i, vi, vii, viii, ix) although different conclusions have
been made about the applicability of the obtained models, their dependence on local conditions
and site-to-site or year-to year discrepancy (vi, x).

This paper is further dedicated to spectral-biophysical modelling of agricultural vegetation. One of
the objectives is to examine the impact of soil properties and anthropogenic factors (fertilization
and heavy metal pollution) on plant spectral behaviour in relation to stress detection. The other
goal is to test the applicability of spectral models for crop state assessment using airborne radio-
metric data.

MATERIALS AND METHODS

Reflectance, biometrical and phenological data were gathered from cereals throughout the growing
season. A spring barley green-house experiment was conducted which consisted of two parts:
NH4NO; fertilization treatments over chernozem soil with different nitrogen concentrations (from 0
to 1000 mg/kg) and treatments with Ca(NOj3), and KNO; fertilizers for the nitrogen concentration of
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ABSTRACT: Remote sensing technologies are recognized as an efficient tool for getting information
to manage problems of global importance such as reasonable and sustainable land use, environment
protection, natural resources preservation and etc. In agriculture, remotely sensed data is used for
plant growth monitoring, yield prediction, precision agriculture running. The interpretation of
airborne and satellite data require explicit a priori information about cropland spectral behaviour
under different conditions. Besides, the necessity to use various geoinformation technologies
incorporating remote sensing and in-situ observations, ancillary data and etc., imposes information
sharing between different databases and data integration. This paper is devoted to ground-level
spectrometric studies as an integral part of remotely sensed data analysis. A general concept of
developing and using ground-based models is presented. The algorithm steps of applying these
models in crop remote sensing assessment are discussed.

1 INTRODUCTION

Two underlying trends of remote sensing data application in agriculture can be identified recently.
The first of them refers to macroeconomic tasks (food provision) on large regional, state and global
levels, and the second concerns microscale issues on the level of farm precision agriculture running.
In both cases, however, the main idea is the same and explores the concept of operational monitoring
and accurate predicting of crop development by using information from remote sensing observations.
The specifics of European agricultural lands are the great number of comparatively small areas and
the vast array of local conditions. This requires high resolution data (spatially and temporally) and
leads to increased operational costs. An efficient solution could be airborne sources of information
provision. The advantage of an airborne crop growth monitoring approach is the easier and more
frequent performance of data gathering and calibration, coupled with a detailed, site-specific database,
and consideration of local conditions. An important role here play ground-based studies being the
most cost effective and technically appropriate way of aiding the interpretation of remotely sensed
data. They provide a reference source for testing and validation of algorithms and for verification
of data processing results. Especially advantageous is the ability to vary and control the experiment
conditions getting a precise picture of plant spectral response to different factors and to track
temporal variability of crop spectral properties during the ontogenetic process.

This paper is devoted to the implementation of ground-based studies as an integral component
of a geoinformational system, particularly for agricultural purposes. Though the idea of data
integration is not new it has become recently a leading concept of data application. Here we present
an algorithm for ground-based and airborne data implementation in crop monitoring, state assessment
and prediction. The goal is to show and substantiate the steps of the algorithm as applied to a task

401
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Acrospace information gathered by different sensors and Earth observation missions has become an undoubted
necessity in various investigation and application fields. Remote sensing data address many world significant
problems such as ecosystem change detection, natural resources management, environment preservation, etc.
Vegetation monitoring is among the priorities of these investigations being the most important component of the
biosphere. In agriculture remote sensing applications are associated with plant growth assessment, stress detection,
yield forecasting. This paper is devoted to the relationships between agricultural vegetation spectral and biophysical
features with consideration of some growth conditions. The influence of soil properties and anthropogenic factors
(fertilization, heavy metal pollution) on crop spectral response has been examined in relation to the applicability of
spectral models to estimate plant variables and assess crop state and stress impacts.

INTRODUCTION

In the contemporary world acrospace information gathered by different sensors has become a necessity in
various investigation and application fields. Vegetation monitoring is among the priorities of these investigations.
In agriculture remote sensing is a tool that is used to assess plant development process and retrieve information
about plant growth parameters for subsequent input into models for crop state assessment and yield forecasting.
Ground-based studies are a reference source for verification of remotely sensed data. Especially advantageous is
the ability to vary and control the experimental conditions getting a precise picture of plant spectral response to
different factors as well as to track in detail temporal aspects of plant spectral properties during the ontogenetic
process.

The retrieving of quantitative information using vegetation reflective and emissive spectra is the objective
of numerous papers. Prevailing part of them deal with green phytomass estimation, plant growth evaluation and
yield prediction [1-5]. Empirical modelling is one of the most widely spread technique for vegetation assessment
[6-9]. Different conclusions have been made about the applicability of the obtained models because of their
dependence on local conditions and site-to-site or year-to-year discrepancy [6, 10].

This paper is further dedicated to the spectral-biophysical modelling of agricultural vegetation considering
the growth conditions. The goal is to examine the impact of soil properties and anthropogenic factors (nutrient
supply and heavy metal pollution) on plant spectral behaviour in relation to crop state evaluation and stress
assessment. Ground-based VIS and NIR spectral measurements have been carried out along with phenological and
biometrical observations in order to establish empirical relationships between plant reflectance features, growth
variables, productivity and applied treatments.

MATERIALS AND METHODS

Reflectance, biometrical and phenological data were gathered from spring barley plots within a green-
house experiment. The treatments comprised of two soil types (grey forest soil and chernozem soil), Ni pollution in
different concentrations and different fertilization conditions. The spring barley was grown over neutral (pH=7.0-
7.5) chernozem soil and acid (pH=5.0-5.5) grey forest soil. The soils were chosen for two reasons - their different
reflectance spectra and different response to heavy metal pollution. Four Ni concentrations of 100, 200, 300 and

335
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BnusHue MMHepanbHOro coctaBa rpaHUMTOB Ha U3MepsAeMble
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H.C. bopucosa, P.X. KeinueBa

Ienmpanvuas radopamopusi conHeyHO-3e MHbIX 8030elCMEU il
Dboneapckas akaoemus nayx,
boneapus Cogusi 1113 yn. Axao. I"bBonues, 61. 3
E-mail: dborisoval@stil. bas.bg, rumiki@abv.bg

I'paHUTHI ABIAFOTCS ONMPEICIIFOUINM KOMIOHEHTOM KOHTUHEHTATBHOHN 36MHOH KOpPBI, (JOpMHUpYS Ty CyIIy, Ha KOTOPO
MBI JKUBEM H B Ipeaeiax KOTOPOH COCPeIOTOYEHO OONBIIMHCTBO JOCTYMHBIX I Pa3pabOTKH MECTOPOKACHHH ITOJIE3HBIX
uckomaeMbIX. I'panutsl HA 90% COCTOAT M3 paBHBIX JOJICH KBapLa, IUTATMOKIA3a M KAJIHWINNATA, K KOTOPHIM B HEOOJBIIOM
KkomuecTBe (5-7%) mOOABIAFOTCH MArHE3WMABHO-)KEIIC3UCTHIC CHJIMKATBHL, HA3BIBACMBIC TEMHOLBETHBIMH MHHEpPATAMH.
HecMmoTpss Ha MOCTOSIHCTBO COOTHOIICHHWN MEPBBIX TPEX IJABHBIX MHHEPAIOB, UMEHYEMBIX CAJTHYECCKUMHE, T'DAHHTHI OYCHb
pa3HOOOpa3HBl B COCTABE TEMHOLBETHOH YaCTH: INMPOKO TNPEACTABICHBI B IPHPOAE OHOTUTOBBIE, POrOBOOOMAHKOBBIE,
JTUOTICH/IOBBIC, THIIEPCTCHOBBIC, IBYCIFOIAHBIC TPAHUTHI, M3BECTHBI H 00JICe IK30THYECKHE Pa3HOBUIHOCTH. Ecau mo0aButh k
3TOMY BapHallMU B cocTaBe Iuiaruokiaa3a (Ca-Na-moiaeBoro mmara), B3auMHONR CMECHMOCTH HATPOBOTO M KAJTHEBOTO IOJICBBIX
[INATOB, CTCTICHH WX CTPYKTYPHOH YMOPAZOYEHHOCTH, TO KOJHMYECTBO BHUIOB TPAHHTA, PA3THYAFOIIUXCI MUHEPATbHBIM
coctaBoM, Oyzaet HaMHOTO OoJee coTHH. Ho mpu Bcex BapHamUIX COCTaBAa TPAHHUT BCETAA OCTACTCS TPAHUTOM.

J11 u3ydeHHs CTONb OONBIIOrO Pa3HOOOpA3us IPAHUTOB CIIOCOOCTBYET M AUCTAHIMOHHOE 30HIUPOBAHHE 3€MIHU, B
YACTHOCTH TOJICBBIC M JJAOOPATOPHBIC CIIEKTPOMETPHICCKHE METOABI. HacTosmuii JOKIaa IOCBAIICH HCCICIOBAHUIO BIHSHIS
MHUHEPATFHOTO COCTABA TPAHUTOB HA U3MEPIACMBIC CIICKTPBI APKOCTH, I YETO MPOBEICHO CICKTPOMETPUPOBAHKC TPAHUTOB B
1a0opatopHbIX ycaoBmAX B auamaszoHe 0,5-1,1 mxm. {8 aHATM3HPOBAHHA IOIYYCHHBIX JAHHBIX HCIIOJB30BAHBI METO/BI
JICKOMIIO3MIUH CHEKTPAIbHBIX cMecel, “mouBeHHas uHHA Ha miockoctd NIR-Red, perpeccHoHHBIH yron HakJIOHA
3aBHCHMOCTH CTOWHOCTH CHEKTPAJBHOTO OTPAXKCHHWSA OT IMHBI BOJNH W WHICKCHI-OTHOIICHHUS SAPKOCTCH CIEKTPaTbHBIX
KaHAJIOB.

Pabora BemonaeHa mpu noanepxku mpoektoB HCHM-MOH NeH3-1410/04 u NeMYH3-1502/05.

Introduction

The spectrometric measurements are a part of remote sensing and they could be used as an additional
opportunity to derive significant information about petrography and mineralogy. Real land covers are mixtures of
materials and the theory of the mixed spectral classes [1] is an efficient method to study various rocks and minerals.
Granites are two sub-classes of one and the same class (group) of granite and rhyolite [2]. For remote sensing the
granites are mixed class of their rock-forming minerals.

The goal of the present paper is the study the behaviour of the granite reflectance spectra depends to their rock-
forming minerals.

Methods and materials

It is well known the specific reflectance, absorption and emission of solar radiation by land covers are the basis
of remote sensing, of spectrometric measurements in particular [3, 4].

In the reflected by the petrographic object radiation holds the mineralogical information. Containing this
information the reflectance spectra R{r(\))} present the spectral informational features of the studied object. The
parameters of studied object based on measured spectral reflectance R{r(\;)} could be defined. The dependence of
the reflectance signatures behaviour to type and rock-forming minerals of the granites provides a basis for the
purpose.

Mineral content of the studied objects is of particular importance. It determines the distribution of reflected
from surface radiation. The amount of reflected light is dependent on mineral content [5-7]. As the rock-forming
minerals darker, more light is absorbed and the reflectance drops. The reflectance increases as the content of the
salic minerals increase.
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ABSTRACT:

Delineation of overburden dumps by means of remotely sensed multispectral data with moderate spatial resolution (e.g. Landsat
TM/ETM+ 30m) is a challenging task. The major difficulties arise from: 1) large period using the dump (introducing
multitemporality); 2) the unknown proportions of vegetation and soil/rock samples in the marginal areas. A variety of methods have
been proposed to overcome the problems with impure pixels, but a promising one is the soft classification which assign a pixel to
several land cover classes in proportion to the area of the pixel that each class covers. In this scenario for every pixel of the data the
correct proportion of the end-members should be found and then co-registered with the corresponding original pixel. As a result this
sub-pixel classification procedure generates a number of fraction images equal to the number of land cover classes (end-members).
All sub-pixel mapping algorithms have one property in common: accuracy assessment of sub-pixel mapping algorithms is impossible
because of missing high resolution ground truth imagery. In this case one possible solution is to use laboratory and in-situ measured
spectrometric data. This study presents a successful implementation of soft classification method with additional, precise
spectrometric data for determination of dump area of the copper plant. The results were used for proving the in-situ gathered data
and coincidence of 93.5% was achieved.

1. INTRODUCTION 2. METHODS

Traditional classification techniques are “hard” in the sense that 2.1 Sub-pixel Classification

a single pixel is assigned to a single land cover class. At coarse

resolutions pixels predictably become mixed. For these mixed The spectral unmixing technique that will be applied is based
pixels “soft” classifiers can be used, which assign a pixel to upon Linear Mixture Modeling. The basic hypothesis is that the

several land cover classes in proportion to the area of the pixel image spectra are the result of mixtures of surface materials and
that each class covers. that each of these components is linearly independent of the

other. The mixtures in the image are expressed as linear
Several researchers have addressed this sub-pixel mixture combinations of their respective spectra in the image. Spectral
problem. Among the most popular techniques for sub-pixel response of each image pixel in every spectral band can be
classification are mixture modeling (Kerdiles and Grondona, considered as a linear combination of the response of each
1996) and supervised fuzzy c-means classification (Foody,, component (end-member) present in the mixture. Therefore,
1994). every pixel contains information about the proportion (or

fraction) and spectral response of each component.
These techniques aim at estimating the proportions of specific
classes that occur within each pixel. The result is a number of ~ Hence the spectral reflectance r, for every image pixel in any
fraction images, one for each land cover class concerned. This band, can be modeled as follows:
information describes the class composition, it does not provide

any indication as to how this is spatially distributed within the m

pixel. The result is thus quite different from the classic rZO\ri)zplr1(7\ri)+p2r2(7\'i)~~~+pmrm(7\i)+8:2pjrj(7"i)+8 (D
classification algorithms, where a single land cover map, =1

containing all classes, is produced. One way to go from fraction

images to a classic land cover map would be to use "hardeners", ~ where p = fraction cover,

where rules can be formulated to determine which class r for pure component reflectance

dominates the pixel. The main disadvantage is that information A is wavelength

is lost much in the same way as happens with classic hard and &is an error term.

classifiers. Atkinson (1997) has formulated an idea for an

alternative approach. It consists of converting raster data to This equation can become a linear system of n equations and k

vector data by threading the vector boundaries through the unknowns in two ways:

original image pixels (instead of between pixels, as classic e applying the equation to every pixel in a single band (n
raster-to-vector conversion algorithms would do). This process pixels)

is called sub-pixel mapping. The key problem is determining e applying the equation to every band of a single pixel (n
where the relative proportions of each class are most likely to bands)

occur.

* Corresponding author
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Abstract

Spectral properties of land covers are bearers of
information and lie at the root of remote sensing
technologies which are widely used in natural resources
management, change detection, crop assessment,
ecosystems preservation and many other world
significant problems. In agriculture remote sensing is
applied for monitoring of plant development, evaluating
of physiological processes and growth conditions.
Especially valuable are the spatio-temporal aspects of
the remotely sensed data in detecting crop state
differences and stress situations. The implementation of
airborne and satellite data requires efficient algorithms
for data analysis as well as explicit information about
vegetation spectral behaviour under different conditions
for higher reliability of the derived information.

Our paper focuses on different techniques for
handling data from multispectral and multitemporal
measurements analysing plant spectral signatures with
respect to stress factors. Plant spectral properties have
been examined for their ability to serve as sustainable
stress indicators. Reflectance features, vegetation
indices, “red edge” position, transmittance and
Sfluorescent emission characteristics have been studied.
The obtained results indicate that growth conditions
cause statistically significant variations of plant spectral
signatures that allow not only to discriminate between
stressed and healthy vegetation but also to quantitatively
describe the stress impact in terms of crop agronomical
parameters and yield.

Introduction

During the last years destructive processes caused by
natural disasters or anthropogenic activity are in the
focus of the scientific research and occupy the attention
of social communities and government authorities.
Recent developments in environmental studies are
greatly connected with worldwide ecological problems
related to anthropogenic impacts on the biosphere and
first of all on vegetation. Advanced monitoring and
alerting techniques, on-time information extraction,
modeling and forecasting technologies are a preposition
for successful data application and decision support in
environmental studies.

Nowadays the aerospace information gathered by
different sensors and numerous observation missions has
become an indispensable necessity in various

investigation and application fields. Remote sensing
technologies are used for natural resources management,
crop assessment, land covers change detection,
ecosystems preservation and many other world
significant problems. The development of efficient
algorithms for data analysis is one of the most essential
and challenging issues associated with the higher
reliability of the derived information and resulting in the
possibility to solve complex problems related to Earth
monitoring. The implementation of airborne and satellite
data requires explicit information about land covers
spectral behavior under different conditions. In this
context detailed radiometric studies complement the vast
array of geo-spatial data products.

Being the most important and anthropogenic-affected
component of the biosphere, the vegetation has a leading
position among the priorities of remote sensing
investigations. In  agriculture remote  sensing
technologies are applied for retrieving information about
plant development, evaluating plant growth processes
and yield forecasting. They are recognized as an
efficient tool used to derive plant bioparameters, to
assess crop current state and make predictions.
Numerous papers have the objective of analyzing
vegetation reflective and emissive spectra in order to
quantitatively ~ estimate  green  phytomass and
physiological variables related to plant growth and
productivity [1-6]. Studies are being carried out with the
goal of vegetation assessment, stress detection and
evaluation of desertification processes. Especially
valuable are the spatio-temporal aspects of the remotely
sensed data in detecting stress situations [7-12].

With all this in view our paper focuses on different
techniques for handling data from multispectral and
multitemporal measurements analysing plant spectral
signatures in terms of plant response to stress factors.
Some results from studies on crop state assessment using
spectral-biophysical modeling approach are presented.

Materials and Methods

The investigations were conducted on various
agricultural species (winter wheat, spring barley, peas,
alfalfa) grown under different conditions (soil type,
fertilization regimen represented by the nitrogen amount
and compound, toxic pollution). The study comprised
laboratory, green-house or field experiments. The soil
acidity, nutrient deficiency and heavy metal
contamination (Cd, Ni,) were stress factors that affected
the development and caused variations of crop state.
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Abstract — Remote sensing is already an operational tool widely used in vegetation studies for ecological monitoring,
change detection of natural ecosystems and in agriculture for crop state assessment and yield prediction. A strong stress
is being put on the accuracy of the retrieved information. This requires reliable indicators of plant growth and physio-
logical status. The development of efficient means for data analysis is still one of the most essential issues. The importance
of this issue is directly related to the ever-increasing amount of data provided by numerous sensors. The use of multi-
spectral and multitemporal remotely sensed data and the implementation of advanced data processing technologies
results in the possibility of getting different information needed for decision-making in solving problems related to
vegetation preservation and agricultural land use. The application of satellite data requires knowledge of land covers
spectral behaviour under different environmental conditions considering regional and local peculiarities. In this context
detailed ground-based and airborne spectrometric studies complement the array of geo-spatial data products. These
studies are the most appropriate way of aiding the interpretation and providing a reference source for validation of
remotely sensed data. This paper is devoted to plant stress detection using VIS and NIR multispectral data. Empirical
modelling of various agricultural crops under different soil and ecological conditions has been performed in order to
describe the relationships between plant spectral and biophysical features and to derive sustainable spectral indicators

of plant state.

1. INTRODUCTION

During the last years destructive processes caused
by natural disasters or human activity are in the focus
of the scientific research and occupy the attention of
social communities and government authorities. A great
variety of projects has been developed aimed at environ-
mental monitoring and control. Recent developments
in environmental studies are greatly connected with
worldwide ecological problems related to anthropogenic
impacts on the biosphere and first of all on vegetation.
Advanced monitoring and alerting techniques, on-time
information extraction, modeling and forecasting
technologies are a preposition for successful data
application and decision support in environmental
studies. The interrelated nature of many environmental
problems has imposed the need of multipurpose pro-
grams, data integration and information sharing between
different databases.

E-mail: rumik@abv.bg, dborisova@stil.bas.bg

Remote sensing technologies are widely used for
natural resources management, crop assessment, land
covers change detection, ecosystems preservation
and many other world significant problems. Two
issues are of essential importance for the application
of airborne and satellite data: the development of
efficient algorithms for data analysis and the explicit
information about land covers spectral behavior under
different conditions, both associated with a higher
reliability of the derived information. Being the most
important and anthropogenic-affected component of
the biosphere, the vegetation has a leading position
among the priorities of the remote sensing investiga-
tions. In agriculture remote sensing is applied for
assessing plant development processes and growth
conditions. Along with other databases provision, it is
a tool that is used for retrieving agronomical variables
in order to evaluate crop current state and make pre-
dictions. Especially valuable are the temporal aspects
of the remotely sensed data in identifying of stress
situations. Numerous papers have the objective of
analyzing vegetation reflective and emissive spectra
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ABSTRACT: Chlorophyll fluorescence is a measure of the efficiency of photosynthesis
and can be used, therefore, as an indicator of vegetation health and vitality. This paper
reports some results from laboratory measurements of chlorophyll fluorescence excited
by a blue light source at 470 nm. The experiments were conducted with hydroponically
grown barley (Hordeum vulgare) contaminated with heavy metals (Cd and Cu).
Fluorescence spectra were taken from leaf samples of 14-days old plants. The objective
of the study was to investigate the degree of stress detectable from fluorescence
measurements and the sensitivity of various fluorescence parameters as plant response to
growing conditions. Plant stress was quantified through leaf chlorophyll content. The
analysis of fluorescence emission revealed a high correlation between red and far red
fluorescence features and leaf chlorophyll at an early stage of plant development. The
results were confirmed by repeated experiments proving the consistence of the
established relationships under the given experiment conditions.

1 INTRODUCTION

The spreading acceptance of the concept of precision agriculture running (M. Rasher
2000) generated much interest in the early detection of plant growth stress. The
implementation of modern remote sensing technologies is one of the basic assumptions
of this concept, special attention being paid to vegetation monitoring in relation to stress
detection. That is why the assessment from spectral data of the crop state (A. Kuusk
1991, R. Kancheva et al. 2005) and growing conditions has been and still is at the focus
of numerous investigations and experimental studies (R. Kancheva 1999, A.
Mehandjiev et al. 2000).

Important here are early warning signs of plant inhibition which should be directly
connected to fundamental physiological processes. Such a process is the photosynthesis
and the connection has been found in vegetation fluorescence (R. Valentini ef al. 1994,
K. Smorenburg et al. 2002). The optical signatures of leaves are mostly defined by the
composition of photosynthetic pigments and their stress-induced changes and as such
they are indicative of plant short-term or long-term stresses. Though being studied for
decades, light induced fluorescence has not lost its attractiveness. Moreover, it
experiences ever-increasing interest as a response to different stresses that might be
qualified and quantified from plant fluorescence behaviour. In recent years, the
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ABSTRACT: A wide-band waveguide transmission system and measuring technique
have been developed to obtain continuous attenuation spectra of microwaves by
vegetation in the frequency range 0.8-10.0 GHz. Laboratory experiments have been
performed in order to examine the spectral dependence of the attenuation by different
trees and tree fragments. Some results are presented showing the distinct difference
of the attenuation as a function of the wavelength, vegetation type and moisture
content.

1 INTRODUCTION

The attenuation of the microwave electromagnetic radiation by vegetation canopies is
an essential factor in land cover radiometric studies. The knowledge of the attenuation
effects is extremely important for remote sensing investigations as well as for improving
the reliability of radio communications. The multiple dependence of the attenuation on
such factors as the wavelength, incident angle, polarization, vegetation moisture,
density and structural peculiarities makes the solution of the problem still more difficult.

The available experimental data on microwave attenuation are quite limited and
acquired at single wavelengths. Actually, there are almost no data over larger
wavelength ranges and continuously changing frequency.

Laboratory experiments could provide data about the spectral dependence of the
attenuation by vegetation fragments along with a direct control of the biometric
parameters. However, in this case some problems arise. For the correct data
interpretation, similar or near to the free space propagation conditions should be
provided. At the same time, the influence of surrounding objects (walls, etc.) on the
measurements should be minimized. These problems can be avoided by conducting
measurements in an anechoic room or using a waveguide camera.

In this paper some results are presented from laboratory measurements of the
microwave attenuation by different vegetation types and vegetation fragments (leaves,
branches with and without leaves) taking into account vegetation moisture content. Not
less valuable are the obtained spectral dependences of the attenuation in a wide
wavelength range.
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ABSTRACT: The main tasks and expected results of a joint Russian-Bulgarian scientific
collaboration and research activities are discussed. Investigations are planned to be carried
out in the frameworks of a project on the development and implementation of advanced
technologies in aerospace remote sensing of the Earth’s surface within 2006—2010.

1 INTRODUCTION

During the last years, destructive processes caused by natural disasters or anthropogenic
activity are in the focus of scientific research and occupy the attention of state and
government authorities. A great variety of multipurpose programs and projects on the
environment study and control has been developed. In all of them the first and most
essential step is land cover, phenomena and processes monitoring at regional and global
scale. The necessary data can be provided by a complex of instruments installed on airborne
and satellite platforms thus implementing a multiscale and multitemporal approach. On the
other hand, the interrelated nature of many environmental problems predetermines the need
of data integration and information sharing between different databases.

Since the environmental situation varies from site to site it is necessary to begin with
regional monitoring and then to cover larger territories. We suggest for regional
monitoring to rely on cost-effective research from well equipped small aircraft
platforms in combination with ground-based stations. Land cover state assessment and
change detection will be performed and risk processes will be evaluated by using data in
the visible, infrared and microwave spectral bands. In this paper we present the main
goals and tasks of the project, the technical equipment and some aspects of the
methodology in applying a synergistic investigation approach using radiometric and
imaging sensors. The results of aerospace observations and implementation of advanced
data processing technologies will permit to work out proposals and recommendations
for forecasting ecological catastrophes and their consequences, and to detect ecological
systems in a risk state.

2 PROJECT GOALS

e Thematically oriented studies of land covers and water objects;
e Suggestions on the instrumentation content and technical parameters for ground-
based and aircraft platforms;
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Abstract Correct estimation of the distribution of the iron oxides
in open pit mines and the neighbouring regions is a key issue for
the ecological state assessment of land cover. For this study
airborne (satellite and aircraft) data combined with in-situ and
laboratory acquired data were used for assessment of the
environmental state from previous mining activities. As main
indicator for presence of pollution the iron content was chosen
since it could be reliably identified in the ranges used in this study
and because of the wide-spread iron in the most of the rock types
and soils. The number of samples from every source was taken in
the way to be statistically confident. Soil samples together with
GPS measurements were collected during a field campaign in the
study area for two types of laboratory measurements — chemical
and mineralogical analysis and non-destructive spectroscopy.
Spectroscopy measurements (laboratory, in-situ and satellite) in
visible and near infrared (VNIR) and thermal (TIR) ranges were
performed using follows spectrometric systems: ISOH, 0.4-0.8
micrometers; SRM, 0.4-0.82 micrometers; TIRES, 8-16
micrometers; ASTER, 0.4-16 micrometers. Spectral
transformations such as normalized difference and relation using
two wavelengths were applied for the proper comparison between
the data obtained from different sources. Dependence between
various spectral transformations and the quantitative content of
the iron was established. The achieved results proved that this
methodology could be extended for other regions of the country
polluted by mining activities mostly by cooper or lead plants.

I. INTRODUCTION

Surface mining activities in Europe are estimated to cover an
area of 5-10 000 km* and range from large open-cast coal and
base metal mines, to much smaller aggregate (rock, gravel and
sand), industrial minerals (potash, clay) and building materials
(granite and marble) quarries. Earth observation applications in
the mining industry include the production of thematic maps
for ground inspection and mineral alteration maps for
exploitation. In recent times, the monitoring of reclamation
activities undertaken by local authorities or business based on
Landsat Thematic Mapper (TM/ETM+) data is particularly
functional since it offers good ratio spatial resolution / area
coverage.

1-4244-1057-6/07/$25.00 ©2007 IEEE.

Detection of iron-containing minerals is a particular case in
remote sensing investigations since the objects under study are
so ubiquitous. Iron containing rocks or soils is found in many
places on the Earth’s surface in large variety of chemical
compositions.

In the near infrared part of the electromagnetic spectrum
(EMS) 0.8 um - 1.0 pm the depth of iron absorption curve is
closely related to its content. The 0.9-um-absorption line shifts
position with elements substituted for iron. For example,
continuum removal and scaling the hematite absorption to
similar depth shows the wide variety of band shapes and
positions that can be found in nature [1]. In the Ref. [2] the
properties of the wide absorption dip concerning iron content
in soil samples around 550 nm (D550) are investigated.

In most of cases when remotely sensed data are used the
information about iron-containing types of land cover is
contained in mixed spectra recorded by spectrophotometer in
one measuring element. Due to the limitations of the spatial
resolution of the airborne instruments (such as Landsat, SPOT,
etc.) and the heterogeneity of features on the ground so called
pure pixels are hard to find. As a rule the mixture spectrum is
generated when the pixel covers more than one land cover
class. Typical spectral signatures, obtained from spectral
libraries [1,5] and laboratory measurements were also used in
recognition of the iron-containing minerals. In this study this
measurements were used as an a priori knowledge for specific
end member definition.

This paper aims to demonstrate one possible comparison
between spectra acquired from different spectrometric systems
in one and the same range of EMS on similar rock and soil
samples. Spectral transformations such as normalized
difference and relation using two wavelengths were applied on
the different sets of data for the proper comparison between the
data obtained from different sources in order to evaluate the
similarity. Dependence between various spectral
transformations and the quantitative content of the iron was
established.
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Abstract Remote sensing enters still wider into its application
stage when the goal is to bring the up-to-now investigation results
to an operational use. Agricultural monitoring is among the
priorities of remote sensing observations supplying early
information on crop growth. Interest is rapidly spreading over the
past years in the application of hyperspectral data to precision
farming. In this paper, we propose and investigate the
performance of an approach for providing crop state assessment
and yield forecasts. In order crop information to be obtained from
remotely sensed data the approach comprised: development of
models between plant spectral reflectance and biophysical
parameters for estimation of crop state variables from
radiometric data; development of yield forecasting models from
single-date and time-series spectral data; verification of remote
sensing predictions through comparison with estimations from
yield relationships with crop agronomical parameters. The
algorithm was realized on winter wheat. In-situ high- resolution
visible and near-infrared reflectance data were acquired
throughout the growing season, along with detailed datasets of
crop parameters. Spectral-biophysical models were developed
relating crop variables and yield to different spectral predictors.
The algorithm was tested and validated using airborne remote
sensing data. A good correspondence was found between
predicted and actual yield.

I. INTRODUCTION

The rapid advances of space technologies concern almost all
scientific fields from aeronautics to medicine and application areas
from communications to crop yield predictions. Remote sensing is
an accepted source of information in environmental sciences. It
enters still wider into its application stage when the goal is to bring
the up-to-now investigation results to an operational use. The
operational application of remote sensing data becomes more and
more a highlight of all recent investigations and development
works. Agricultural monitoring is among the priorities of Earth
observations supplying early information on the development and
growth conditions of crops [1-3]. Various approaches are
implemented for crop behaviour assessment in order to provide
objective, timely and quantitative yield forecasts at regional and
national scales [4-6]. On the other hand, continues the research to
improve the reliability of the results by implying, for instance,
different sampling strategies and statistical data analysis, by
integrating agro-meteorological and remotely sensed data from
various sources [2,6,7]. Particular efforts are put into the
elaboration of methods for assimilation of remote sensing data of
high spatial-temporal resolution in agronomical models, in order
to produce information needed in agricultural practice [8].

1-4244-1057-6/07/$25.00 ©2007 IEEE.

A major application of remote sensing involves the
characterization of agricultural vegetation canopies through
measurement of multispectral response data [8-11]. Spectral
data collected over vegetative targets are analyzed to estimate
plant parameters that are bioindicators of crop growth.
Monitoring of farmland dynamics during plant growing period
is performed with the goal to: track crop development and
determine the phenological stage; to assess crop state at
different moments of observation (defined by key agronomical
variables); to forecast crop production.

In this paper we propose an approach for providing crop
state assessment and yield forecasts. The algorithm was
developed over winter wheat. High-resolution visible and near-
infrared spectral data were acquired throughout plant growing
season, along with ground-truth data of crop biophysical
parameters. In order crop information to be obtained from
remotely sensed data, the approach comprised: development of
phenologically-specific regression models between crop
spectral reflectance and biophysical parameters for estimation
of crop state variables from radiometric data; development of
yield forecasting models from single-date and time-series
spectral data; establishment of physiological relationships
between plant bioparameters and between bioprameters and
yield. The performance of the approach was examined by two-
fold verification of the airborne predictions comparing them
with ground-truth yield data and with yield estimations from
yield relationships with crop agronomical variables.

II. MATERIALS AND METHODS

The present study was taken for winter wheat crops within ten
fields. Different fertilizer rates and fertilizer types were applied
in order to obtain a wide range of plant state and reflectance
spectra. The varied fertilizer application as well as the irrigation
regimen affected plant vigor during the ontogenetic process.
Several sampling sites were selected per each field to reflect the
within field variability. Crop spectral and growth data were
acquired throughout the growing period at the main phenological
stages. Plant parameters were recorded per unit area basis and
comprised vegetation canopy cover C (%)), leaf area index LAI
(m*/m?), plant height h (m), stem number N, total above-ground
and leaf biomass (kg/mz) - wet My, My and dry M, My 4. The in-
situ spectral measurements were performed with a portable
multichannel radiometer within the 400-800 nm wavelength
band at 10 nm intervals.
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Vegetation Effects on Passive Microwave
Measurements
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(R. Kancheva, D.Borisova, H. Nikolov, G. Georgiev)*
" Institute of Radioengineering and Electronics (IRE), RAS, Russia, tishchen@jire.rssi.ru
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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.

[. INTRODUCTION

Forests play a vital role in human life since they represent
about 90% of the standing biomass and determine the
hydrological and biogeochemical cycles of the Earth. Remote
sensing techniques, in particular microwave radiometry, have
the potential of monitoring and assessing forest canopies.
However, the interpretation of the microwave radiometric data
requires a series of efforts such as developing an appropriate
theoretical model of forest canopies, establishing a relation
between electro-dynamic properties of the forest medium and
its biometric features, and estimating forest parameters from
radiometric data. In this respect, knowledge of the attenuation
effects of forest canopies on microwave measurements is
extremely important. First of all, the propagation properties of
the forest canopy play a key role in modeling the microwave
emission behavior of the canopy. Further, attenuation values
and their dependence on the frequency, incident angle,
polarization, and vegetation biometrical features, lay at the root
of remote sensing retrieval algorithms.

Microwave radiometry is based on measurements of the
emitted by the Earth surface electromagnetic radiation in the
millimeter to decimeters wavelength range. Within this spectral
band the microwave radiation is primarily a function of the free
water content in the soil being influenced also by soil texture,
water salinity and temperature, as well as by the above-ground
vegetation biomass.

The measure of the microwave radiation intensity is referred
to as brightness temperature (Tb) which is a product of the
emissivity (&) and the thermodynamic temperature (Te) within
the effectively emitting layer of the object. The emissivity is a
function of the dielectric permittivity of the surface. It is

1-4244-1057-6/07/$25.00 ©2007 IEEE.

negatively correlated with the moisture content. Figure 1 shows
the microwave radiation intensity of different surfaces (metal,
water, soil) with varying properties.

22 1 7, ~K~
zoe +300 e
o ol '
.75 | |
] 1
o.5 +trs50 | ;
l
e T | |
.25 ‘—_‘ _JI | |
! | | | |
o o i w‘ | | |
{&a)ﬂﬂ\ sea | fresh L-/ez‘\ oy ‘
"Care
e s
el waler S rovn

Fig. 1. Microwave radiation intensity of different surfaces

In this paper a wide-band waveguide transition system has
been created and a measuring technique has been developed to
obtain continuous attenuation spectra of vegetation fragments
in the frequency range 0.8-10.0 GHz is presented. The system
consists of a wide-band rectangular waveguide, two horn
antennas matched with the waveguide, and a Vector Network
Analyzer. The antennas serve as filters of spatial harmonics
providing a single-mode propagation regimen in the waveguide
and correct interpretation of attenuation measurements.

Attenuation spectra of aspen, birch, maple and other tree
types have been obtained from different tree components.
Some results of the performed measurements are presented,
which show the distinct difference in the magnitude and
frequency dependence of the attenuation by different tree types
and tree components. Besides, the influence of vegetation
parameters such as moisture content has been examined and
found to have a significant effect on microwave measurements.

II. MATERIALS AND METHODS

Microwave techniques, though wused for years in
environmental remote sensing studies, have not revealed yet in
full their potential in different application fields. One of the
reasons is the fact that microwave measurements are greatly
affected by various factors which are not always possible to be
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CPABHEHUE MEXOY OTPAXATENHWUTE CMEKTPU HA TPAHUTHU
MONYYEHU C PA3NIUYHA CIEKTPOMETPUYHA ANAPATYPA

JHeHuuya bopucoea

LIJIC3B- BAH, Cogpus 1113; dborisova@stil.bas.bg

PE3IOME. [lucTaHLMOHHUTE U3CNeABaHUs Ha CKanu U MUHEPAnu HamupaT BCe NO-LUMPOKO NPUNOXEHUE BB Bpb3ka C akTyanHuTe paspabotkv Ha ESA (EBponeiicka
kocmuyecka areHumst), NASA (HaumoHanHa kocmmuyecka areHumst Ha CALL) u MK-PAH (MHcTuTyT 3a KocMuyecku uscneaBaHus — Pycka akagemust Ha HaykuTe), 3a
13yyaBaHe Ha MUHEpanHWUs 1 XMMUYEH CbCTaB Ha MOBBbPXHOCTTA Ha Mapc 1 cbTHUKka My ®oboc. 3a LenTa Ha HacToswata paboTa ca npoBeaeHu nabopaTopHy
CMEKTPOMETPUYHN M3MEPBaHUS Ha rpaHUTH OT TeputopusiTa Ha Bbnrapus BbB BUAMMaTa v bnmuskata nHpayepBeHa 0bnacTy OT eNeKTPOMAarHUTHUS CEKTbP KaTo
Cca W3Mnon3BaHu crnepHuTe CrekTpoMeTpuyHmn cuctemu: SRM, 0.4-0.82 mukpometpa; SPS-1, 0,55-1,1 MukpomeTpa. M3bpaHu ca aBe ObmkWHM Ha BbrHaTa C Len
CpaBHEHWe Ha AaHHUTE, MONYYeHU C MOMOLUTa Ha pa3nuyHuTe anapatypu. Cbllo Taka e ycTaHOBEHa 3aBUCMMOCTTA MeXAy KOMMYECTBEHOTO CbAbpXKaHue Ha
ckanoobpasyBalMTe MUHEpanu Ha rpaHuTUTE W CTOMHOCTTA Ha CMeKTpanHus KeUUMEHT Ha OTpaxeHwe npu MoabpaHu AbMKVHW Ha BbrHaTta. [lonyyenute
pesynTaTin NoKa3Bar, Ye Taan MeToanka Moxe Aa Obae NpuUnoxXeHa 1 3a ApYru CkanHu pasHoBUAHOCTM, NPEACTABEHM Ha TepuUTopusATa Ha bbnrapus.

CORRELATION BETWEEN GRANITE REFLECTANCE
SPECTRA OBTAINED BY DIFFERENT SOURCES
Denitsa Borisova

STIL-BAS, Sofia 1113; dborisova@stil.bas.bg

ABSTRACT. Remote sensing methods for studying of rocks and minerals are closely related to current EAS, NASA and SRI-RAS programs for mineral and chemical
composition research of Mars and Phobos surface. For the purpose of present paper ex-situ spectroscopy measurements of the granites from the territory of Bulgaria
in visible and near infrared (VNIR) range of the electromagnetic spectrum were performed using follows spectrometric systems: SRM, 0.4-0.82 micrometers; SPS-1,
0.55-1.1 micrometers. Two wavelengths were selected and were applied for the proper comparison between the data obtained by different sources. Dependence
between reflectance values at chosen wavelengths and the quantitative content of the rock-forming minerals was established. The achieved results proved that this
methodology could be extended for other rock types presented in the territory of Bulgaria.

BbBeaeHue Marepuanu n metogu

[MCTaHUMOHHMTE WM3CredBaHWs Ha Ckanu M MUHepanu ca O6eKT1 Ha NPOBEAEHNTE eKCrepUMEHTaNHI 3crefBaHs ca
aKkTyarHu B HacTOAWMSA MOMEHT BbBB Bpb3ka C peauua 06wo 10 ckanHu obpaseLa OT rpynata Ha rpaHuTa u puonuTa.
MeXOYHapoaH/ nporpaMu 3a M3yyaBaHe Ha CbCTaBa Ha lpynaTa ce cyuTa KaTo [naBHa, 3allOTO FPaHWUTMTE Ca Haii-
MoBbPXHOCTTa Ha Mapc u cnbTHka My ®oboc. 3a LenTa Ha pasnpoCTPaHeHUTe CKanu MEXOy WHTPY3UBHUTE MarMeHu
HacTosiyata paboTa Cca MpOBEAEHW  CMEKTPOMETPUYHM ckanu. Tyk ce BMOYBAT KUCENMM W YNTPAKUCENN CKanu U no-
W3MEpPBaHWUS Ha rpaHUTK OT TepuTopusTa Ha bbnrapus BbB Manko CbC CPeAEH XUMWYeH CbeTaB. MMOBEYETO OT CKanHWTE
BuoMMaTa M Onuskata  MH(pavepBeHa obrmactm  oT BMOBE Ca CBET/N (NTEBKOKPATHM) M ChAbPXKAT CPELHO OKONO
enektpomarHutHusa cnektsp (EMC) kato ca u3nonssanu 10% uBeTHM MuHepanm (MapuHos, 1989). Coluo Taka 0BekT
cnektpomeTpuynn cuctemm SRM, 0.4-0.82 um u SPS-1, Ha u3crefBaHe Ca OTAENHUTE OCHOBHM Ckanoobpasysally
0,55-1,1 um. Anapatypute ca paspabotenu B LITIC3B-B5AH u MUHepanm, KouTo hopMupaT rpaxuTuTe. Te ca M3MepeHm kaTo
Cca U3Non3BaHu Mpu 13y4aBaHETO Ha pacTUTenHa W MouvBeHa AVHUYHM MacvBHYM 0BPa3LY OT Kannes (enalnat, opToknas,
MokpuBKa. 3a CpaBHEHWe Ha AaHHUTe, MONYYEHU C MOMOLLTA KBapLy M MyCKOBMT, 4MMTO pasmepu ca CbobpaseHn W
Ha pasnuWyHWTEe amapatypu, ca V|36pa|-|y| [Be [ObMKMHU Ha CbBMECTUMK C NONE3PEeHNEeTo Ha Wu3nonseaHata cucTema
BbAHaTa. 3a NoAbpaHM ObIKMHN HA BbAHATA € yCTaHOBEeHa SRM. Jluncata Ha epguHUYHW MPUPOAHM  MUHEpanu OT
3aBUCMMOCTTA MEXy KONMYECTBEHOTO ChbAbpXaHue Ha nnarnoknas, BuoTuT 1 amnbon ¢ HyXHUTE 3a NONE3PEHNETO
ckanoobpasyBalyTe MUHEpanu Ha rpaHUTUTE U CTOWHOCTTA Ha CMEKTpOMETbpa Pa3Mepu Hanoxu W3NoN3BaHETo Ha
Ha CMEeKTPanHMs KOeULUMEHT Ha oTpaxeHue. [lonyueHuTe MHOrOKaHanHa —crektpometpudyHa anaparypa SPS-1. C
pesynTaTti MokaseaT, Ye Tasn MeToguka Moxe da 6bae roMoLyta Ha Tasu anaparypa 6sxa u3mMepeHyu crektpanHuTte
NPUIOXeHa 1 3a Apyr CKanHW pasHOBWAHOCTM, NPeACTaBeHu OTpaXaTerHn  XapakTepuCTUkW  Ha  BCU4KW  NPEACTABEHN
Ha TeputopusaTa Ha E'bnrapmg_ MWHEpPann Kato BKMNOYEHUA B U3CneaBaHUTE CKallHK o6past|,

KaKTo 1 BCekn 0bpasel].
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Chlorophyll fluorescence as a plant stress indicator
R.H. Kancheva, D.S. Borisova, I.T. Iliev
Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences

Sofia 1113, Acad. G. Bonchev Str., bl.3 BULGARIA
E-mails: rumik(@abv.bg; dborisovalastil.bas.bg

The objective of the work is to determine the degree of plant stress detectable from fluorescence
measurements. Experiments have been conducted with Hordeum vulgare grown in greenhouse conditions for 2-3
weeks. Plant stress in response to the application of different concentrations of Cd has been quantified by changes
of leaf pigment content. Heavy metals affect plant photosynthetic apparatus causing. Fluorescence spectra exited at
470 nm have been taken in the red and far-red spectral region (640-800 nm). Significant increase of fluorescence
emission of stressed plants in comparison to control plants has been observed. The variance of different
fluorescence parameters has been statistically related to chlorophyll decrease. The results show that the heavy metal
induced stress is detectable from chlorophyll fluorescence demonstrating that the analysis of fluorescence spectra
may timely and accurately indicate the onset of stress in plants.

The present study was supported by National Science Fund of Bulgaria (NSFB) under Contracts NZ-1410/04
and INI-12/05.

Introduction

Much interest in the early assessment of growth stress of agricultural crops has been generated
recently by the spreading acceptance of the precision agriculture running concept. The implementation of
modern remote sensing technologies is a basic assumption of this concept [1]. That is why the
assessment from spectral data of crop state and growing conditions is in the focus of many investigations
and experimental studies [2-4]. Special attention is paid to vegetation monitoring in relation to stress
detection [5-8].

Stress-induced changes in the composition of photosynthetic pigments change the optical signatures
of leaves and as such are indicative of plant functioning and short-term or long-term stresses. The early
detection of plant inhibited growth should be directly connected to fundamental processes of plant
physiology. Such a fundamental process is photosynthesis and the connection has been found in
vegetation fluorescence. Chlorophyll fluorescence is a measure of the efficiency of photosynthesis and
can be used, therefore, as an indicator of vegetation health and vitality. Though being studied for
decades, light induced fluorescence has not lost its attractivity to experimental plant physiology.
Moreover, it experiences ever-increasing interest as a response to different stresses that might be
qualified and quantified from plant fluorescence behaviour. In recent years, the screening of plant
fluorescence signatures is developing as a specific tool which could be applied to detect the functioning
and health status of plants [7,9,11]. Compared to reflectance, induced fluorescence might be a more
accurate indicator of plant state and be able to detect stress impacts at earlier growth stages.

The objective of this paper was to examine the relationship between fluorescence emission spectrum
and barley growth inhibition under stress conditions (heavy metal contamination). Fluorescence changes
appeared to be high-sensitive to chlorophyll decrease at a very early stage of plant development before
visual color or morphological signs had been observed.

Materials and Methods

In the experiment barley plants (Hordeum vulgare L., standard karyotype) were used. Seeds were
imbibed in tap water for 1 h at 27°C and germinated for 48 hrs between two layers of wet filter paper at
27°C in darkness. The seedlings were planted on perforated polystyrene plates, floating on distilled water
in glass pots, and were grown during 5 days under day/night environmental conditions. Then the plants
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AHanu3 cnekTpanbHbIX XapakTepucTuk rpaHutos bonrapuun
1I.C. Bopucosa', 5.C. Banymes®, ILII. Hanes'
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’T'opno-zeonozuveckuii ynueepcuniem
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I'paHUTHI ABIAFOTCA OCHOBHBIM KOMIIOHCHTOM KOHTHHCHTATBHOM 36MHO KOPBI, ()OPMUPYS Ty CymIy, HA KOTO-
PO¥t MBI JKHBEM H B TIpeeIax KOTOPOH COCPETOTOYECHO OOTBIMMHCTBO JOCTYIHBIX UL PAa3pabOTKH MECTOPOKICHIH
TOJIC3HBIX UCKOMACMBIX. /|11 M3y4eHUA OOTBIIOr0 Pa3sHOOOPA3UA TPAHNTOB CHOCOOCTBYCT W JUCTAHIMOHHOC 30H-
JUPOBAHWE 3EMIHM, B YACTHOCTh IIONECBBIC M JAOOPATOPHBIE CHEKTPOMETPHUECCKUE METOIBI HCCIICTOBAHUIL
HccnenoBansl ABa TUMA TPAHUTOUAOB boiarapuu pa3HOro reoJI0rmyecKoro Bo3pacta. i u3y4eHus: COEKTPATbHbBIX
XaPAKTECPUCTHK MPOBEACHO CTICKTPOMCTPHPOBAHAC TPAHUTOB B JIAOOPATOPHBIX YCAOBIAX B quama3oHe 0,5-1,1 mMxM,
JUTIA YET0 HCIIONb30BaHa KoHCTpyupoBaHHas B I[JIC3B-BAH anmaparypa. [l aHAM3UpOBAHIA MOTYyYCHHBIX TaH-
HBIX HCIIOJIB30BAHBI METOABI ACKOMIO3HUIIAA CICKTPAJIbHBIX CMeCCI\/'I, HHICKChI-OTHOIICHIA }IpKOCTei/'I CIICKTPAJIb-
HBIX KQHAJIOB, PETPECCHOHHBIN U KIACTEPHBIA CTATUCTHYECKHUI aHAINS.

Pabora BemomHena mpum mommepkke mpoekroB HCHU-MOH NoeH3-1410/04, NelIHM12/05 m NeMVYH3-
1502/05.

IHeTporpajduueckoe onucanue HccaeJ0OBAHHbIX TPAHUTOU0B

OOBeKT HACTOSIIEr0 UCCIEOOBAHUS ABA TUMA T'PAaHUTOMIOB bonrapum pa3HOro reoIoru4eckoro
Bo3pacta — mnanco3oiickuii B LlenTpampHoM CpemHOropum, rae HaxOOATbCS TaK Ha3bIBACMBIC
IOsxHOOONMTapCcKkue rpaHuTON bl U BepxHUil Mea B torosoctounoit (FOB) Boarapuu. Cpeanoropckue
IPAHUTOUABI BMCIICHBI B MeTaMOpP(QUYECCKHE TOpPHBIC MNOPOABI JAOKEeMOpHICKOro BoO3pacta, a
rpaautouasl FOB Boarapuu paccekaror aokeMOpuiickue MeTaMOp@UTHI, MAICO30MCKUE TPAHUTHI U
TPUACKHE MTOPOABI.

Bo Bpemsi maneozoiickux MmarmMaTHdeckux mnpoueccoB B CpeIHOropHM YCTaHOBICHBI JBa 3Tara.
[lepBeIii 3Tan OTMEYEH MaICHBKUMHU YIBTPAOCHOBHBIMH M OCHOBHBIMH TETIaMH M3 MHPOKCCHHTA, TabOpa
n raObpoanopura. Bropoil 3Tam oxapakTepH3HpPYyEThCSI MHOTOKPATHBIM BHEAPCHUEM T'PAHUTOMIHOU
Marmbel. OG0COONECHHBI TPH WHTPY3WBHBIC KOMIUTEKca [l] M Kakaplid W3 HHUX TPEICTABISCTHCS
HECKONBKAMU OTACIBHBIMU ILTYTOHAMH.

[lepBBIii HHTPY3UBHBIA KOMIIIEKC XapaKTEpU3yeThCs OOllce OCHOBHBIM COCTaBOM H
obmupHOH (Pa30BOH M3MEHUYMBOCTH (POPMHUPYIOMMX NIYTOHHYHBIX TOPHBIX HOPOJ: T'PAHUTOB,
rPAHOAMOPHUTOB, KBapuAHMOPUTOB M AuoputoB. CmumoseHckuit, [lonOpenckuit u Xwucapckuit
ITYTOHBI OTHOCATHCS K 3TOMYy KomIuiekcy. UX Boszpact (342+27 MnH. neT — paHHUU KapOOH)
ompenencH Rb/Sr meTomom [2].

[lerporpaduueckuii cocTaB BTOPOro HMHTPY3MBHOTO KOMILIEKCA OJHOOOpa3eH W COOCPKHUT B
OCHOBHOM OHMOTUTOBBIC U JBYCTIOISHBIC TPAHUTHI, HEMHOTO IPAHOJUOPHTHI | IIaruorpanutsl. K stomy
KoMmIutekcy oTHocsaThes Kompusimenckuii, Merrenmmknii u IleicrpoBckmii turytonsl. KMIX Bospact
(320458 man. aer — mo3xHui kapOoH) ompeaeneH Rb/Sr merogom [3].

TpeTnii HHTPY3UBHBIH KOMIUICKC COCTOHUTHCS M3 OMOTHTOBBIX U ABYCTIOMIHBIX rpaHuToB. K 3TOMY
koMIuiekcy otHocsTbes Crpemuanckuii, Kapasenosckuii u JlecnmiaoBckuii mmytonsl. VX Bospact (238137
MJIH. JIET — MO3AHMIA riepM) onpeaeneH Rb/Sr metogom [3].

Hccnenosansl rpynmer  00pasuoB  CpegHoropckux rpanutoB u3 CmunoBeHckoro (00p. 4),
ITerctposekoro (06p. 3, 8) u Crpemyanckoro (00p. 2) MIyTOHOB, a Tak-ke rpanurongsl OB Bonrapumn
n3 'parnToBo-YepHozomckoro (00p. 9, 10) u Omanckoro (00p. 5) IITyTOHOB.
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Vegetation Spectral Response to Stress Conditions
Kancheva R.H., Borisova D.S.
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Remote sensing is already an operational tool widely used in vegetation studies for ecological monitoring,
change detection of natural ecosystems and in agriculture for crop state assessment and yield prediction. A
strong stress is being put on the accuracy of the retrieved information. This requires reliable indicators of plant
growth and physiological status. The development of efficient means for data analysis is still one of the most
essential issues. The importance of this issue is directly related to the ever-increasing amount of data provided
by numerous sensors. The use of multispectral and multitemporal remotely sensed data and the implementation
of advanced data processing technologies results in the possibility of getting different information needed for
decision-making in solving problems related to vegetation preservation and agricultural land use. The
application of satellite data requires knowledge of land covers spectral behaviour under different environmental
conditions considering regional and local peculiarities. In this context detailed ground-based and airborne
spectrometric studies complement the array of geo-spatial data products. These studies are the most appropriate
way of aiding the interpretation and providing a reference source for validation of remotely sensed data. This
paper is devoted to plant stress detection using VIS and NIR multispectral data. Empirical modelling of various
agricultural crops under different soil and ecological conditions has been performed in order to describe the
relationships between plant spectral and biophysical features and to derive sustainable spectral indicators of

plant state.

Introduction

During the last years destructive processes caused by
natural disasters or human activity are in the focus of the
scientific research and occupy the attention of social
communities and government authorities. A great variety of
projects has been developed aimed at environmental
monitoring and control. Recent developments in
environmental studies are greatly connected with worldwide
ecological problems related to anthropogenic impacts on the
biosphere and first of all on vegetation. Advanced monitoring
and alerting techniques, on-time information extraction,
modeling and forecasting technologies are a preposition for
successful data application and decision support in
environmental studies. The interrelated nature of many
environmental problems has imposed the need of
multipurpose programs, data integration and information
sharing between different databases.

Remote sensing technologies are widely used for natural
resources management, crop assessment, land covers change
detection, ecosystems preservation and many other world
significant problems. Two issues are of essential importance
for the application of airborne and satellite data: the
development of efficient algorithms for data analysis and the
explicit information about land covers spectral behavior under
different conditions, both associated with a higher reliability
of the derived information. Being the most important and
anthropogenic-affected component of the biosphere, the
vegetation has a leading position among the priorities of the
remote sensing investigations. In agriculture remote sensing is
applied for assessing plant development processes and growth
conditions. Along with other databases provision, it is a tool
that is used for retrieving agronomical variables in order to
evaluate crop current state and make predictions. Especially
valuable are the temporal aspects of the remotely sensed data
in identifying of stress situations. Numerous papers have the
objective of analyzing vegetation reflective and emissive
spectra in order to quantitatively estimate green phytomass

REMOTE SENSING OF THE EARTH AND PLANETS

and physiological variables related to plant growth and
productivity [1-6]. Studies are being carried out with the goal
of vegetation assessment, stress detection and evaluation of
desertification processes. Especially valuable are the temporal
aspects of the remotely sensed data in detecting stress
situations [7-12].

With all this in view our paper focuses on different
techniques for handling data from multispectral and
multitemporal measurements analyzing plant spectral
signatures in terms of plant state and response to stress
factors. Results are presented from a study devoted to crop
state assessment using spectral-biophysical ~modeling
approach. The investigations were carried out on various
agricultural species (winter wheat, spring barley, peas, alfalfa)
grown under different conditions (soil properties, fertilization,
heavy metal pollution). Soil acidity, nutrient deficiency and
toxic contamination were stress factors that affected crop
development. Their impact was evaluated through different
plant  spectral  signatures  (reflectance,  absorption,
transmittance, fluorescence) which were examined for their
ability to serve as sustainable stress indicators at different
stages of plant ontogenesis. Statistical relationships were
established between the stress factors, plant spectral and
biophysical response thus attaching a quantitative measure to
crop stress spectral indicators. A comparison was made
between stress bioindicators (reduced biomass and leaf area
index, chlorophyll inhibition) and a variety of spectral stress
indicators (vegetation indices, red edge position, chlorophyll
fluorescence) demonstrating a very good agreement.

Materials and Methods

The experiments were conducted on various agricultural
species (winter wheat, spring barley, peas, alfalfa) grown
under different conditions (soil type, toxic pollution and
fertilization regimen represented by the nitrogen amount and
compound). The study comprised laboratory and green-house
or field experiments. The soil acidity, nutrient deficiency and
heavy metal contamination (Cd, Ni,) were stress factors that
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W3MEPEHW U MOOENUPAHU OTPAXATENHU CNEKTPU HA TPAHUTU

JHeHuya bopucoea, hnko Unues
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PE3IOME. C nomowiTa Ha koHcTpyupaHaTta B LIJIC3B-BAH anapatypa SPS-1 ca namepeHu B nabopaTopHi YCrOBUSI OTpaxaTemnHuTe CnekTpu Ha
neTporpadpcku 06pasuym rpaHuTH, B3ETW OT pa3niyHM paiioHu Ha Bwnrapus (UextpanHo CpegHoropue, MupuH u KroustouHa Bwnrapus).
ChlLeBpeMEHHO CbC CblyaTa anapatypa Ca MpoBEAEHN W W3MEpPBaHUS Ha OTpaxaTerHWTE CrEKTPU KaKTO Ha OCHOBHWTE Ckanoobpasysaluy
MWHEpanu kaTo MOHOMUHepanH1 obpasLy OT KBapL, kanues enfwnat U MyCKOBUT, Taka 1 KaTo MAHEpanu y4acTBaluy B CbCTaBa Ha CKanuTe.
PabotHusT auanasoH Ha SPS-1 e BbB Bugumata v 6nmskata uHdpavepseHa YacT OT enekTpoMarHuUTHUA cnektsp o 550 nm go 1100 nm.
CpaBHeHn ca nonmyyeHuTe U MOLENMpaHuTe, Bb3 OCHOBA Ha TEOpUsTa 3a CMeCeHUTe KnacoBe 0OEeKTM, OTpaxaTemnHu CneKTpu Ha u3ydaBaHuTe
rpaHuTy. MonyyeHnTe KOpPENaLMOHHINTE 3aBUCUMOCTM MOKa3BaT, Ye Tasl MeTofuka MoxXe Aa 6bae NpunoxeHa v 3a Apyru ckanHv pasHOBUAHOCTY,
npeacTaBeHu Ha TeputopusTa Ha bbnrapus.

MEASURED AND MODELED GRANITE REFLECTANCE SPECTRA
Denitsa Borisova, llko lliev
Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, 1113 Sofia; dborisova@stil.bas.bg; iiliev@stil.bas.bg

ABSTRACT. Laboratory spectroscopy measurements of petrographic granite samples from different regions of Bulgaria (Central Srednogorie,
Pirin, and South-East Bulgaria) are carried out using designed and constructed in STIL-BAS spectrometric system SPS-1. The system works in
visible and near-infrared (VNIR) range of electromagnetic spectrum between 550 nm and 1100 nm. Parallel laboratory measurements of the rock-
forming minerals as monominerals (quartz, feldspar, and muscovite) and as a part of the granite samples are performed. Reflectance spectra of the
granites are modeled using the theory of mixed classes. Measured and modeled spectra are compared. Established high correlation between
measured and modeled reflectance spectra of the studied granites confirms that this methodology could be extended for other rock types presented
in the territory of Bulgaria.

BbBepeHue lpaHUTUTE ca CBETNOCUBM, CUBMW, CUBOXLITEHUKABN [0
[MCTaHUMOHHMTE M3CNefBaHUs Ha CKamuM U MUHepanu ca po3osu. CTpyKTypara UM € efipo-, CPeAHo-, ApeGHO3bPHECTA,
aKkTyanHu B HacToOAWMS MOMEHT BbB Bpb3ka C peauua PaBHOMEPHO3BLPHECTA UMK HepaBHOMEPHO3bPHeCTa (Mopdu-
eBponericku nporpamu, ocHoBHO GMES (Global Monitoring of poudHa), TpaHuTOBa, a TekcTypaTa — MacvBHa. [MaBHUTE
Environment and Security). 3a Lenta Ha HacTosiwaTa paboTa ckanoobpasysalyy MUHepanu ca KBapli, kucen nnaruoknas u
ca NpOoBefeHN CNeKTPOMETPUYHM U3MEPBAHUS Ha rPaHUTLA M K-Na cenpwnar. BropocteneHHute muHepanu ca 6uotwr,
TEXHWUTe CkanoobpasyBally MUHEpan B Ba BapyaHTa — Kato amgubon 1 3HAaYMTENHO NO-PSAKO — MYCKOBMT U rpaHat, a
MWHEpanM B CaMUTE CKarHW o6pasuy M Kato OTAemnH AKUECOPHNTE — LIMPKOH, amnaHuT, TUTaHWT, pyTui, anatut u
kpuctanu. Beudku 06pasum ca ot Teputopusita Ha bbnrapus — TypManuH. LIBETHUST wuHpekc Ha rpaHutute e okono 10.
LieHtpanto Cpegtoropue, MupuH 1 tOroustouna Bbarapus. CbabpxaHueto Ha SiO, e mexay 68 u 73%, a Ha ankanHuTe
KvicenuTe ckanm ca LUMPOKO pasnpoCTpaHeHu B 3eMHaTa Kopa, okenan Na,0+K,0 - 4.8-10%. OcHoBHUTE pa3HOBUAHOCTH
KaTo TMNYTOHMYHUTE WM MpPEeACTaBUTEnM npeoGnajasat rpaHuTy ca 61oTuTOB, amcubon-GMOTUTOB U ABYCMIOAEH.
MHOTOKpaTHO ~ Haj  ByMKaHckute.  [panuToMgute  ca
CbLUECTBEHA YaCT OT KOHTUHEHTanHaTa 3eMHa kopa KbAeTo lpaHoanopuTUTe Ca  CUBO3ENEHW, €[po-, CPEfHo-,
y4actBaT B M3IPaXOaHeTo Ha OrpoOMHM CIOXHO YCTPOEHM ApeGHO3bPHECTH, PABHOMEPHO- 1 HEPaBHOMEPHO3bPHECTH
GaTonuT B OporeHAuTe nosicu. Cropen MopanHata QAP (nopdmpomnanm). CTpykTypata MM € rpaHuToBa, MO-PAAKO
knacugmkaums Ha MCIH  (MexgyHapogeH Cbio3  no MOHLOHMTOBA, @ TeKkcTypata - MacuBHa. [rnaBHuTE
reonorMyeckn  Hayku) Bb3 OCHOBA Ha  pasfnyHuTE ckanoobpasysalyu MuHepanu ca nnarvoknasu, keapu, K-Na
CbOTHOWeEHM Ha K-chenpwnati W nnarvoknasute cpeq enpwnart, amgubon 1 GUOTUT, a aKLIECOPHUTE — TUTaHMT,
KACenuTE  MAYTOHWYHM — CKanuM  ce  pasrpaHnyasat anatuT, UMPKOH, anaHuT W MarHeTut. LIBeTHUAT uHOexc e
ankanHoenaWnaToB [PaHuT, [PaHUT, [PAHOAMOPUT W okono 20. CbabpxaHueTo Ha SiO, e mexay 64 v 68%, a Ha
TOHanNMT. ankanHute okeuan Na,0+K,0 - 3-10%. Cnopeng cbabp-

XGHWETO Ha LBETHM MWHEpPanu rpaHoAMOPUTUTE CE MOAENST
Ha amdubonosy, BuotuT-amcpnbonosm, aBrUT-ampubOnoBy.
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Tracing soil pollution dynamics near mining dump site lakes,
Mirkovo flotation plant

H. Nikolov, D. Borisova

Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Bulgaria, hristo@stil.bas.bg /
dborisova@stil.bas.bg

Keywords: land cover change detection, vegetation indices, soil line concept, soil recla-
mation

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 ref-
lectance 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 re-
mote 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 eco-
nomically attractive for the company responsible for the ecological state of the region.

1 INTRODUCTION

Traditional classification techniques are “hard” in the sense that a single pixel is assigned to a
single land cover class. At coarse resolutions pixels predictably become mixed. For these mixed pix-
els “soft” classifiers can be used, which assign a pixel to several land cover classes in proportion to
the area of the pixel that each class covers.

Several researchers have addressed this sub-pixel mixture problem. Among the most popular
techniques for sub-pixel classification are mixture modeling (Kerdiles and Grondona, 1996) and su-
pervised fuzzy c-means classification (Foody,, 1994).

These techniques aim at estimating the proportions of specific classes that occur within each pix-
el. The result is a number of fraction images, one for each land cover class concerned. This informa-
tion describes the class composition, it does not provide any indication as to how this is spatially dis-
tributed within the pixel. The result is thus quite different from the classic classification algorithms,
where a single land cover map, containing all classes, is produced. One way to go from fraction im-
ages to a classic land cover map would be to use "hardeners", where rules can be formulated to de-
termine which class dominates the pixel. The main disadvantage is that information is lost much in
the same way as happens with classic hard classifiers. Atkinson (1997) has formulated an idea for an
alternative approach. It consists of converting raster data to vector data by threading the vector
boundaries through the original image pixels (instead of between pixels, as classic raster-to-vector
conversion algorithms would do). This process is called sub-pixel mapping. The key problem is de-
termining where the relative proportions of each class are most likely to occur.
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Colorimetrical analysis in vegetation state assessment

R. Kancheva, D. Borisova
Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Bulgaria, rumik@abv.bg

Keywords: spectral reflectance, colorimetrical analysis, vegetation parameters

ABSTRACT: Remote sensing is an established technique in environmental studies. First of all,
this concerns soil-vegetation ecosystems where the availability of means for vegetation monitor-
ing, stress detection and state assessment is of great importance. A significant amount of re-
search has been performed to develop efficient methods for monitoring of vegetation dynamics.
A prevailing part of the works is devoted to the use of multispectral data transformations (vege-
tation indices) such as spectral bands ratios and linear combinations in order to estimate vegeta-
tion parameters. The dependence of vegetation spectral features in the visible and near infrared
bands on plant biomass, chlorophyll content, canopy cover, etc. lies at the root of this approach.
In this paper we report some results of the colorimetrical analysis of vegetation spectral data.
The work was conducted in order to reveal plant senescence effects due to plant growth or stress
factors and the impact of the soil background on vegetation reflectance. One of the goals of the
study was to evaluate the potential of various colorimetric features for vegetation assessment.
Another objective was to compare this approach to the results of the implementation of vegeta-
tion indices for plant bioparameters retrieval from multispectral data. The integration of both me-
thods was examined as well showing good predictive capabilities.

1 INTRODUCTION

The problem of mixed classes is essential in remote sensing and concerns most aspects of data
processing and interpretation. It is associated with spectral mixture decomposition and classifica-
tion. Soil-vegetation covers are a typical example and a most common case of mixed classes where
the determination of the components’ proportions is of a particular interest. The objective of the
paper is to study the influence of different soil background and plant senescence on vegetation re-
flectance and color features as well as to reveal the potential of colorimetric analysis technique for
mixture decomposition focusing on the accuracy of green cover estimation which is related to
vegetation state assessment.

2 MATERIALS AND METHODS

In-situ and green-house reflectance measurements of various vegetation types (alfalfa, wheat,
spring barley, peas, carrots, grass) with different soil background and degree of senescence were
performed in the spectral range 400-820 nm.

The soil diversity was presented by dark soils (black, brown, reddish laterite) and light soils
(grey forest, alluvial, meadow) with different properties (mineral composition, organic and mois-
ture content, surface roughness and salinity). The spectral reflectance curves of some of these soils
are given in Fig.1 illustrating the large range of soil reflectance signatures.

The variety of green and dry vegetation amounts (the latter related to chlorophyll decrease in
mature plants or plant stress conditions) was achieved during plant development as well as simu-
lated from bare soil and vegetation full-canopy cover reflectance using the theory of mixed classes
(Mishev 1991):
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Granite and granodiorite identification using
spectral unmixing techniques

Denitsa Borisova* (STIL-BAS), B. Banushev (University of Mining and
Geology) & H. Nikolov (STIL-BAS)

SUMMARY

The development of efficient technologies for data analysis is one of the most challenging issues that the
remote sensing community is facing. Matters of data reduction, processing algorithms accuracy,
information amount, cost and time saving determines the efficiency of data analysis. The importance of
this issue is directly connected with the ever-increasing quantity of data provided by numerous airborne,
field and laboratory operated sensors, with their synergistic use as well as with the accuracy of data
processing algorithms and results verification.

We present here some results from a study of different spectral unmixing techniques over two similar rock
types such as granite and granodiorite in relation to objects type and proportions determination.
Experimental data from field and laboratory spectral reflectance measurements in the visible and near
infrared band are used. Various decomposition methods (linear unmixing, clustering) are applied and
evaluated.

Spectral linear unmixing is efficient approach to the spectral decomposition of multichannel remotely
sensed data. A main problem to its process is that the number of spectral components (has to be correctly
distinguished. Therefore, the evaluating of the possibility of using spectral mixture decomposition in
relation to their type and proportion determination for subpixel identification is described.

5" Congress of Balkan Geophysical Society — Belgrade, Serbia
10 — 16 May 2009
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Abstract — Increasing role for plant phytodiagnostics becomes to
play different spectrometric technigues used as a part of remote
sensing applications. The radiation behavior of land covers and
the spectral response to changing conditions lies at the root of
these studies. The visible and near infrared (0.4 - 0.9 pum)
measurements have proved abilities in vegetation monitering.
The reason is that this wavelength range reveals significant
sensitivity te plant biophysical properties. The information is
carried by the specific vegetation spectral characteristics which
depend on such plant parameters as chlorophyll content, biomass
amount, leal area, etc. These parameters are associated with
plant development and stress factors being closely related to
vegetation physiological state. In our study. multispectral data of
reflected. transmitted and emitted by plant leaves irradiance
have been used to show the possibility for plant chlorophyll
estimation. Different methods such as vegetation indices, red edge
analysis and fluorescence emission have been applied and
compared.

Keywords:  multispectral  data, estimation,
vegetation indices, red edge, flucrescence

chilorophyll

1. INTRODUCTION

Recent developments in environmental studies are greatly
connected with worldwide ecological problems related to
anthropogenic 1mpacts on the biosphere and first of ail on
vegetation. Advanced monitoring and alerting techniques, on-
ume informaton  extraction, modeling and forecasting
technologies are a preposition for successful data application
and decisien support in environmental studies.

The spreading acceptance of the concept of precision
agriculture runming [1] generated much interest in the early
detection of plant growth stress. The implementation of
modern remote Sensing technologies 1s one of the basic
assumptions of this doncept, special attention being paid to
vegetation monnornng in relation to stress detection. That is
why the assessment from spectral data of crop state [2,3] and
growing conditions has been and still is at the focus of
numerous investigations and expenimental studies [4,5].

important here are early warning signs of plant inhibition
which  should be directly connected to fundamental
physiological processes. Such a process is the photosynthesis
and the connection has been found in vegetation fluorescence
{6.7]. The optical signatures of leaves are mostly defined by the
composition of photosynthetic pigments and their stress-
induced changes and as such they are indicative of plant short-

978-1-4244-3626-2/09/525.00 ©2009 IEEE

term or long-tenm stresses. Though being studied for decadcs,
light induced fluorescence has not Jost its attractiveness’
Moreover, it experiences ever-increasing interest as a rcspoﬁsé
to different stresses that might be qualified and quantified from
plant fluorescence behaviour. In recent years, the screcning of
plant fluorescence signatures is developing as a specific’ too)
which could be applied to detect the functioning and health
status of plants [8-10]. Compared to reflectance, induced
fluorescence might be a more accurate indicator of plant state
and be able to detect stress impacts at earlier growth stages.

In our study. multispectral data of reflected. transmitted and
emitted by plant leaves irradiance have been used o show the
possibility for plant chlorophyll estimation. Different methods
such as vegetation indices. red edge analysis and fluorescence
emission have been applied and compared. A comparison was
made between stress bioindicator (reduced concentration of
chlorophyll pigments. chlorophyll inhibition) and a variety of
spectral stress indicators (vegetation indices, red edge posnion,
chlorophyll  fluorescence} dJemonstrating & very  zuud
agreement. Good comrespondence was found between both
physiological and spectral indicators of plant status. The results
were  confinmed by repeated experiments proving the
consistence of the established relationships.

1. MATERIALS AND METHODS

The nvestigations were conducted on various agricultural
species (winter wheat, spring barley. peas, alfalfa) grown under
different condinons (soil type, ferulization regimen represented
by the nitrogen amount and compound, toxic pollution). The
study comprised laboratory, green-house or field experiments.
The soil acidity, nutrient deficiency and heavy metal
contamination (Cd, Ni.) were stress factors that affected the
development and caused vanations of crop state. Their impact
was evaluated through plant spectral features (reflectance,
absorption, transmittance, fluorescence). These features were
examined for their ability to serve as sustainable stress
indicators during plant growth.

Spectral, biometrical and phenological data were gathered
at different stages of plant ontogenesis. The ground-based
reflectance measurements were carried out at canopy level with
a multichannel radiometer operating from the nadir position in
the visible and near infrared wavelength range 400-820 nm at a
10 nm step. The transmittance and fluorescence measurements
were performed over detached plant leaves with a laboratory
spectrometric system [11]. The biometrical sampling included

-~ -
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Fusion of Landsat TM and ground spectrometry data
in monitoring of non-operating mine
D. Borisova*, H. Nikolov

Solar-Terrestrial Influences Laboratory-Bulgarian Academy of Sciences (STIL-BAS)
Acad. G. Bonchev Str., bl.3, Sofia, Bulgaria, 1113

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.

Keywords: Remote Sensing, Environment, Change Detection, Decision Support, Multisensor Data, Fusion

1. INTRODUCTION

The geological exploration of the copper-bearing rocks in the Sredna gora region, located in the middle of Bulgaria,
started in the late 50-ies of 20-th century. As a result the mining plant “Medet” was built who started its production 1964.
The main activity of this plant is extraction and recovery of copper together with all relevant engineering and
commercial actions. The experience for exploration and mine plant construction gained on this site was implemented on
other mine plants across Bulgaria during 60 and 70-ies of same century. In 1994 the open pit mine “Medet” was closed,
but the newly developed “Asarel” mine started its operation.

In both cases the ore deposits are developed by open pit mining and together with them the dump areas are one of the
largest pollutants of the environment in this region. That is the reason to start monitoring and rehabilitation activities for
the region as a whole eco system. A monthly bulletin about the quality of the air and water is published and distributed in
by local authorities. In the 2003 the company Assarel-Medet SJSCo implemented an integrated control system according
to the international standards ISO part of which is an environmental standard ISO 14001:1996. This policy for
ecologically clean production could be supported to great extend by data obtained by existing and new remote sensing
instruments having moderate to high spatial resolution. Compared with the data taken 20 years ago the spatial precision
of the data improved more then twice which may result in better decision support. This is the motivation of the team — to
develop better understanding of the reclamation process and its monitoring.

The methodology of widely used change detection, based on in-situ digital data, is the process related to the changes of
the land-cover properties. By this means the changes in the land cover between two dates are highlighted. Change
detection has been used in many applications such as land-use changes, rate of deforestation, urban areas alteration
implementing remotely sensed data along with spatial and temporal analysis procedures and digital image processing
techniques.

*dborisova@stil.bas.bg; phone +359 2 979 3352; fax +359 2 870 0178; www.stil.bas.bg

Remote Sensing for Environmental Monitoring, GIS Applications, and Geology IX, edited by Ulrich Michel, Daniel L. Civco,
Proc. of SPIE Vol. 7478, 74781V - © 2009 SPIE - CCC code: 0277-786X/09/$18 - doi: 10.1117/12.830653
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The recognition and the spreading use of remote sensing as a tool in land cover/land use monitoring makes
the question of data quality still more acute. In transferring remote sensing techniques to operative applications,
data accuracy and information reliability are critical. Currently, the remote sensing community is recognizing,
again and deeper, the indispensable necessity of ground-truth information in support of Earth observation
missions. Supporting and raising the capacity of remote sensing investigations encompasses the implementation
of a wide range of information sources, making full use of in-situ ground-based monitoring and airborne surveys
along with space observations. In this context the paper presents a vision on the objectives of in-situ networks
for data acquisition on target selected test-sites with the aim to enhance remote sensing scientific and modelling
capacities and to meet the need for multidisciplinary research and multipurpose data application. The paper
aims also at rising the interest in international collaboration.

Introduction

The challenges posed by the increasing natural and man-
made pressures on the environment and its resources require
efficient and coordinated research at different levels. Dealing
with the consequences of the anthropogenic impact on the
environment requires more informed policies. The same
refers to geo-hazards such as floods, landslides, wildfires,
pollution, etc. Improved assessment and forecasting are
needed to mitigate risks. This implies a multidisciplinary and
integrated approach to surveys and data analysis.
Acknowledged and justified is the recognition of remote
sensing as a powerful tool in land use/land cover monitoring
for a large number of purposes ranging from agricultural
practices to global ecology and environment protection.
However, a better data provision is needed to fill existing
gaps [1,2]. This is despite the fact that over the last years
considerable progress has been made in space-borne devices
and observation systems.

Ecosystem assessment is one of the most important areas in
using remote sensing data. Land cover dynamics is strongly
influenced by a great number of factors, generating the need
for adequate monitoring tools. As a consequence, robust and
sophisticated analysis methods are required for efficient data
handling and accurate information extraction adapted to the
rapid advances in sensor technologies. Besides, multi-
temporal and multi-sensor approaches are becoming more and
more important not only for change detection but also for the
development of more detailed state assessment methods. In
the study of land covers the information requirements can be
effectively met by using conventional (terrestrial) and modern
remote sensing techniques [3]. Often remote sensing data
alone do only perform a part of the job since comprehensive
end-user products are a result of the combination of remotely
sensed data coupled with ground survey and modeling. Data
accuracy, data processing, and the creation of customer
specific and dedicated products are keys for a breakthrough of
remote sensing applications.

The remote sensing community recognizes the
indispensable necessity of ground-truth information in
support of satellite Earth observation missions. In order the

remote sensing techniques to be widely transferred to
operative applications, data quality and retrieved information
reliability are critical. Algorithms and quantitative models for
estimating various land surface variables from remotely
sensed observations need to be validated using ground-truth
data [4-6]. Supporting and raising the capacity of remote
sensing investigations encompasses the implementation of a
wide range of information sources, making full use of in-situ
surveys (ground-based and airborne) and space monitoring.

The paper presents a vision on the necessity and the
objectives of an in-situ infrastructure for data acquisition on
target selected and representative of different ecosystems and
environmental conditions test-sites. The development of an
integrated in-situ and remote sensing information system
responds to the needs for coordinated multi-disciplinary data
acquisition, integration and multi-use in monitoring the state
of the environment, including air, water, soil, natural
landscape and farmlands.

In-Situ Support - Closing the Gaps

Spatial information (any data with reference to a specific
location or geographical area) plays a special role in
environment monitoring because it allows information to be
integrated from a variety of sources and disciplines for a
variety of uses. However, the widespread use of spatial
information is still not a routine. The main problems relate to
data gaps and incompatible data sets due e.g. to varying data
needs, standards, undefined quality and barriers to sharing,
accessing and using of data. Remote sensing is an important
source of information for a large number of Earth sciences
and application fields. Data acquisition technologies and
information extraction methods are pushed to give shift to
user-oriented approaches where quantitative and reliable
assessments, trend evaluations and forecasts are demanded.
To achieve this, it is necessary to make full use of data
collected from space-borne, airborne and field observation
systems (the latter two composing the in-situ system). The
way is to optimize the infrastructure for data acquisition,
efficient processing, integration and use. The optimization
includes adequate instrumentation and better timing and
coordination in information collecting and management.

26 REMOTE SENSING
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Nonesun U NAGOPATOPHW USMEPBAHUA HA MATMEHWU, CEAUMEHTHU U
METAMOP®HWU CKANX 3A NOMBINBAHE HA BA3A OAHHW NMPU AUCTAHLWOHHHU
HABJIIOAEHNA HA 3EMATA

JeHuya bopucoeal, Xpucmo Hukonos!, baHyw baHyweg?

emumym no cibHyego-3eMHU 6b3delicmeusi, bbneapcka akademusi Ha Haykume, 1113 Cogpusi; dborisova@stil.bas.bg
2MunHo-eeonoxku yHueepcumem "Cs. Mear Puncku", 1700 Cogpus; banushev@mgu.bg

PE3IOME. HasemHuTe 13MepBaHUsi B KOMMMeKca Ha ANCTAHLMOHHUTE U3CTe[BaHus Ce MHOTO BaXHW B ChCTaBSHETO M MOMbIBAHETO Ha Gaau
[aHHW. 3a LenTa ca npoBeaeHN NabopaTopHI U MONEBM CMEKTPOMETPUYHI U3MEPBaHHUS Ha 0Bpa3Ly OT MarMeHu, CEUMEHTHI U MeTamMopdHM
ckanv ot Bbirapus. /3nonssaH e TeMaTiHO OPUEHTUPAH CMEKTPOMETBP, paboTely B AvanasoHa 400-900 nm. CnekTpOMETbPBT e KOHCTpyUpaH B
C3B-BAH. MonyueHuTe faHHy Le GbaaT BkioueHn B 6a3a AaHHM 3a JOMbIHUTENHA MHOPMALVS NPK AUCTAHLMOHHM U3CMeBaHus Ha 3eMHaTa
MOBBLPXHOCT.

IN-SITU AND EX-SITU MEASUREMENTS OF IGNEOUS, SEDIMENTARY AND METAMORPHIC ROCKS IN EARTH
OBSERVATION DATA BASE COMPLEMENT

Denitsa Borisoval, Hristo Nikolov!, Banush Banushev?

1Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Science, 1113 Sofia; dborisova@stil.bas.bg

2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; banushev@mgu.bg

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.

BbBepeHue onpegensHe Ha npskata 3aBUCUMOCT Ha OTPAXEHWETO OT
HaseMHWTe M3MepBaHMs B KOMMMEKca Ha OMCTaHLMOHHUTE 0BeKTUTE OT OCBETABAHETO UM U BUAMMATA UM CTPYKTYpA.

M3CNenBaHNs CE MHOMO BaXXHW NPW CbCTaBsiHe M MOMbIIBaHE

Ha 0asu JlaHHW. 3a Luenta ca MpOBEOEHW TMONEeBU W Ot Havanoto Ha 80-Te roauHn Ha XX BeK ca nposeneHn
NabopaTopHN CEKTPOMETPUYHM 3MePBAHHNS Ha 0Opa3Ly oT MHOXECTBO 3MEpBaHNA Ha CNEKTPArHUTE XapakTepUCcTUkK Ha
HAKOM MarMeHu, CEQMMEHTHM U MeTamopHu Cckamu OT MPUPOAHM W aHTPOMOTEHHM 0BEKTM ¢ nomolUTa Ha monesu
Borirapus.  ManonseaH € TeMaTW4HO  OPWEHTWpaH CMEKTPOMETPY, paboTely BbB BUAMMATA 1 UH(payepBeHaTa
criektpomeTsp TOMS, pabotely B AnanasoHa 400-900 nm. 0bnacTu oT enexkTPOMarHUTHIS cnekTbp. He no-manko ycunus
MnaHupaHo e NoryveHnTe AaHHM B TabnnyeH u rpadnyeH Bug Ca HanpaseHn fAa ce CuCcTematusupar 1 WHTepnpeTpar
Ja 6bJaT BKMYeHW B reobasa [JaHHW 3a AOMbMBaHE Ha MONYYEHNTE AaHHM, HAPEYEHN MbPBUYHN AaHHW (METadaHHM).
WHdOpMAaLMsiTa NPU AUCTAHLIMOHHN W3CNEABaHUS Ha 3eMHaTa CpaBHeHWeTo Ha CrieKTpanHuTe KpUBM OT CTIEKTPOMETPUYHITE
MOBBLPXHOCT. norneeu M3MepBaHWs € 3aTpygHEHO mnopaay pasnuyHuTe

MeToguku  3a  monyyaBaHeto  um  (Milton,  2001).
OnonsoTBOPsIBAHETO  Ha  A@HHUTE  OT  MHOXECTBOTO
W3CMedBaHWs  M3UCKBA KA4YeCTBEHA OLEHKA, KOATO €
HanpaBeHa crnpsiMo nocTaBeHaTa 3agava. Cnopeg Kancheva,
1999, Milton et al., 2006, TOYHOCTTa 3aBMCW OT KOPEKTHOTO
onpegensHe Ha ToBa, koeTo LWe Obae w3vepsaHo. B
reobasata gaHHn TpsibBa [Ja Ce BKMOYM M WHGopMaUus 3a
YCIOBUSITa MO BPEME Ha NONEBUS EKCTIEPUMEHT.

Matepuanu n metoau

CI'IeKTpaJ'IHVITe XapaKkTepUCTUKM OT Ha3EMHUTE M3MEPBaHUA
ce C'b6VIpaT B reobasa OaHHW 3a cnegHuTe  uenu.
kanubpupaHe M Banuaauus Ha W300paeHWst U CreKTparnHu
OaHHW Npu  OUCTaHUWOHHW  M3CneaBaHnA; nNpoBEepKa Ha
NPUNOXNMOCTTa Ha CnekTpanHute n3mepBaHua npu
CamoneTHn un caTtennTtHn MUCUKU; OCHOBHO MpOy4YBaHE Ha
B3alMOBPBb3KUTE Mexay ¢)VI3VI\-IeCKVITe CBOWCTBA n

€NEKTPOMAarHMTHOTO  OTPaXEHWe Ha U3ydYaBaHUTe obekTy; ITopBudkmTe  patkm  ca HYXHI - TIpY yn0Tpe6aTa "

WHTEpNpeTaumsTa Ha Hayynute gdanHu (Michener, 2000).
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Spectral Data for Plant Chlorophyll Assessment
R. Kancheva, D. Borisova

Solar-Terrestrial Influences Laboratory —Bulgarian Academy of Sciences (STIL-BAS)
1113 Sofia, Bulgaria, Acad.G.Bonchev str., bl.3
E-mails: rumik@abv.bg ; dbvorisova@stil.bas.bg

An increasing role in plant phytodiagnostics becomes to play different spectrometric techniques used as a part of
remote sensing applications. The radiation behavior of land covers and the spectral response to changing conditions
lies at the root of these studies. The visible and near infrared (400 - 900 nm) measurements have proved abilities in
vegetation monitoring. The reason is that this wavelength range reveals significant sensitivity to plant biophysical
properties. The information is carried by the specific vegetation spectral characteristics which depend on such plant
parameters as chlorophyll content, biomass amount, leaf area, etc. These parameters are associated with plant devel-
opment and stress factors being closely related to vegetation physiological state. In our study, multispectral data of
reflected, transmitted and emitted irradiance have been used to show the possibility for plant chlorophyll assess-
ment. Different methods such as vegetation indices, red edge analysis and fluorescence spectra have been applied
and compared.

Key words: — multispectral data, chlorophyll estimation, vegetation indices, red edge, fluorescence

INTRODUCTION

Recent developments in environmental studies are greatly connected with worldwide eco-
logical problems related to anthropogenic impacts on the biosphere and first of all on vegetation.
Advanced monitoring and alerting techniques, on-time information extraction, modeling and
forecasting methods are a preposition for successful data application and decision support in en-
vironmental studies.

The spreading acceptance of the concept of precision agriculture running [1] generated
much interest in the early detection of plant growth stress. The implementation of modern remote
sensing technologies is one of the basic assumptions of this concept, special attention being paid
to vegetation monitoring in relation to stress detection. That is why the assessment from spectral
data of crop state [2,3] and growing conditions has been and still is at the focus of numerous in-
vestigations and experimental studies [4,5].

Important here are early warning signs of plant inhibition which should be directly con-
nected to fundamental physiological processes. Such a process is the photosynthesis and the
connection has been found in vegetation fluorescence [6,7]. The optical signatures of leaves are
mostly defined by the composition of photosynthetic pigments and their stress-induced changes,
and as such they are indicative of plant short-term or long-term stress. Though being studied for
decades, light induced fluorescence has not lost its attractiveness. In recent years, the screening
of plant fluorescence signatures is developing as a specific tool which could be applied to detect
the functioning and health status of plants [8-10]. Compared to reflectance, induced fluorescence
might be a more accurate indicator of plant state and be able to detect stress impacts at earlier
growth stages.

In our study, multispectral data of reflected, transmitted and emitted by plant leaves ir-
radiance have been used to show the possibility for plant chlorophyll estimation. Different meth-
ods such as vegetation indices, red edge analysis and fluorescence emission have been applied
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Unmixing techniques for better segmentation of urban zones, roads
and open pit mines

Hristo Nikolov, Denitsa Borisova’, Doyno Petkov
Solar-Terrestrial Influences Laboratory-Bulgarian Academy of Sciences (STIL-BAS)
Acad. G. Bonchev Str., bl.3, Sofia, Bulgaria, 1113

ABSTRACT

In this paper the linear unmixing method has been applied in classification of manmade objects, namely urbanized zones,
roads etc. The idea is to exploit to larger extent the possibilities offered by multispectral imagers having mid spatial
resolution in this case TM/ETM+ instruments. In this research unmixing is used to find consistent regression
dependencies between multispectral data and those gathered in-situ and airborne-based sensors. The correct
identification of the mixed pixels is key element for 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 is larger that the object itself. We have combined ground
spectrometry of asphalt, Landsat images of Rol, and in-situ measured asphalt in order to determine the narrow roads. The
reflectance of paving stones made from granite is highest compared to another ones which is true for open and stone pits.
The potential for mapping is not limited to the mid-spatial Landsat data, but also may be used if the data has higher
spatial resolution (as fine as 0.5 m). In this research the spectral and directional reflection properties of asphalt and
concrete surfaces compared to those of paving stone made from different rocks have been measured. The in-situ
measurements, which plays key role have been obtained using the Thematically Oriented Multichannel Spectrometer
(TOMS) — designed in STIL-BAS.

Keywords: mixed pixels, in-situ multispectral data, segment lines definition

1. INTRODUCTION

In the present work statistical method for analyzing the spectral data in the segmentation of the roads, dumps open pits
and quarries was applied. This is done by using the multitemporal acquisitions offered by multispectral imaging sensors
with medium spatial resolution sensors such as TM/ETM+ onboard Landsat 5/7. In this research the unmixing method in
whose base are the stable and reliable statistical relationships between field data and multispectral digital image data
obtained from sensors on board a flying apparatus, is applied for improving the results for the segmentation process.
After proper identification of the mixed pixels on the curve delineating the homogenous areas of the studied land cover
types can be considered as more reliable. Field measurements were made on the gravel pit near the village of Smolsko
and Beli breg coal open mine. Multispectral data used are from TM/ETM+ instruments (WRS2 path182/row30 and
path183/row30) from different dates in order to establish better statistics for the objects under study. Several campaigns
for spectrometric measurements were conducted in-situ by means of field spectrometer TOMS, designed and constructed
in STIL-BAS. Also geological survey and petrologic studies were performed.

Carry out the segmentation on satellite images is a necessary step before start the process of classification
(supervised/unsupervised) of distinct land covers. In the segmentation phase, relying on pixel by pixel calculations, the
separating line between the homogenous areas should be drawn. For images with low and middle spatial resolution as
rule this line is composed by mixed pixels. In order to decrease the uncertainty if the pixel is part of the segmentation
line essential is to find out the correct proportions of pure classes (endmembers) in the single pixel. Our contribution is
mainly in the finding statistically reliable relationships between linear mixed endmembers and multispectral data from
TM/ETM+. In this study main focus was put on finding correct segmentation for an open pit coal mine and a quarry.

*dborisov(@stil.bas.bg; phone +359 2 9793352; fax +359 2 8700 178; www.stil.bas.bg

Earth Resources and Environmental Remote Sensing/GIS Applications, edited by Ulrich Michel, Daniel L. Civco,
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rOONHMK HA MUHHO-TEONOXKNA YHUBEPCUTET “CB. UBAH PUJICKI", Tom 53, Ce. |, F'eonorus v reodmamka, 2010
ANNUAL OF THE UNIVERSITY OF MINING AND GEOLOGY “ST. IVAN RILSKI", Vol. 53, Part I, Geology and Geophysics, 2010

TEXHWUKWN 3A CETMEHTUPAHE HA OTKPUTW PYOAHULIU U KAPUEPU
JHeHuya bopucoeal, Xpucmo Hukonos!, baHyw baHywee?, [JotuHo [lemkos!

emumym no cibHyego-3eMHU 6b3delicmeusi, bbnieapcka akademusi Ha Haykume, 1113 Cogpusi; dborisova@stil.bas.bg
2MunHo-eeonoxku yHusepcumem "Cs. Mear Puncku", 1700 Cogpus; banushev@mgu.bg

PE3IOME. B Tas1 pafoTa e npurioxeH MeTof 3a aHanuaupaHe Ha CTIeKTpasiHu 4aHHW MpU CErMEHTUPAHETO Ha OTKPUTU PYAHMUM M Kapuepw. WpesTa e aa ce
13M0n3BaT MHOXECTBOTO Bb3MOXHOCTH, NPeAnaraH OT MHOTOCTIEKTPanHN u3obpaxeHns cbC cpeaHa pesoniouns kato TM Ha 6opga Ha Landsat 5. Upes metogbrT,
KOWTO nmpunarame, ce TbPCAT CTabUMHM CTAaTUCTUYECKM 3aBUCUMOCTW MEXZY NONEeBUTE MHOTOCTIEKTPANHW AaHHW W AaHHUTE OT M30BpaXeHusiTa, NONyyeHu oT
CeH3opy Ha boppa Ha netswm anapat. Cnef KOPEKTHO pa3no3HaBaHe Ha CbOTBETHUTE NUKCENW NOCNeABALLOTO CerMeHTMPaHe Ha UcneaBaHaTa HaseMHa dopma
MOXe [a Ce Onpedenu kato HagexaHo. [onesuTe M3mepBaHWs Ca W3BBLPLLEHN HA Kapuepa 3a TPOLeH kambk 6nm3o fo c. Cmoncko. 3a paitoHa ca obpaboTeHu
CbOTBETHUTE M30DpaxeHns OT cmbTHUKA Landsat 5 oT pasnuynn gaTv. MpoBeaeHm ca reonoxku HabniogeHus:, neTporpadckv n3cneasaqusl, GOTOLOKyMEHTaLUus 1
in-situ CNEKTPOMETPUYHY M3MEPBaHWS.

TECHNIQUES FOR SEGMENTATION OF OPEN PIT AND STONE MINES
Denitsa Borisoval, Hristo Nikolov, Banush Banushevz, Doyno Petkov!

1Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Science, 1113 Sofia; dborisova@stil.bas.bg
2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; banushev@mgu.bg

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.

BbBeaeHue Matepuanu n metoau

B HacTosiLata pabota e npunoXeH CTaTUCTUYECKU METOA /13BbpLIEHN Ca TepeHHM uacrnegBaHna u onpobBaHe Ha
33 aHanMavpaHe Ha CMEKTPanHW AaHHW MpU CErMEHTUPAHETO kapOOHaTHM Ckanu (ONoMWUTM) OT paiioHa Ha c. Cmorncko 3a
Ha OTKPUTK PyaHWLM 1 kapuepu. 1o TO3M HaumH ce u3nonseat nepuoga 2000-2010 r. M3cnedBaH e CbCTaBa, TEKCTYPHUTE U
MHOXECTBOTO  Bb3MOXHOCTM, KOMTO Ce npegfarat  oT CTpyKTYpHUTE 0coBeHocTn Ha ponomwutute. OBpasuute ca
MHOrOCNEKTPanH1 M3006pakeHnss CbC cpegHa pesonioumus oT 13creBaHN MakpOCKONCKM u ¢ buHokynsipHa nyna Olympus. C
ceHsopu kato TM Ha Bopaa Ha Landsat 5. Ype3 meTogbT, MoMoLLTa Ha onTuyeckata Mukpockonus (Mukpockonu Amplival
KOUTO mpunarame, Ce TbpCAT CTAbUMHKM  CTATUCTUYECKM n Leitz Orthoplan-Pol) ca onpegenenn cbctaBa M
3aBMCUMOCTM MEXAY MOMEBUTE MHOTOCTEKTPamHN JaHHU W CTPYKTYpPHUTE OCOBEHOCTM Ha CkanuTe. XMMUYHUTE aHamman
UNPOBUTE JaHHN OT M30BPaKEHUSATA, MOMYYEHN OT CEH30pU Ca M3BbLPWEHM C ATOMHO-EMUCMOHEH CMEKTPOMETBP C
Ha 6opaa Ha netswm anapatu. Crieq KOPEKTHO pasno3HaBaHe M3TOYHWK Ha Bb3bYXaaHe MHAYKTUBHO CBbp3aHa nnaama (AES
Ha CbOTBETHWUTE MWKCENM MOCNEABaLIOTO CErMeHTUpaHe Ha ICP) (anapat SPECTRO Analytical instruments, Germany) B
u3yyaBaHaTa HasemHa popMa MOXe [a ce onpefenu Karto MrY “Cs. /iBaH Puncku”,
HapexaHo. MonesuTe N3MepBaHNS Ca M3BbPLUEHM Ha kapuepa
3a TpoweH kambk 6mm3o go c. Cmoncko. 3a paioHa ca lMoneBuTe CNEKTPOMETPUYHM U3MEPBAHWS HA LONOMUTUTE
00paboTeHn CbOTBETHUTE U300OpaKeHNs OT CTbTHMKa Landsat OT KapuepaTta ca ocbluectBeHn mexgy 2008 m 2010 r. 3a
5 oT pasnuynmn gatu. MpoBegenu ca in-Situ CEKTPOMETPUYHN perep npu pasno3HaBaHETO Ha W3yyaBaHaTa kapuepa Ha
M3MepBaHus, 3a KOETO € M3MOM3BaH MOSIEBU CMEKTPOMETHP CTbTHUKOBU M300paXEHNS MOXE [a Ce M3MOM3Ba HarmumeTo
TOMS, paspaboteH 1 koHcTpympad B MC3B-BAH (Petkov, Ha BOMa, MOpagu KOeTo Ca MPOBELEHW M CNEKTPOMETPUYHM
2005). MpoBegeHu ca reonoxk1 HabmogeHns, neTporpadcku n3MepBaHus Ha BogHata nnow, npe3 2010 r. OcHOBHOTO
n3crneaBaHus M OTOAOKYMEHTALWMS Ha kKapueparTa. M3MEpUTENHO YCTPONCTBO Ha NoneBsus cnektpomeTbp TOMS e

USB2000 (cour. 1). [penpaputenHata obpaboTka 3a
BbBEX[AHE Ha KOPEKUWM Ha MONyYeHnTE [aHHW e NPoBeAeHa
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Odekomno3nuus CNeKTparibHbIX cMeceu noysa — PacTuUTesribHOCTb

P. KeinueBa, /I. bopucosa, I'. I'eoprues

Hucmumym kocmuueckux u conHeuHo-3emMHuuix ucciedosanuit BAH
1113 Cogpus, Axao. I bonues 611.3
E-mails: rumik@abv.bg, :dborisova@stil.bas.bg, ggeorgie@stil.bas.bg

OnHO M3 BaXKHEHIINX MPUMEHEHUN AUCTAHLMOHHBIX MCCIEAO0BAaHUN 36MHOM MOBEPXHOCTH, UMEIOLUX CYIIECTBEH-
HOE MIPAKTUYECKOE 3HAUE€HHE — MOHUTOPHHT PACTUTENLHOCTHU. Pa3muuHbIe BOIIPOCH OLIEHKU CENIbCKOXO03HCTBEHHBIX
MOCEBOB METOAAMH JUCTAaHIIMOHHOTO 30HANPOBAHMS CBSI3aHbI C HAOIIOAECHUEM BETETAIIMOHHOTIO PAa3BUTHS KYIBTYD,
00Hapy’>KEHHEM CTPECCOBBIX COCTOSIHUI, IIPOrHO3UPOBaHUEM ypoxas. OCHOBHOM 3a/1adeii TUCTaHIIMOHHOTO MOHUTO-
pHUHTra, 0COOEHHO B OTHOIICHUH YCIOBUI U XOZa POCTa CEIbCKOXO3SMCTBEHHBIX KYNBTYp, ABISETCS OIEHKA COCTOS-
HUSI TOCEBOB B PA3JIMYHBIX MEPUOAAX UX pa3BUTHs. Llenecoo0pa3HOCTh MPOBOANMBIX UCCIICAOBAHUI 3aBUCUT OT HX
TOYHOCTH ¥ HaIe)KHOCTH. [IOBBIIEHNIO TOCIIEHUX CIIOCOOCTBYIOT Ha3eMHBIE DKCIIEPHUMEHTBI, PeIHa3HauCHHBIE IS
CO3IaHUsI ¥ BAJIMJIAIIMU MTPUMEHSIEMbIX alrOpUTMOB. B pabore paccmaTpuBaloTCs Ba METOa ONPENEIICHNSI TAKOTO
Ba)KHOTO arponapameTpa, KakhM ABJISETCS NPOEKTUBHOE MOKPBITHE PACTUTENBHOCTH. OIMH U3 METOJ0B OCHOBAaH Ha
HCTIONb30BaHUH CIIEKTPAIbHBIX MPeoOpa30BaHuil (BEreTallMOHHBIX HHJIECKCOB), @ BTOPOH 3aK/II0YACTCS B IPOBEICHUN
KOJIOPUMETPHUIECKOTO aHAIIN3a N3MEPSIEMBIX CIIEKTPAIBHBIX OTPaKaTeIbHBIX XapakTepucTuk. OOpamieHo BHIMaHHE
Ha crieliu(UKy CIEeKTPaJIbHBIX XapaKTEPUCTUK CUCTEMBbI M0YBA-PACTUTEIBHOCTh KaK AWHAMUYECKOTO 00beKTa U KaK
CIEKTPaJIbHOW CMECH JIBYX KJIaccoB 00beKTOB. Llenb paboThl — MPOMILTIOCTPUPOBATH U CPABHUTH 00a MOAXOAA JUIs
OIpeIeJIeHHs] IPOEKTUBHOIO MOKPBITUSI PACTUTEILHOCTHU 110 MHOTOCIEKTPaIbHBIM JAHHBIM.

KnaroueBble ciioBa: CIIEKTPAJIbHBIC OTPAKATEIIBHBIC XapaKTEPUCTUKHU, CUCTEMA ITOYBA-PACTUTEIIBHOCTD, IIPOCKTUBHOE
IOKPBITHUE, BETCTAITUOHHBIC HHICKCHI, KOIIOpI/IMCTpI/I‘-ICCKI/Iﬁ aHaJins3.

BBenenue

CBoeBpeMEHHas OLIEHKA COCTOSHUSI 3€MJIEJIENBYECKUX YIOJUMH U IOCEBOB IPEACTaBISAET
0COOBIN MPaKTUYECKUI UHTEpeC, TaK KaK MMEeT BaXXHOE 3HAYECHME JUIsl YIIPABICHUS arpapHbIX
CUCTEM, MPOTHO3UPOBAHUS UX PA3BUTHS U ypokas. AdpokocMHuecKas MHQOpMalUs JaeT BO3-
MOXHOCTb JMCTAHLIMOHHOTO MOHUTOPHHIA, MPOBOAMMOIO Il OLIEHKU COCTOSHUSI PacTHTENb-
Horo nokposa. Ee 1ocroBepHasi nHTepHpeTalys B 3HAUYUTEIbHON CTENEHN 3aBUCUT OT HAJIMYUS
CHEKTPaIbHO-0MO(pU3NYECKUX MOJIeNeH, CBS3BIBAIOIINX MHOTOCIIEKTPAJIbHBIE JaHHbBIE C PA3/INy-
HBIMU XapaKTepUCTUKAMH M arpoIoKa3aTeiMU pacTUTEIbHOCTH. I 3TOro IHUPOKO UCIIONb3YeT-
Csl CIIEKTPAJIbHOE OTPAKEHHE TTOYBEHHO-PACTUTEIBHOTO ITOKPOBA B BUMMOM U OJMKHEM HH(pa-
KpacHOM auarna3zoHax. OCHOBHBIM IOAXOJIOM SIBJIAETCS pa3paboTKa M MPUMEHEHHE Pa3Hoo0pas-
HBIX BEreTal[MOHHBIX HHJIEKCOB, MPE/ICTABIISIONUINX COOO0 IITaBHBIM 00Pa30M Pa3InYHOM CI0KHO-
CTH OTHOILIEHUS KO3(PPUIIMEHTOB OTpaXeHUs AJIs ABYyX Wi Oosee ayuH BoiH [1, 2, 5. Ha ocHo-
BE OKCIIEPUMEHTAJIbHBIX JAHHBIX CO3/Ial0TCS CTAaTUCTUYECKHUE MOZIEN, KOTOPBIE CITy>KaT JJIs OIpe-
JIEJIEHUs psiia pacTUTENbHBIX Onomnoka3ateneit [1, 3-6]. Konopumerpuueckuii aHaau3 peaKko npu-
MEHSIETCS 110 OTHOILEHHIO K PACTUTEIBbHOCTH, HO IIPE/ICTABIIAET ONPEe/IeICHHbIE BO3MOKHOCTH, Ha
YTO YKa3bIBAIOT pPE3ybTaThl HAIIMX UccienoBanuil [7-10].

Llens naHHOM pabOTHI — MPOBECTU CPABHEHUE 3TUX JBYX METOJOB JUIsl ONpEeNICHUs MPOeK-
TUBHOTIO MOKPBITHSI PACTUTEIBHOCTH, KOTOPOE BBIOPaHO B KauecTBe 00OOIEHHOTO apameTpa, OT-
PaXKarolIero CTPYKTYPHBIE pa3inyuus U U3MEHEHUs IOCEBOB, U, CIIEA0BATEIbHO, Haubosee 00ImM
00pa3oM XapaKTepHU3YIOIIEro X cocrossHue. B pabore mokazaHbl 0COOCHHOCTH MPUMEHEHUs! Bere-
TalMOHHBIX MH/IEKCOB U 1IBETOBBIX XapaKTEPUCTUK OOBEKTOB, MHTEPIIPETALIUSI KOTOPBIX MPOBOAU-
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DKOJIOrMYEeCKHE BOIPOCHI, CBSI3aHHBIE C BIMSHUEM YEJIOBEYECKOH JEATENIbHOCTH Ha MPUPOIHYIO Cpely H, Ipe-
JKJIe BCETO, Ha Orocdepy, UMEIOT I00aIbHOE PacpOCTPAHCHHE U HCKITFOYUTEIBHYO BaXXHOCTE. OHU MPUBIICKAIOT
BHUMaHHUE TOCYIapCTBCHHBIX YUPESKICHUH M YYCHBIX Pa3IHMYHBIX oOyacTeil M TpeOyIoT pa3BUTHSA d()()EKTUBHBIX
CPEICTB OIICHKHM BIUSHUS aHTPOIIOTEHHBIX (DaKTOPOB HA OKPY’KAIOIIYIO CPEIy, B TIEPBYIO OYepenb Ha PaCTUTENb-
HOCTB. 3arpsA3HECHHE MTOYB, BOJIBI M BO3AYyXa TSKEIBIMU METAJUIAMH SBIISCTCS OJHOW M3 HanboJee Cepbe3HBIX MPo-
0J1eM, KacaroIIMX MPUPOIHBIX PACTUTEIBHBIX PECYPCOB U 3eMIICACIBICCKUX KyAbTyp. Cpeau MeTo10B (PUTOAHATHO-
CTHKH BO3PACTAIOIIYIO POJIb UTPAET aHAJIN3 PaIUAllMOHHBIX XapaKTePUCTUK PACTUTEIBHBIX IOKPOBOB. M3mMepenus
B BHIUMOM U OMmKHEM HH(pPAKpPaCHOM CIIEKTPAIBHBIX JHAla30HaX 007alaloT JOKAa3aHHBIMH BO3MOXXHOCTSIMU
MOHHUTOPHHTA PACTHTEIHHOCTHU U OI[CHKHU €€ COCTOSHUS. Takue moKas3areu Kak OnoMacca, TUCTOBOHM WHICKC, ITUT-
MEHTHOE CONIepKaHUe U Tp. SABIAIOTCSA WHANKATOPAMHU HE TOIBKO PAa3BUTHS M COCTOSTHHUS PACTCHHN, HO M YCIOBHU
WX TpopacTaHus. B maHHO# paboTe paccMaTpuBaeTCs MCIONb30BaHNE MHOTOCIICKTPATBHBIX TaHHBIX JJI PAHHETO
0oOHapyXeHUs (PU3HOIOTHIECKOro cTpecca ropoxa (Pisum sativum), BRI3BAHHOTO BIMSHUEM KaJaMHs. [0OpoX BBI-
panuBacs B THAPONOHHBIX YCIOBHAX TIPH 3arpsA3HeHuu cpesibl pactBopoM CACL, B pasiu4HbIX KOHIEHTPAIHUSX.
BnusiHue TspKenmoro mMeraia M CTeNneHH (PU3MOJIOrHYEcKOro cTpecca OLEHUBAIMCH M0 U3MEHEHUSIM ITUTMETHOTO
coJiepXkKaHMsl. paCTEHUI.

KirodeBble cj10Ba: MHOTOCIEKTPAIbHBIC JAHHBIE, PACTHUTEIBLHOCTD, JUATHOCTHKA, TSDKEIIBIC METAIIbI, (PM3HOI0TH-
YEeCKHH CTpecc, XJI0pO(UIII, KAPOTHHONUIBI.

BBenenue

DkoJsioruueckue npoOiemMsl, CBA3aHHbBIE C aHTPOIIOTEHHBIM 3arpsI3HEHUEM OKpY KaroIen
Cpeabl, 1aBHO CTOSIT B LICHTPE BHUMaHUs COBpeMEeHHOro mupa. [locnencrBus BesAkoro poaa
3arpsi3HeHU B HamboJjiee Cepbe3HON CTENEHM CKa3bIBAIOTCS HA PACTUTEIbHOM MOKPOBE, U3-
3a 4YEer0 PacTUTEIbHOCTb SIBIAETCA OOBEKTOM MHOIOCTOPOHHHUX, Pa3JMWUHBIX IO XapaKTepy
1 MacmITabHOCTH UCCie0BaHn. bonbiias yacTh uccienoBaHuii kKacaeTcst GPU3UOIOTUH U pa3-
BUTHS PACTEHUMN, UX aJalTallluM, PENPOAYKTUBHONW CIOCOOHOCTH, NT€HETUUYECKUX U3MEHEHUIN
U np. OKo(U3MOIOTHYECKHUE HANPABICHUS UCCIEIOBAaHUM NMPENCTaBISAI0T CO00H CyleCTBEH-
HBI HHTEpeC s CeNbCKOro X034icTBa, 0COOCHHO BBUJy HENPEPBIBHO PacTyIlero Hedaro-
IPUATHOTO BIMSAHHUS 4E€JIOBEUYECKOM AEeATEIBHOCTH Ha OKpyXKawInyo cpeny. Hapsany ¢ tpanu-
LUOHHBIMU METOJAaMHM, BCE LIMPE MPUMEHSIOTCS TEXHOJIOTUN NUCTAHLIMOHHOTO MOHUTOPHHIA
pPacTUTEIBHOIO TTOKPOBA.

@UTOANArHOCTHKA 3aHMMAET INIABHOE MECTO CPEAM Pa3JIMUHbIX NPUMEHEHUN pacTH-
TEJIBLHOTO MOHUTOPHHra. MHOTOCHEKTpajbHbIE JaHHBIC HCHOJB3YIOTCS Jja OOHapyKeHUus
CTPECCOBBIX COCTOSIHUN IMyTE€M OLIEHKHU psjia PACTUTENIbHBIX OMOMapaMeTpOoB, SBIISIIOLIUXCS
WHJIUKaTOpaMH OTPUIATEIbHOTO BO3AEHCTBUS cTpeccoBbIX (hakTopos [1-5, 10]. [IlurmentHoE
coJiep>KaHue, MPEXkJIe BCEro XJ0poduiuia 1 KapoTUHOHUI0B, HanboJsiee 4yBCTBUTENIBHO K yCIIO-
BUSAM CpPeJbl U NpecTaBiiseT cOO0M BaKHEUIINM MOKa3aTesneM (QU3HOIOTHYECKOT0 COCTOSIHUS
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Sub-pixel method for analysis of optical data in determining the
overburden dumps and open pit mines

D. Borisova**, H. Nikolov®, D. Petkov®, B. Banushev®
*SSTRI-BAS Acad.G.Bonchev str., bl.3, 1113 Sofia, Bulgaria
bUniversity of Mining and Geology, Sofia, Bulgaria

ABSTRACT

Mining plants are one of the factors having major negative impact on the area where they are situated. In our study this is
the case of the mine production plant consisting of Elacite mine and Mirkovo floatation plant both located in central part
of Stara Planina Mountain. In this study an attempt is made to delineate the overburden dumps and open pit mines by
means of remotely sensed multispectral data with moderate spatial resolution (e.g. Landsat TM/ETM+ 30m) is a
challenging task. The major difficulties arise from: 1) large period using the dump (introducing the need for
multitemporal data); 2) the unknown proportions of vegetation, soil and embedding rock samples in the boundary areas
and their seasonal variations; 3) relatively restricted access to places of interest. A variety of methods have been
proposed to overcome the problems with pixels corresponding to two or more end-members, but a promising one is the
soft classification which assign single pixel to several land cover classes in proportion to the area of the pixel that each
class covers. In this scenario for every pixel of the data the correct proportion of the end-members should be found and
then co-registered with the corresponding original pixel. As a result this sub-pixel classification procedure generates a
number of fraction images equal to the number of land cover classes (end-members). The sub-pixel mapping algorithms
we have exploited so far have one property in common: accuracy assessment of sub-pixel mapping algorithms is not easy
because of missing high resolution ground truth data. One possible solution is to incorporate in the method adopted
additional ex-situ and in-situ measured data from field and laboratory spectrometers with bandwidth about 1 nm. This
study presents a successful implementation of soft classification method with additional, precise spectrometric data for
determination of dump areas of the copper plant and open ore mine. The results achieved are proving that the in-situ
gathered data provide coincidence of 93.5%. The main advantage of the presented technique is that mixed pixels are used
during the training phase. Compared to these other techniques, the present one is simple, cheap and objective oriented.
The results of this sub-pixel mapping implementation indicate that the technique can be useful to increase the resolution
while keeping the classification accuracy high.

Keywords: optical data, sub-pixel method, environmental monitoring

1. INTRODUCTION

The improved spectral resolution (over 32 spectral channels) of the recently developed remote sensing instruments, e.g.
plane based AVIRIS, provoked the interest to the sub-pixel data interpretation. As a matter of fact most of the real world
problems need high spectral and spatial resolution since in one pixel of the image data more than one object is located.
Usually the transaction between these should be found which is not always possible. In conventional image processing
methods the human interpreter should rely on targets’ spectral and/or spatial properties such as spectral contrast,
variability, similarity and discriminability to be able to detect targets effectively at sub-pixel level.

One general approach proposed in'” is based on spectral mixture analysis’. During this study the above formulated
problem for sub-pixel spectral discrimination was investigated and two different approaches are discussed in the next
paragraphs. One is a spectral class abundance-constrained approach. It is a constrained least squares spectral mixture
analysis method, which implements a non-negativity constraint on the abundance fractions of targets of interest.

* dborisova@stil.bas.bg

Earth Resources and Environmental Remote Sensing/GIS Applications I,
edited by Ulrich Michel, Daniel L. Civco, Proc. of SPIE Vol. 8181, 81811C - © 2011 SPIE
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SUMMARY

Within this research we explore time and seasonal behavior of multispectral satellite data with middle to
high spatial resolution in order to estimate the content of metal particles in the water basins formed by
non-operating copper mine and dumps. The aim is to test if regression model could be created between
metal polluted water and the spectral response of the basins. As basis the spectral response of the
embedded rocks of the copper mine and sands on the beaches of the dump site have been investigated.
Similar to the well known vegetation indices such as NDVI several spectral indices are suggested,
analyzed and the results are reported. The obtained results showed that the analyzed data and the
implemented approach are proved to be useful in environmental monitoring process for the mining
company responsible for the ecological state of the region. Also the successful implementation of method
could be considered as basis for establishment of airborne monitoring of the ecological state of these areas.

6™ Congress of Balkan Geophysical Society - Budapest, Hungary
3-6 October 2011
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CROP GROWTH AND YIELD AS AFFECTED BY SOIL CONDITIONS
R. Kancheva, D. Borisova, G. Georgiev
Space and Solar-Terrestrial Research Institute, Bulgarian Academy of Sciences

E-mail: rumik(@abv.bg; dborisova(@stil.bas.bg: ggeorgiewstil.bas.bg

Abstract

More and more attention is being paid recently to man-induced environmental changes and anthro-
%gﬁnic risk impacts on natural resources. To the biggest extent this concerns soil and vegetation resources.

ote sensing is an efficient tool for obtaining various information about land covers. It has, for instance,

ecouraging capabilities in agriculture for crop state and productivity assessment, Detecting vegetation stress
y remote sensing techniques could also be a tool for recognizing soil degradation caused by different
factors. Three issues are considered in the paper: inherent soil properties and soil contamination on crop
srowth and yield, crop stress detection from multispectral data, and multitemporal behaviour of crop spectral
atures as an indicator of plant development with respect to the specific soil conditions. Results are
resented from the analysis of experimental data gathered over spring barley plots grown on two soil types
yith different properties (pH, organic content), different fertilization treatment (fertilizer type and N-
amount), and heavy metal (Ni) pollution in different concentrations, The effect of these factors on plant
development (separately and in combinations) has been examined and quantified by empirical relationships.
Agronomic parameters retrieval and yield assessment from spectral models have been performed, and crop
iiite has been associated with the anthropogenic impact on the soil conditions. The green-house experiments
were realized in the Institute of Soil Science “N. Poushkarov™.
Keywords: remote sensing, reflectance. multispectral data, vegetation indices, crop stress, soil conta-
mination, heavy metals, fertilization, nutrient deficiency

Introduction

The spreading acceptance of the concept of precision agriculture running (Liaghat S. and S,
undram, 2010; Rasher M., 2000) generates much interest in the early detection of plant growth stress.
implementation of modern remote sensing technologies is one of the basic assumptions of this concept.
ote sensing has been recognized as a powerful tool in vegetation studies for natural resources mana-
ent, land cover monitoring, ecosystem preservation and other significant problems. Special attention is
g paid to vegetation monitoring in relation to change detection (Kokaly R., et al., 2007). Agricultural
rvations supply information on crop growth processes and stress situations (Kancheva R., et al., 2005;
cheva R., 1999; Mehandjlev A., et al., 2000; Glenn E., et al.. 2008; Penuelas J., et al., 1994). The
sment of crop growth conditions from spectral data has been and still is the focus of numerous mve-
tions and experimental studies (Kancheva R., et al., 2005; Mehandjlev A., et al., 2000 Kokaly R., et al.,
). Their goal is to further develop and precise the up-to-now investigation results and bring them to an
ational use. This requires advanced data processing technologies, development of models for assessment
il mpacts on agriculture and implementation of monitoring systems that consider variousl faetors influ-
mcing crop growth, Efficientl methodologies to monitor crop vigor, diseases, and stresses are needed as well
simproved analytical techniques to evaluate biological and physical processes.

Interest is rapidly spreading over the past years in the application of hyperspectral data for retrieving
it agronomic variables and vield predicting. Two issues are of essential importance for the application of
morne and satellite data: development of efficient algorithms for data analysis and explicit information
bout land covers spectral behavior under different conditions, both associated with a higher reliability of the
ed information. In this context detailed ground-based spectrometric studies (Kancheva R., 1999; Glenn
£ el al., 2008) complement the array of geo-spatial data products providing information on crop spectral
haviour under different environmental conditions and considering regional and local peculiaritics. Being
e most vital and anthropogenic-affected component of the biosphere, the vegetation has a leading position
mong the priorities of remote sensing observations applied for assessment of plant development and stress
ietection.

The goal of the paper is to examine the impact of soil properties and anthropogenic factors on crop
velopment and spectral behaviour and to quantitatively describe the relationships between growing
nditions, crop spectral reflectance and plant variables. Such relationships serve for crop state evaluation
i stress assessment.

Matrials and methods
Reflectance, biometrical and phenological data were gathered from spring barley treatments through-
il the entire growing season. The treatments comprised neutral (pH=7.0-7.5) chernozem soil and acid



47. (1.99.)

160 100 I'OJHHH ITOYBEHA HAVKA B EbJITAPHA

JIMCTAHLIMOHHU METO/IH 3A U3CJEABAHE HA ITOYBEHOTO 3ACOJISIBAHE
P. Knnuesa, /I. bopucosa

Hucmumym 3a Kocmuiecku u civhuego-3emmuu uzcreosanus — bAH

E-mail: rumik@abv.bg

REMOTE SENSING FOR SOIL SALINITY INVESTIGATION
R. Kancheva, D. Borisova

Space and Solar-Terrestrial Research Institute — BAS

Abstract

Soil cover is with no doubt among the priorities of remote sensing investigations. The reason is (i
need for fine-scale detailization and updating of soil maps as well as the state assessment of agricultuil
lands. The detection and monitoring of degaradation processes is of significant importance for soil and ¢
management planning. Salinization is one of these processes depending on climatic and anthropoge
factors. Soil salinization is becoming an increasing problem, especially in arid and semi-arid regions a
wherever irrigation is practiced. It is considered as a serious ,soil threat” to agriculture. Salinity i
ecological factor of considerable importance which imposes the necessity of detection, monitoring 4
mapping salt-affected soils and also the evaluation of the degree of salinization. Recognition and cl
fication of soil salinity is the first step to combat against salinization. Recent advances in the application
remote sensing technology in monitoring degraded lands, especially salt-affected soils, have shown so
success. The objective of this work is to show the implementation of multispectral data acquired in
visible and near infrared bands for the identification of saline soils and to evaluate the utility of saline soll
spectra for characterizing soil salinization. Different techniques have been applied for processing specti
data from field-derived and airborne measurements of different classes of saline soils.

Keywords: remote sensing, multispectral data, soil salinity

YBoa

[Tpenn3no ¥ yCTOMHYHBO 3eMe/ie/Ine ca IIOHATHA, KOUTO OT KOHUEMIHA JOCKOpO, Ccera ca Ha MbT Ja%
npessprat B texHonorus [1, 2]. Yecto ru xapaxTepuiupar KaTto eBONIOUHOHHA CThIKA B CENCKOTO CIk
nancteo. Te BKIIOYBAT CTPATCrMYECKM BBIPOCH, KACACLIM BHIA HA OTTIICKAAHUTE KyJITYPH, MOUYBCHIK
CBOICTBA, HATOPSBAHETO, NPOCIEIABAHE HA BEIETALMOHHOTO PA3BUTHE, IPOrHO3MpaHe Ha noOuswTe. Ok
1eobX0AMMOCTTa OT HapacTBaHe HAa MPOU3BOACTBOTO 00aye, TYK CTOH M BBIPOCHT 3a ONA3BAHE HA NPHPOE
nute pepycu. EHa oT 0CHOBHTE, BBPXY KOATO Ce IPajiH KOHUENLHATA 3 TPEUU3HO U YCTOHYHBO 3eMCeHy
ca HOBHTE MH(POPMALIHOHHH BBL3MOKHOCTH, [PEAOCTABIHI OT JUCTAHIMOHHNTE CPE/ICTBA 33 HAOIIOCHHE.

[TouBeHaTa MOKPMBKA € OCOOCHO BaXKeH KOMIOHEHT H Pecypc Ha upupojsara cpena. Ts oTpasiy
B3AHMOBPB3KNTE MEIK/IY OCTAHAIMTE KOMIOHEHTH (CKa/li, BOJH, KIMMAT, PACTHTENHOCT, JACHHOCT Ha 0Bk
Ka) M IPEe/CTABIIABA MHAMKATOP 38 €KOIOMHYHOTO CheTodHne Ha nanawadra. Ipeunsnoro semenenue mie
KBa TO-TOYHO XAPAKTEPU3NPAHE HA MOYBATA W NPOMEHIMBHTE i CBOHCTBA, KATO OLCHKATA HA CHCTOAHHCI,
Ha MOYBATA ¢ OT 3HAYCHHE 3a ClleeHe Ha MoUBeHata JETpajalus U MEpKMTE 3a HeliHoTo o3apasssae. b
TO3M CMHUCHJ [1OMBEHATA MOKPHBKA HECHMHEHO 32€MA CIHO OT I'bPBOCTENEHHUTE MECTA MPH JAMCTAHIMOHHAT
nscnensanus [3-7]. Cpen npuumpMTe 3a TOBa ca HEOOXOAMMOCTTA KAKTO OT [eTainn3ains 1 OOHOBSBAHE il
MOYBCHUTE KAPTH, TAKA H OT OLEHKA Ha ChCTOAHUETO Ha oOpadoTBaeMuTE 3eMH. OT MIKITIOUUTENHO BAKHOR
¢ OTKPMBAHETO M CJEJEHETO Ha MPOLECH. BOACIM /10 Jerpajalus na nousennre pecypeu. Eaun or mixe
3ACOABANETO, KOSTO 3ABUCH OT PEANLIA IIPHPOJHN H AHTPONOreHHH GAaKTOPH — BHCOKH TeMMEpaTypH, ol
JPEHAK, MORMITEHA MHHEPATH3ALNA HA TI0NOYBEHUTE BOIN, YCHICHO HAanosBaHe u Haropsisane. TTousenor
3ACO/LIBANE € €/HH OT OCHOBHHTE NPOOJIEMH, CBLP3aHH C “H3I0CBAHETO” Ha MNOYBEHUTE PECYPCH U CC CHHT
3a cCPHOINA 3AMIAXA 33 3CMEACNETO, OTPA3ABAIKH Ce CIIHO BLPXY II0OJ0POAMETO Ha nousnTe. 3aToBa i
MPAKTHHECKA TVIE/IHA TOYKA € BAKHO /la C¢ YCTAHOBM KAKTO HAIMUHCTO M Pa3IpPOCTPAHEHHETO MY, TaKd
HHTEH3HBHOCTTA Ha TIpoUEca, T.¢. j@ Cc HampaBy KOJWHECTBCHA OLEHKA Ha CTCHEHTA M CKOPOCTTA i
3dCONIABAHC.

Muoskecrso paboTH ¢a MOCBETeHH HA H3MOM3BAHETO HA PA3AMYHU JIAHHH OT QHCTAHUMOHHUTE H3CIE
BaTMsl 33 XapakTepUCTHKA Ha 3acoicHn 3emu [8-17], kato orbenssBannTe TPYIHOCTH CE CHCTOAT B CI0K
HOCTTA, B3AMMOCRBP3ANNTE (DAKTOPHM M JAMHAMHUYHOCTTA HA TO3M MPOLEC, 3aBUCCHL OT KIHMaTHHHUTE Y-
BHS, CRONCTBATA LA MOYBHTE M arpapuara ACHHOCT. SIPBK IPUMEp 3a CCPHO3HHSA EKONOIHueH npodie,
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REMOTE SENSING TECHNIQUE IN SOIL MONITORING IN RISK AREAS
D. Borisova, R. Kancheva, H. Nikolov
Space and Solar-Terrestrial Research Institute, Bulgarian Academy of Sciences
E-mail: dborisova(@stil.bas.bg

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 colori-
metrical 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 confir-
mation of the potential of remote sensing technique LSMA (linear spectral mixtures analysis) for soil moni-
torring in risk areas.

Keywords: remote sensing, environment, reflectance additive theory, multisensor remotely sensed
data, rock-soil spectral modeling, change detection, decision support

Introduction

The geological exploration of the copper-bearing rocks in the Sredna gora region, located in the
middle of Bulgaria, started in the late 50-ies of 20-th century. As a result the mining plant “Medet™ was built
who started its production 1964. The main activity of this plant is extraction and recovery of copper together
with all relevant engineering and commercial actions. The experience for exploration and mine plant
construction gained on this site was implemented on other mine plants across Bulgaria during 60 and 70-ies
of same century. In 1994 the open pit mine “Medet™ was closed, but the newly developed “Asarel” mine
started its operation. In both cases the ore deposits are developed by open pit mining and together with them
the dumps are one of the largest risk areas in the environment in this region. That is the reason to start moni-
toring and rehabilitation activities for the region as a whole eco system. Compared all the data taken 20 years
ago the spatial precision of the data improved more then twice which result in better decision support. This is
the motivation of the team — to develop better understanding of the reclamation process and its monitoring,

Risk areas monitoring by remote sensing is closely connected to vegetation, soil and rock amount
estimation. The actual usefulness of the applied methods depends on their accuracy and reliability. A basic
problem in data processing and interpretation is spectral mixture decomposition and land cover
classification. The objective of this paper is to study the granite, corresponding soils and their mixture in
relation to color features. Laboratory and in-situ measurements of the spectral reflectance the granite and soil
samples were performed in the visible and near infrared ranges of the electromagnetic spectrum by means of
precise multi-channel spectrometers with channel width less than 1 nm. Experimental data was used to
model reflectance and color characteristics of mixtures of the granite samples and their respective soils.

In this research data from air-borne instruments Landsat TM/ETM+ combined with in-situ and ex-situ
measured data was used. Four main types of land cover were considered during this study namely - bare
rocks, bare top soils, grass and bushes, trees. The other natural phenomena subject to the negative influence
of the mining activities, the water, was not studied since the hydrographic network has smaller spatial
dimensions than the resolution of the instrumentation used to gather data and this why field measurements
were not carried out. The exploitation of mineral resources i1s always associated with change of the land
cover. Thorough monitoring of degraded areas is an essential task for effective management of surface mine
recovery.

Materials and methods
Ground-based in-situ and laboratory reflectance measurements of the granites and relevant soils
(brown and red) were performed in the (400-800 nm) ranege of the electromagnetic spectrum using precise
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ANCTAHUWOHHU METOAU 3A MOHUTOPWUHI HA OTKPUTWU PYOHULIA

JHeHuya bopucoeal, Xpucmo Hukonos!, baHyw baHywes?, [JotuHo [lemkos!

1YKCW-BAH, 1113 Cogpus;, dborisova@stil.bas.bg
2MunHo-eeonoxku yHueepcumem "Cs. Mear Puncku", 1700 Cogpus; banushev@mgu.bg

PE3IOME. MuHHaTa peitHocT B EBpoma ce pasnpocTvpa OT ronemu nrowy C OrpOMHM OTKPUTM PyAHWLM JO CbBCEM Manku kapupepu. B
HacTosaTa paboTa ca aHanuavpaHu CNekTpanHy AaHHW OT anapatyparta Ha bopaa Ha crbTHUka Landsat TM ¢ Lien onpegensHe Ha nnowiTa Ha
OTKPUTW PYZHWLM M MPENOPBKMA 3a NNaH1paHe U OCLYECTBABAHE Ha PeKynTUBaLMOHHM paboTu. MMpegumcTBOTO Ha TO3M BUA AaHHM €, Ye ca B
LwmdhpoB BuE, NecHm ca 3a 0bpaboTka  aHann3 B pasnniH1 MHOpPMALMOHHN hopmaTyh. 3a BepudmKkaLms Ha peynTaTuTe ca NpoBeAeHN Ha3eMHM
CNEKTPOMETPUYHN U3MEPBaHNS Ha 06pa3Liy OT u3cneaBaHuTe paroHn. /1anonasaHu ca ABy- 1 TPU-KOMMOHEHTHW NIMHENHN MOZENN 3a OLieHKa Ha
MUHEPArHOTO CbbpKaHWe B OTKPUTUTE MMHW KaTO Ca M3NOM3BaHW CaTenuTHW AaHHW 3a Cblms paitoH. KonekTvB®T nnaHupa 4a Mpumoxu
PETPECMOHEH W KITbCTbPEH aHanu3 3a pasrpaHiyaBaHe Ha knacoBeTe 3eMHO mokputue. Cblo Taka B MOAENUTe Lie Ce BKIoYaT noBeye
MUHeparnu, CKanu 1 No4By.

REMOTE SENSING TECHNIQUES IN MONITORING OF OPEN PIT MINES
Denitsa Borisoval, Hristo Nikolov, Banush Banushev2, Doyno Petkov!

1Space and Solar-Terrestrial Research Institute, Bulgarian Academy of Science, 1113 Sofia; dborisova@stil.bas.bg
2University of Mining and Geology “St. Ivan Rilski”, 1700 Sofia; banushev@mgu.bg

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 cost-
effective 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.

BbBepeHue Cuctemu 3a gucTaHumoHHM nacneasanus (Petkov et al., 2005).
B Hactoswara pabota ca M3MOn3BaHW CTaTUCTUYECKM MpoBeaeHn ca reonoxku HabriofeHus v meTporpadcky
METOOM 3a aHanvsupaHe Ha CMeKTpanHu JaHHW  npu n3crneasanna Ha panona.

MOHWTOPUHIa Ha OTKPWTW PYOHUUM KaTO W3crieABaHusTa ca
W3BBLPLLEHM B palioHa Ha Haxoauwe Enauute v npunexalyoTo Marepuanu n metoau

XBOCTOXpaHunuwe beHkoBckM. M3non3BaHu ca MHOXECTBOTO B npoueca Ha u3roTsHe Ha Ta3n paboTa 3a nony4yaBsaHe,
Bb3MOXHOCTH, ~ KOMTO  MpegnaraT  MHOrOCMEKTparHuTe obpaboTka 1 BuM3yanuanpaHe Ha fAaHHuTe, Oewwe wn3bpaH
n300paxeHns CbC CpedHa PesoniouMs OT CEH30pU KaTo nporpaMHusAT MpoaykT MultiSpec. MultiSpec e nporpama
TM/ETM+ Ha 6opaa Ha Landsat. Ypes MeTogbT, KOWTO 0bpaboTBalla MHOrOCMEKTpanHW [aHHM, MOMyYeHu uYpes
npurarame, ce TbpCAT CTabUMHM CTATUCTUYECKN 3aBUCUMOCTY CaTeNNTHU HabMIOgEeHUs Ha 3eMHaTa MOBBPXHOCT, Han-4yecTo
Mexgy MONeBMTE MHOTOCMEKTPanHW AaHHU U UndpoBuTe MOCPEACTBOM CMbTHUUM OT cepusita Landsat. [Mporpamata
[aHHW OT n300paxeHnsTa, NoMy4YeHM OT CEH30pM Ha bopaa Ha pasnonara C HagexgHW MEeTogW 3a MHTepnpetauus u
netawy anmapatun. Cref KOPEeKTHO —pasnos3HaBaHe Ha aHanuavpaHe Ha M300DpaKeHWs, MOMyYyeHu OT CaTenuTHO
CbOTBETHWTE MWKCENMW MOCMEABALIOTO  OrnpedensHe Ha BasnpaHa anapatypa. BbamoxHoctute M nogobpeHvsTa B
n3yyaBaHaTa HaseMHa opMa MOXe fa Ce Npueme Kato nocneaHaTa BEpCUs Ha Tasn Nporpama BKIKYBAT:

HapexaHo. MNonesuTe N3vepBaHus ca U3BbPLLEHN Ha 0BpasLm e  BM3yanM3MpaHe Ha MHOTOCTIEKTPAnHN M30GpaxeHns B
OT M3yyaBaHWs panoH. 3a Hero ca 06paboTeHn CbOTBETHUTE yepHo-6ermv  umM UBETHM  dopmaTH,  M3MOM3BaMKM
n3obpaxeHus ot ceHsopute TM/ETM+ Ha Gopaa Ha CrbTHUKA NWHENHa U KBagpaTU4Ha NPOMsIHa Ha KOHTpacTa;
Landsat oT pasnuyHM pgatu. [lpoBejeHu ca W in-situ e BusyanMaMpaHe Ha TEMATM4HW M30GpaxeHMs CbLIO B
CNEKTPOMETPUYHN U3MEPBAHKUA, 3a KOETO € 13MO0I3BaH Nonesun qepHo-GenM Unu LBETHK q')op|\/|a'|'y|l C Bb3MOXHOCT 3a
cnektpomMeTbp TOMS, pa3paboTeH U KOHCTpyWpaH B CeKuus KOHTPONMpaHe Ha ApKOCTTa;
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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 tasks was to prepare
thematic maps for several, non-successive years of the affected areas at regional scale. On the next step 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.

Keywords: mining-concentration industry, multidate remote sensing, pollution, tailings, waste

1. INTRODUCTION

Open pit mining in the last decades brought large increase of pit sizes and extracted ore volumes. Large volumes of
waste rock and ore (50,000-100,000 tone per day) are moved. The second largest European open pit mine is
Medet/Bulgaria copper mine (11 million tones per year). The main activity of this plant is extraction and recovery of
copper together with all relevant engineering and commercial actions. The ore deposits are developed by open pit mining
and together with them the dump areas are one of the largest pollutants of the environment in this region. 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 data for a period 1972 - 2011 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 monthly bulletin about the quality of the air and water is published and distributed in by local
authorities. This policy for ecologically clean production could be supported to great extend by data obtained by new
remote sensing instruments with their increased spatial resolution. Compared with the data taken 20 years ago the spatial
precision of the data improved more then twice which may result in better decision support.

*dborisova@stil.bas.bg
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ABSTRACT

The goal of the project is the working out of a multichannel spectrometric system in the visible and near infrared bands
of the electromagnetic spectrum for remote sensing with the following purposes: recognition of main land covers (soils,
natural and agricultural vegetation, water areas); state assessment of the studied objects.

The multichannel spectrometric system is designed to measure the reflected by ground objects solar radiation in the
visible and near infrared range of the electromagnetic spectrum on board of a remotely-controlled airborne platform
(helicopter). The measurements will be performed in a main working regime - nadir, helicopter velocity — up to 20 km/h,
height — up to 1000 m (optimal 200 m), flight duration - up to 30 min.

Components of the system are: multichannel spectrometer; digital camera (optional); data control on-board system; on-
board power supply device; fitting elements for installation on board; ground-based computing system for storage and
processing of spectrometric data.

Technical specifications of the spectrometric system are: spectral VIS-NIR range (450-900) nm; number of spectral
channels 128-64; channel location even; spectral resolution (3-10) nm; spatial resolution (1-25) m?; CCD line elements
2048; dynamic range of the system 4 x 104 and per scan 2000:1; exposure time (3-60) ms; measurement flight duration
(10-30) min.

Main tasks are investigation of the relationships between the reflectance and biophysical features of the studied objects;
development and validation of spectral-biophysical models for estimation of land cover parameters; soil state assessment
(type, moisture content, surface texture); vegetation state assessment (type, phenological and growth parameters,
detection of stress situations) and emergency response.

Keywords: unmanned copter system, airborne remote sensing, multispectral system, emergency response

1. INTRODUCTION

In the last years the unmanned aerial vehicles (UAV) have been used in large area of applications (i.e. agriculture,
forestry, ecological monitoring etc.) for distant and non-destructive examination of natural and manmade objects. The
survey we made in the scientific literature showed steady increase of the number of publications where UAV’s are the
remote sensing experiment platform even special issues for robotic UAV’s for data collection were found'. Also in the
FP7 funded project ImpactMin one of the workpackages is implementing small unmanned aircraft for assessment of the
present state of the environment near open pit mines®. Another successful application of UAV’s is to act as main device
for collection of data from scattered wireless sensors/weather stations deployed in agricultural area for monitoring the
parameters of the air and soil’. This push in UAV’s development was mainly due to serious achievements in the fields of
microelectromechanics, control electronics and communications, and sensor design. Considering the final price of the
data there is no single answer because even with same platform the price of the equipment (sensors, GPS module,
Rec/Trans, etc.) needed for the specific problem vary considerably but nevertheless it is cheaper than piloted alternatives.
Other factors that can not be estimated at the design phase are the geometric and radiometric accuracy since they vary
with the sensors implemented in the system.

In this research we put efforts in creation of a robust and reliable UAV-based system for collection of multispectral data
mainly targeted at agriculture biophysical parameters determination and monitoring the ecological state. The main
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ABSTRACT

The impact of mining industry and metal production on the environment is presented all over the world. In our research
we set focus on the impact of already non-operating ferrous “Kremikovtsi”’open pit mine and related waste dumps and
tailings which we consider to be the major factor responsible for pollution of one densely populated region in Bulgaria.
The approach adopted is based on correct estimation of the distribution of the iron oxides inside open pit mines and the
neighboring regions those considered in this case to be the key issue for the ecological state assessment of soils,
vegetation and water. For this study the foremost source of data are those of airborne origin and those combined with
ground-based in-situ and laboratory acquired data were used for verification of the environmental variables and thus in
process of assessment of the present environmental status influenced by previous mining activities. The percentage of
iron content was selected as main indicator for presence of metal pollution since it could be reliably identified by
multispectral data used in this study and also because the iron compounds are widely spread in the most of the minerals,
rocks and soils. In our research the number of samples from every source (air, field, lab) was taken in the way to be
statistically sound and confident. In order to establish relationship between the degree of pollution of the soil and
mulspectral data 40 soil samples were collected during a field campaign in the study area together with GPS
measurements for two types of laboratory measurements: the first one, chemical and mineralogical analysis and the
second one, non-destructive spectroscopy. In this work for environmental variables verification over large areas
mulspectral satellite data from Landsat instruments TM/ETM+ and from ALI/OLI (Operational Land Imager) were used.
Ground-based (laboratory and in-situ) spectrometric measurements were performed using the designed and constructed
in Remote Sensing Systems Department at Space Research and Technology Institute thematically oriented spectrometric
system TOMS working in the 0.4-0.9 pmrange of the electromagnetic spectrum (EMS). For proper comparison

between the data obtained from the different sources mentioned spectral transformations such as normalized difference
and rationing data for two wavelengths were applied in order to avoid misinterpretation. Statistically significant
dependence between the various spectral transformations and the quantitative content of the iron in the different type of
compounds was established. The achieved results provided evidence that methodology used could be extended to other
regions of the country polluted by the mining activities and should be also tested in the region of the copper and zinc
extraction. In the next step of our research we intend to use the results obtained by the multitemporal analysis of the
satellite and ground-based multispectral data for the same and the similar regions of interest.

Keywords: mining-concentration industry, multi-source and multi-scale data, airborne data verification

1. INTRODUCTION

The impact of the mining-concentration industry on the environment is presented all over the world. The exploitation of
mineral resources is always associated with significant and in most cases adverse changes of the land cover. Thorough
monitoring of degraded areas is an essential task for effective management of the recovery and rehabilitation processes
of the surface degraded by mining activities'. The geological exploration of the iron-bearing rocks in the “Kremikovtsi”
region started in the late 50-ies of 20™ century. As a result the mining processing and flotation plant “Kremikovtsi” was
built who started its production 1963. The main activity of this plant was extraction and recovery of iron together with all
relevant engineering and commercial actions. The experience for exploration and mine plant construction gained on this
site was implemented on other mine plants across Bulgaria during 60 and 70-ies of same century. Starting in early 90-ties
of 20-th century the production of “Kremikovtsi” open pit decreased and finally it was discontinued in year 2000. For
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ABSTRACT

In the present work we applied a recently developed procedure for multidimensional data clustering to multispectral
satellite images. The core of our approach lays in projection of the multidimensional image to a two dimensional space.
For this purpose we used extensively investigated family of recurrent artificial neural networks (RNN) called “Echo state
network” (ESN). ESN incorporates a randomly generated recurrent reservoir with sigmoid nonlinearities of neurons
outputs. The procedure called Intrinsic Plasticity (IP) that is aimed at reservoir output entropy maximization was applied
for adapting of reservoir steady states to the multidimensional input data. Next we consider all possible combinations
between steady states of each two neurons in the reservoir as two-dimensional projections of the original
multidimensional data. These low dimensional projections were subjected to subtractive clustering in order to determine
number and position of data clusters. Two approaches to choose a proper projection among the all possible combinations
between neurons were investigated. The first one is based on the calculation of two-dimensional density distributions of
each projection, determination of number of their local maxima and choice of the projections with biggest number of
these maxima. The second one applies clustering to all projections and chooses those with maximum number of clusters.
Multispectral data from Landsat 7 Enhanced Thematic Mapper Plus (ETM+) instrument are used in this work. The
obtained number and position of clusters of a multi-spectral image of a mountain region in Bulgaria is compared with the
regional landscape classification.

Keywords: multispectral satellite image, data clustering, recurrent neural network, Echo state network, fuzzy C-means

1. INTRODUCTION

In spite of numerous developments', clustering of multidimensional data sets is still a challenging task. Among the
variety of approaches used to solve it intelligent techniques such as fuzzy logic and neural networks were successfully
applied. Among these, exploitation of neurons equilibrium states of different recurrent neural networks (RNN) were
successfully used for data classification”*. Such RNNs were trained by unsupervised procedures minimizing an energy
function in search of correspondent to the particular data structure connection weights.

A recently proposed and extensively developed during last decade family of RNN called “reservoir computing” is
targeted mainly to increasing of the speed of supervised training algorithms of RNNs’. A representative member of this
family called Echo state network (ESN)® incorporates a recurrent reservoir with sigmoid nonlinearities of neurons
outputs. Although the ESN reservoir connections were randomly generated, there are numerous works proposing
methods for their adjustment to the data in use. Most of them are aimed at entropy maximization”® at the reservoir
output. Motivation behind these methods is related to the known biological mechanisms of changing neural excitability
in accordance with the distribution of the input stimuli’. In all cases additional bias term was used that move the
operating point of the reservoir into desired direction. In ° the authors proposed a gradient method named Intrinsic
Plasticity (IP) improvement by adjusting the biases as well as of introduced gain term aimed at achieving the desired
distribution of reservoir output. In ' it was proven by experiments that side effect of IP training is stabilization of even
initially unstable reservoirs. During investigations why and how IP reservoir improvement influences reservoir stability
another interesting effect was observed: the reservoir neurons equilibrium points are not only moved but also are
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Abstract— In the present work we applied a recently
developed procedure for multidimensional data clustering to
processing of spectral satellite images. The core of our approach
lays in projection of multidimensional image to a two
dimensional one. The main aim is to discover points with similar
characteristics. This was done by clustering of the resulting
image. The processing technique exploits equilibrium states of a
kind of recurrent neural network - Echo state network (ESN) -
that are obtained after intrinsic plasticity (IP) tuning of the ESN
using multidimensional data as inputs. The proposed in our
previous work automated procedure for multidimensional data
clustering is further refined and tested on the satellite image
data. The obtained number and position of clusters of a multi-
spectral image of a mountain region in Bulgaria is compared
with the classification of the region landscape given by the
Ministry of Regional Development and Public Works.

Keywords— echo state network, intrinsic plasticity, data
clustering, satelite spectral image

L INTRODUCTION

In spite of numerous developments, clustering of
multidimensional data sets is still a challenging task [1]. There
are different approaches for solving it that include variety of
intelligent techniques as fuzzy logic and neural networks.

Many well known types of recurrent neural networks
(RNN) were successfully used for data classification [2, 3, 4].
All of them rely on unsupervised learning procedures
minimizing given energy function in search of correspondent
to data structure adjustment of network equilibrium states. An
extensively developed branch of RNN called “reservoir
computing” is targeted mainly to increasing of training speed
of these dynamic networks [5]. A representative member of
this family is Echo state network (ESN) [6]. It incorporates a
randomly generated recurrent reservoir with sigmoid
nonlinearities of neurons outputs (usually hyperbolic tangent).
There are several works proposing methods for improvement
of the ESN reservoir. Most of them are related to entropy
maximization [7, 8] and are motivated by known biological
mechanisms of changing neural excitability in accordance with
the distribution of the input stimuli [9]. In all cases it was a bias
term was used that moves the operating point of the system in
the desired direction. In [9] the authors proposed a gradient
method named Intrinsic Plasticity (IP) training for adjusting the
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biases as well as of an additional gain term aimed at achieving
the desired distribution of reservoir output. In our previous
work [10] it was shown that in fact IP training stabilizes even
initially unstable reservoirs. During investigations why and
how IP reservoir improvement influences its stability we
observed another interesting effect: the reservoir neurons
equilibrium points are not only moved but also are
concentrated in several regions. Then question aroused: is it
possible to use this effect for clustering purposes too?

In [11] for the first time it was proposed to use ESN in
image classification to “draw out” silent underlying features of
the image data. These extracted features were used further as
inputs to a feedforward neural network classifier. In [12] we
exploited the same reservoir ability but looking from another
perspective: we consider combinations between steady states of
each two neurons in the reservoir as numerous two-
dimensional projections of the original multidimensional data
fed into ESN input. These low dimensional projections can be
used next for data clustering. It was shown experimentally that
together with improved stability the IP tuned ESN reservoirs
possess also better clustering abilities that naturally opens the
possibility to apply them for multidimensional data clustering.
Based on investigated effect of IP improvement of ESN
reservoir we propose a procedure for multidimensional data
clustering. It allows discovering multidimensional data
structure without specification in advance the clusters number.

The initial investigations in [12] used two small size data
sets. But even with these data need of further refinement of our
procedure with respect to finding of a proper two dimensional
projection among the numerous possible combinations between
reservoir neurons was revealed. The initial idea of using
neurons density distributions showed that there is need to find
a proper value of the bandwidth of used kernels.

In the present paper we move one step further applying a
two dimensional density distribution functions and using a
procedure from [12] that determines automatically the kernels
bandwidth. The improved algorithm was applied for clustering
of spectral satellite images — a data set with much more
dimensions than those used in our initial work. It is shown that
with new improvement we are able to discriminate easier one
among all possible two dimensional projections.
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SUMMARY

Remote sensing using geophysical principles begins with the development and design of equipment for
performing research of objects remotely and without disturbing their integrity. In geological remote
sensing studies the determination of the chemical/mineral composition and the structure of the objects
within the field of view of the instrument either obtained in the lab, with a field spectrometer, or with a
remote sensor is a main goal. The aim of this study is to present and test the procedure of preprocessing of
the field spectrometric data. Field spectrometric studies of rocks were made to collect spectral signatures
of different rock types for the reliable detection and identification of their mineral and chemical
composition. The experiments are based on major physical principles such as light scattering, absorption
of light, and reflection of light in the electromagnetic spectrum (EMS). Field spectral measurements were
made with Thematically Oriented Multi-channel Spectrometer designed and constructed in Remote
Sensing Systems Department at SRTI-BAS. The spectrometer with increased spectral resolution works in
(400-900) nm range of EMS. The results are compared with similar data from spectral libraries. They
correspond to the shape of reflectance spectra in the same range of EMS obtained with other
spectrometers.
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SUMMARY

Abandoned open pit mines create serious ecological risk for the region of their location. This is valid
especially for the quality of water since the rainfalls together with underground waters fill the open pit and
form water body with different depth. One example for such opencast, inactive copper mine is Medet
(Bulgaria). There are many cases reported for water pollution by heavy metals in the rivers running close
to this open pit mine after autumn and spring rains. This justifies the need for long term and sustainable
monitoring of the area of the water basin of this unused mine in order to estimate its acid drainage. The
imaging spectroscopy combined with is-situ investigations is proved to provide reliable results about the
area of the water table and the water volume in it. In this study we have investigated historical data
gathered by remote sensing which allowed us to make conclusions about the year behavior of this area.
The team expects that the results of this research will help in the rehabilitation process of this inactive
mine and will provide the local authorities engaged in water quality monitoring with a tool to estimate the
possible damage caused to the local rivers.
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ESTIMATION OF WATER AREA INCREASE BY REMOTELY SENSED DATA IN THE NON-
OPERATING OPEN PIT MINES MEDET AND KREMIKOVTSI
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ABSTRACT. Abandoned open pit mines create serious ecological risk for the region of their location. This is valid especially for the quality of the
water since the rainfalls together with underground waters fill the open pit and form water body with different depth. The examples for such
opencast, inactive mines are the copper mine Medet and the ferrous mine Kremikovtsi. There are many cases reported for water and soil pollution
by heavy metals in the rivers running close to these open pit mines after autumn and spring rains. This justifies the need for long term and
sustainable monitoring of the area of the water basins of these unused mines in order to estimate its acid drainage. The imaging spectroscopy
combined with in-situ investigations is proved to provide reliable results about the area of the water table. In this study we have investigated
multitemporal data gathered by remote sensing which allowed us to make conclusions about the year behavior of both areas. The team expects
that the results of this research will help in the rehabilitation process of the inactive mines and will provide the local authorities engaged in water
quality monitoring with a tool to estimate the possible damage caused to the local rivers and to the soils in the neighboring areas.

OLIEHKA HA MPOMAHATA HA BOOHWUTE nnowy No fAHHK OT AUCTAHLUWOHHW U3CNEABAHUA 3A HEPABOTELLUTE
PYOHWLIM MEOET U KPEMUKOBLIU
HeHuuya bopucosa’, Xpucmo Hukonos?, baHyw banywee? [oliHo llemkog!

1MHcmumym 3a KocMuyecku uscredgaHus u mexHonoeuu, buneapcka akademus Ha Haykume, 1113 Cogpus; dborisova@stil.bas.bg
2MunHo-2e0M0XKU yHUSepcumem "Ce. MeaH Purnicku", 1700 Cocpusi; banushev@mgu.bg

PE3IOME. W3ocTaBeHuTe OTKPUTM pyOHWLM Cb3AaBaT CEPUO3EH EKOMOTMYEH PUCK 3@ PEr1oHa, KbAETO Ca pasnofioxeHW. ToBa Baxu B ronsma
CTeneH 3a Ka4yeCTBOTO Ha BOfaTa, TbI KaTo BanexXuTe 3aefHO C NOA3EMHWUTE BOAM 3ambfiBaT OTKPUTUS PYOHWK W 0bpasyBaT BOAHO TAMO C
pasnuyHa Mo, 4bnbounHa M XummnyeH cbeTap. pumepm 3a TakuBa OTKpUTU HepaboTewm pyaHuum ca Meget (vegHa pypa) n Kpemukosum
(enssHa pyga). Miwa MHoro cnyyaw, B KOUTO BoAaTa W noyBaTa ca 3aMbPCEHM C TEXKM METanu 0T NpoThYaLymTe B 6rM3oCT pekn 4O Te3n OTKpUTH
pyaHuLp, ocobeHo cnen 0BuUnHM eCEHHHW W MPoNeTH AbxaoBe. ToBa 060CHOBaBa HEOOXOAMMOCTTa OT LBNTOCPOYHO W YCTOMYMBO HabnogeHre
Ha paiioHa Ha (hOpMMpaHWUTE BOJOEMM B Te3 HEEKCMNoaTWpaHu PyaHWLM, 3a A ce OueHu mpomsHata Ha pH Ha Bogata. B Hactoswoto
13CreABaHe ca 13MoN3BaHN MHOTOKaHamnHN u3obpaxeHunsl, KOMOUHMPaH C in-Situ M3MepBaHKS, 3a KOUTO € [0Ka3aHo, Ye NpefoCcTaBsAT HaLeXaHN
pesynTaTv 3a MnowTa Ha BOAHOTO TAno. B ToBa mpoyyBaHe cme M3non3Banv BpemeBa nopeguua AaHHW, cbOpaHn 4Ype3 AMCTaHLMOHHM
13CreABaHNs, KOETO HW MO3BOMM [ja HanpaBuM W3BOAM 3a LIENOTOAMLLHOTO NOBEAEHWe B ABaTa pyaHuka. EkumbT ce Hagsea, ye pesyntaTtute oT
TOBa M3CMeABaHe Lie NoanoMOorHaT npoueca Ha pexabunutauust Ha pygHULM W3BBH ekcrroaTauus W Lie NpefocTaBi Ha MECTHUTE BracTy,
@HraXupaHu B MOHUTOPUHIA Ha KaYECTBOTO HA BOAWUTE, MHCTPYMEHT 32 OLIEHKA Ha Bb3MOXHM LETU, MPUYNHEHN HA MECTHUTE PEKV W MOYBHY.

Introduction of ferrous inoperative mine Kremikovtsi since 2000. The above

All human developed technological processes make sensible mentioned observation was ascertained first by multispectral
impact to the environment. This holds true especially for the data from remote sensing and after that by in-situ inspection
mining sites irrespective of the method of their exploitation — too. In the past decade based on the same data and auxiliary
open or underground. In both cases huge amount of ones we observed a steady increase of the area occupied by
supernumerary product is generated — top soil, waste rock, and water table at both sites. The conclusions we make as results
lean ore. According to the EU legislation the “management of of this study are solely based on the satellite and aerial data
mining waste disposal facilities must take into consideration since the region where the abandoned mines are located is
long term environmental issues, because these structures will considered to be of restricted access because it is inside of the
more than likely survive both the mine and the mining mining complexes. In the framework of this research our main
company” (BRGM, 2001). In this study we focus our research task was to estimate the approximate areas inside the pits
on the long term impact of the water basins formed into two of filled by the water. We believe that this information would help
abandoned mines in Bulgaria — a copper one and a ferrous in making future assessments on the possible effect on
one. The mentioned water started to accumulate into the pit of ~ @quifer/s in the area and on the hydrographic network in the
copper non-operating mine Medet since 1996 and into the pit region. Because of lack of data collected from the water basins
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CIIEKTPAJIEH ITIOAXO/l 3A OHEHKA HA 3EMEJEJICKA
PACTUTEJIHOCT ITPU CTPECOBMU YCJIOBHUSA HA OTTVIEKJIAHE

Pymsna KenueBa, ['eopru I'eoprues, Jlenuiia bopucosa

Pesome. CbBpeMEHHUTE HACOKH B M3y4aBaHETO HA OKOJIHATA CpPelia ca A0 rojisMa CTENeH CBBbP3aHU C T100anHu
CKOJIOTMYHU TPOOJIEMH, MPOU3TUYAIIN OT AHTPONOTEHHOTO BB3JCHCTBHE BBHPXY OHOC(epaTa M Mpeaul BCUYKO
BBPXY pPAacCTUTENHOCTTA. B3amMOCBBpP3aHMAT XapakTep Ha TIIOBEYETO EKOJIOTMYHM TIpoOJIeMH Hajara
HEOOXOIMMOCTTa OT OCBIIECTBSIBaHE Ha MEXIYAWCHMIUIMHAPHHW W3CIEIBAHUSA W IPWIOKEHHE HA Pa3INIHH
moaxonu, oOMeH Ha uH(opManus W CBHBMECTSBAaHE HA JAHHH OT pPAa3IUYHH H3TOYHUIM. CHBpPEMEHHUTE
IMCTAaHIIMOHHH TEXHOJIOTUH 32 HAOIIOICHNE U PAaHHO MpeNynpekaeHe, HABPEMEHHO W3BINYaHe Ha WH(opMarms
M M3IO0I3BAHETO M 3a MOIEJIMPAHE U NPOTHO3HMPAHE Ca IMPEIIIOCTaBKa 3a B3€MAaHE HA PEIICHUS 10 HAJICHKaIlW
€KOJIOTUYHU BBIIPOCH. TakuBa 3HAUMMM BBIIPOCU Ca YIPABICHUETO Ha IPUPOJHHUTE PECYPCH, ONA3BAHETO Ha
CKOCHUCTEMHUTE U ChbXpaHEHHE Ha OuopazHooOpaszueTo. /IMCTaHIMOHHHUTE H3CIIEABAHUS H3IIOJI3BAT CIIEKTPATHU
XapaKTepUCTHKNA Ha OOEKTHTE 3a OLEHKAa Ha TAXHOTO CHCTOSHHE M M3MEHEHHE IIOJ BIMSHHETO Ha (haKTOPH OT
OKOJHaTa cpera. B Hacrosmara pabota ce pasriexia M3MOM3BaHETO HA PA3IMYHU CIIEKTPATHU IpU3HALM 3a
OllCHKa Ha CBCTOSHMETO Ha 3EMEACICKU KyIATYypH IIpU CTPECOBU YCIOBUs Ha oTriaexiaHe. M3peneHu ca
PErPECUOHHY MOJENH, CBBP3BAllld PACTEKHUTE IMApPAMETPH CHC CIEKTPAJIHU HMHIUKATOPH HA CBCTOSHUETO.
AHanu3upaHa € Bb3MOXKHOCTTA Ha CIIEKTPOMETPUYHUTE JJAHHU 33 KOJIMYECTBEHA OLIEHKA Ha CTPECOBOTO BIMSHUE
Ha XpaHUTEIHUS JePUIIUT U 3aMBPCABAHETO C TSKKU METaJIH.

KaouoBu AYMMU: JUCTAaHIIMOHHU U3CJIICABAHWS, CIICKTPAJTHN XaPAKTCPUCTUKH, BEr€CTAllMOHHHU MHACKCH, paCTCKHU
nmapamMeTpu, CTPEC, TCKKHU MCTAJIN, XPAHUTCIICH I[e(i)I/II_II/IT

Rumiana Kancheva (rumik@abv.bg),
Georgi Georgiev (ggeorgie@stil.bas.bg),
Denitsa Borisova (dborisova@stil.bas.bg)

Bulgarian Academy of Sciences,
Space Research and Technologies Institute,
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OILEHKA HA XJIOPO®PUJIHOTO CBABPKAHUE U YCTAHOBSBAHE
HA CTPEC IO OITUYHUTE CBOMCTBA HA PACTUTEJHOCT

Pymsna KenueBa, [lennna bopucosa. ['eopru I'eoprues

Pe3tome. PacTuTeTHUST MOHUTOPHHT € €IJHO OT OCHOBHUTE MPUJIOKEHHUS Ha IUCTAHIMOHHUTE n3cienBanus. [1o oTHomeHne Ha
3eMe/IeTICKUTE 36MH OCHOBHA I1eJI € JIa CE OLICHH CHCTOSHHUETO Ha KyJATYpUTE 110 BpeMe Ha BereTalOHHKS Iporiec. MeTouTe 3a
JIUCTAHIMOHHU M3CJICIBAHMS U3MI0I3BaT MHOTOCIIEKTPAIHH JAHHH 32 ONpeiesisIHE Ha PACTUTENHU OHO(GHU3NYHN 1 OMOXUMIYHU
XapaKTepPUCTHKU Ype3 YCTAaHOBSBAHE HA KOJIMYECTBEHM BPB3KU MEXIy PACTEKHHUTE TIOKA3aTeM U CIIEKTPAHUTEe CBOMCTBA HA
kynrypure. Kato dusnonornieH nokasares ChAbpKaHUETO Ha XJIOPO(UII € BayKEH OMONapaMeTsp 3a OLEHKa Ha Pa3BUTHETO U
CBCTOSIHHETO HA pacTeHMsTa. B Hacrosmiata paboTa mHpeacTaBsIME HSIKOM PE3YNTaTH OT HA3eMHH CIIEKTPOMETPHYHU
W3CNEBAaHMS HA PA3IMYHK 3€MEJENICKH KynTypd. JlaHHWTE ca W3MON3BAHM 3a OIEHKA Ha CHOCOOHOCTTAa M TOYHOCTTAa Ha
PA3IIMYHM CIICKTPATHN TOKA3aTEIH JIa CIyKaT 3a OIpee/isiHe Ha XJIopoduiHoTo chabpkanue. Koedummentn Ha otpaxenmue,
BETCTAlIOHHN MHIEKCH, YepBeHATa IpaHWIda Ha XJIOPO(QMIIHOTO TOIIBIIAHE, CHEKTPH Ha MPOITyCKaHe, (IyOopecleHTHO
M3ITbUBAHE U IIBETOBH XapaKTEPHCTUKU Ha PACTEHMSTA ca CTATHCTHYECKH CHIIOCTABEHH C XJIOPO(WIHOTO ChIbPKaHKE, 32 1A
ObJie M3CIeIBaHA 3HAUMMOCTTA Ha M3MECHEHHMSITA Ha CIICKTPAITHUTE XapaKTePHCTHKU KaTo (DYHKIMS OT MUTMEHTHHUTE U3MEHHSL.
IMonmyyeHaTa BUCOKa KOpeJalysl € O3BONIIIa M3BEKIAHETO Ha JOCTOBEPHU KOJIMYECTBEHH ChOTHOIICHHSI MEXY XJI0podiia 1
pa3IMYHM CIIEKTPAJHM TpW3HAIM. Te3M 3aBHCHMOCTH Ca H3MOM3BaHM 3a OLCHKA HAa CBCTOSHHETO Ha PACTeHHATa U
YCTAHOBSIBAHETO Ha CTPEC OT IVIEHA TOYKA Ha XJIOPOMIIHOTO ChABPKAHUE.

Ki11040BH 1yMH: pacTUTETHOCT, XJIOPO(UI, CTpec, CIEKTPaTHU XapaKTePUCTUKH, BETeTAlIMOHHN HHIEKCH.
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Georgi Georgiev (ggeorgie@stil.bas.bg)
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DERIVING INFORMATION ON WINTER WHEAT PERFORMANCE
FROM IN-SEASON VARIATIONS OF CROP CANOPY REFLECTANCE

Rumiana Kancheva, Denitsa Borisova, Georgi Georgiev

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: rumik@abv.bg, dborisova@stil.bas.bg, ggeorgie@stil.bas.bg

Keywords: winter wheat, spectral reflectance, vegetation indices, phenology, seasonal spectral
response, growth variables, yield prediction

Abstract: Agricultural monitoring is an important and continuously spreading activity in remote sensing
and applied Earth observations. It supplies valuable information on crop condition and growth processes. Much
research has been carried out on vegetation phenology issues. In agriculture, the timing of seasonal cycles of
crop activity is important for species classification and evaluation of crop development, growing conditions and
potential yield. The correct interpretation of remotely sensed data, however, and the increasing demand for data
reliability require ground-truth knowledge of the seasonal spectral behaviour of different species and their relation
to crop vigour. For this reason, we performed ground-based study of the seasonal response of winter wheat
reflectance patterns to crop growth patterns. The goal was to quantify crop seasonality by establishing empirical
relationships between plant biophysical and spectral properties in main ontogenetic periods. Phenology and agro-
specific relationships allow to assess crop condition during different portions of the growth cycle and thus
effectively track plant development and make yield predictions. The applicability of different vegetation indices for
monitoring crop seasonal dynamics, health condition, and yield potential was examined.

U3BJINYAHE HA UHOOPMALUA 3A PASBUTUETO HA SUMHA NWIEHULIA
NO CE3OHHU UBMEHEHUA HA CINEKTPAITHOTO OTPAXXEHUE HA PACTEHUATA

PymaHa KbHueBa, [leHuua Bopucosa, Neopru Neoprues

WHcmumym 3a KocMu4yecku uscnedsaHusi U mexHornoauu — brrzapcka akademusi Ha Haykume
e-mail: rumik@abv.bg, dborisova@stil.bas.bg, ggeorgie@stil.bas.bg

Knroyoeu Oymu: 3umMHa nweHuya, CriekmparsHu xapakmepucmuku, ee2emayuoHHU UHOEKCU, Ce30HHa
OuHamuka, gheHoroaus, napamempu Ha CbCMOSIHUeMO, NMpPo2Ho3upaHe Ha dobusume

Pe3rome: MoHumopuHebm 6 Cefickomo CmonaHCmeo € B8aXHO U WUPOKO pasnpocmpaHeHo
npusioxeHue Ha GucmaHyuoHHUMe uscredsaHusi, Koemo rnpedocmassi UeHHa UHGhopMayusi 3a CbCMOosIHUEMO Ha
rnocesume u npouyeca Ha passumuemo uM. MHoxecmeo uscredeaHusi ca MOCEEMEHU Ha B8bMPOCU Ha
¢geHonozusima. Cpokogeme U x00bm Ha eezemayuoHHama akmueHOCM ca 8aXHU pu U3Mon38aHemo Ha
AucmaHyuoHHU OaHHU 3a Kracugbukauyusi Ha Kynmypume, 3a OUueHKa Ha msxHoOmo passumue, ycrosusma Ha
omenexdaHe u nomeHyuanHus dobus. lNpasunHama uHmMeprpemayuss Ha OaHHUMe om JAucmaHUUOHHUME
uscnedeaHusi, KakKmo U U3UCKeaHemo 3a Mo-eonsMa Halexo0Hocm Ha uHgopmayusma, Hamazam nodpobHO
Ha3eMHO u3yyasaHe Ha ce30HHama OuHaMUuKa Ha CriekmpasHume Xxapakmepucmuku Ha pasfiuyHume Kynmypu u
ycmaHossieaHe Ha epb3kama UM CbC CbCMOSIHUemMO Ha nocesume. [lopadu ma3u npuduHa ca nposedeHu
ronesu ekcriepumeHmu, 4pe3 koumo 0a ce npocredu Ce3oHHUs X00 Ha buoghu3uyHUMe U criekmpanHume
ompaxxameJsiHu xapakmepucmuku Ha 3uMHa nweHuya. Llenma e da ce uscnedsam u onuwam KosudecmeeHume
8pBb3KU Mexdy 6uomMempuyHUmMe mnapamempu U CriekmpanHume ceolicmea Ha rocesume 8 pasfuyHU
gpeHonozuYHU hasu Ha pazsumue. Tesu 3agucuMocmu r103680s198am oUueHKa Ha CbCMOSHUemMOo Ha pacmeHusima
8 pas/nuyHu nepuodu Ha eezemauusi, Koemo ocuaypsiea egheKmugeHo npocriedsisaHe Ha Ce30HHama OUHaMuKa Ha
pacmexa u no-20s1iMa MoO4YHOCM Ha rpozHo3upaHusi dobus.

Introduction

The rapid advances of space technologies concern almost all scientific areas from aeronautics
to medicine and a wide range of application fields from communications and hazard warning to crop
yield prediction. Without a doubt, vegetation monitoring is the most essential application of remote
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AHAJIN3 HA TPELLUKUTE B CNEKTPOMETPUYHUTE U3MEPBAHUA
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Knroyosu dyMu.' OucmaHUUuOHHU uscrnedsaHus, euaeocneKmpomempuqHu cucmemu,
HeonpedeneHocmu, SepewkKu.

Pe3rome: CrniekmpomMempuyHUmMe u3MepeaHusi ce Xapakmepusupam C O02POMHU 8b3MOXHOCMU 10
OMHoOWeHuUe Ha rnorydyagaHama uHgopmauyus. CbueepemMeHHo 3a 0a 6b0am peanusupaHu me3u 8b3MOXHOCMU
e Heobxodumo da 6b0e omcmpaHeHO 6MUsSHUeMO Ha MHOXecmeo OOMbIIHUMEIHU ehekmu U epewku 8bpxy
pe3ynmamume om u3mMepeaHusima. B pabomama ca pasznedaHu pasnuyHUMe U3MOYHUUU Ha ITbYeHue,
yyacmeawju 8 ¢hopmupaHe Ha oblwama MOWHOCM Ha pesucmpupaHomo om fpubopa ompaseHo NTbYEHUe.
AHanusupaHu ca u e HafpaseHa e cucmemMamusayusi Ha epewkume om me3u U3MOYHUUU U ca MOCOYEeHU
mbmuwama 3a msxHomo HamarsisieaHe U omcmpaHsieaHe. pusedeHa e knacugbukayusi Ha Ha epewkume o
onpedeneHu Kpumepuu.

ERROR ANALYSIS IN THE SPECTROMETRIC MEASUREMENTS

Valentin Atanasov1, Georgi Jelev1, Denitza Borisova1,
Kiril AIexievz, Petya Koprinkova2

1Space Research and Technology Institute — Bulgarian Academy of Sciences
?Institute of Information and Communication Technologies — Bulgarian Academy of Sciences
e-mail: vatanassov@space.bas.bg

Keywords: remote sensing, imaging spectrometer, uncertainties, errors.

Abstract: Spectrometric measurements are characterized by a huge potential in terms of the received
information. However, to be realized these opportunities need to be removed the influence of a number of
additional effects and errors on the measurement results. In the paper are discussed various radiation sources
involved in the formation of the registered irradiation. Errors from these sources are analyzed and classified
according to specific criteria and are listed ways for their reduction and elimination.

BbBegeHue

Mpe3 nocnegHnTe AeceTMneTns QUCTAHUMOHHUTE W3CNEedBaHUs ce HamnoXuxa kato Bogella
Hay4yHa o6nacT U MOLUEeH WHCTPYMEHT B M3y4aBaHETO Ha 3eMHaTa MNoBbpxHOCT. [MonyyaBaHaTa
MHopMaLuMs ce U3MOoN3Ba YCrelwHo B peauua BaxkHU o06nacTu, KaTo reoriorusi, Cesicko CTOMaHCTBO,
KapTorpacusi, BOEHHO [ferno, ekoriorvst U Ap. KpbrbT OT NPUIIOXKEHUss HA OWCTaHUMOHHO MOSyYeHU
CneKkTpanHy AaHHW U N300paKEHUs] HEMPEKBCHATO Ce paslvpsiBa, BKMHOYBaKM HOBM 06racTu, kato
€KOJOTMYEH MOHUTOPUHI Ha 3acTpalUeHN 30HW, MOHUTOPUHT Ha rnobanHWTe NPOMEHU Ha NMPUPOAHUTE
pecypcy 1 okonHaTta cpefa, MPoOMeHW B KnumaTta u ap.

Bopgello MACTo B AUCTaAHLUMOHHUTE M3credBaHUs 3aeMaT CMeKTPOMETPUYHUTE U3MepBaHMs.
ChblecTBYBaLLMAT OrPOMEH NoTeHuMan Ha Tesun uacrnensaHus Moxe Aa 6bae M3non3saH MbHOLEHHO
camo Npu HanMYMeTo MoryYeHN C BUCOKA TOYHOCT U MPELM3HOCT CNeKTpanHu AaHHU U N306paxeHus.
ToBa ycnoBue, 3a cCbxarneHue, He Moxe [Oa Obde M3MbIHEHO anpuopu W MbpBOHAYaNHO Npu
nonyyaBaHe Ha CypoBWUTe AdaHHW. HanmbnHO OCHOBaTeNHO € LUMPOKO PasnpoCTpaHeHO MHeHue B
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Knrovoesu dymu: oucmaHUUOHHU uscredsaHus, 8udeocrnekmpomMempuyHU cucmemu,
HeornpedenieHocmu, epewKu, KOpeKyuU Ha epeuwkume.

Pe3rome: B pabomama ce pasenexda Nposie/ieHUemMO Ha epewkKume 6 CrekmpoMempuyHume
uaMepsaHusi Kamo (hyHKUUsT om pasfiuyHUmMe Uu3MmoYHUUU Ha 2eHepupaHe. HanpaseHo e pasdernsiHe Ha
epewkKume 8 3agUCUMOCM OmM U3MOYHUUUMe, KOemo ro3eosisiea 0ekomMosupaHe u HabernsideaHe Ha pa30esiHu
mMemoOdu 3a HamarsisieaHe U esluMuHupaHe Ha omoesiHume cbcmasHu. [lpednoxeHu ca anzopummu 3a KOpekyusi
Ha epewkume, ro3eofisawu ONMUMU3AUUS Ha Xapakmepucmukume Ha npubopa 6 emarnume Ha
paspabomeaHe u npou3eodcmeo U rnaHupaHe Ha Memodu u npouyedypu 3a HamarnseaHe umnu
efIuUMUHUpaHe Ha omoesIHUme cbcmassiuju.

ERROR CORRECTIONS IN THE SPECTROMETRIC MEASUREMENTS

Valentin Atanasov', Denitza Borisova',Georgi Jelev',
Kiril Alexiev?, Petya Koprinkova®

1Space Research and Technology Institute — Bulgarian Academy of Sciences
?Institute of Information and Communication Technologies — Bulgarian Academy of Sciences
e-mail: vatanassov@space.bas.bg

Keywords: remote sensing, videospektrometrichni systems uncertainties, errors, corrections of errors.

Abstract: In the paper are examined the appearance of errors in the spectrometric measurements as a
function of the various sources of generation. A error partitioning is made depending on the sources, allowing
decomposition and identification of separate methods for the reduction and elimination of the component. Error
correction algorithms are proposed, allowing optimization of the device characteristics in the stages of
development and production and are planning methods and procedures to reduce or eliminate the separate
components.

BbBepgeHue

Kopekuusita Ha rpelikute Mnpu CNeKTPOMETPUYHUTE M3MEPBaHUS € U3KMYUTENHO CRoXHa
3apgadva. CamusT nNpoLec Ha OLeHKa M KOpUrMpaHe Ha rpellkuTe 3ano4vBa olle C KOHCTPyupaHeTo U
n3paboTBaHETO Ha CNEKTPOMETpUYeH Npubop. BknoyBa nocnegoBaTenHo etanuTe Ha kanubpupaxe,
BepudvKaumss U BanuaupaHe Ha XapakTepUCTUKM W JaHHW. Te3n eTanu npoabrxkaBaT U cneqn
nspabotBaHeTo Ha npubopa npe3 Taka HapeyveHusl ekcnroatauuoHeH nepuop. [Npes To3u nepwopf
KOpeKuMsiTa Ha rpeLLKknTe ce OCbLLEeCTBsSIBA HAa HOBW ABa eTana — B N1abopaTopHN YCNOBUSI U HA TEPEH
(vnn Ha 6opaa Ha HocuTensd) no Bpeme Ha paboTta Ha npubopa. OT Ka3aHOTO MOXe Aa ce Hanpaswu
3aKMoYeHne, 4e MpoLecuTe Ha Kopekuus unm no oblWo kasaHo, npedBapuTeniHa obpaboTka,
CbMbTCTBAT LENUAT NEpUop, Ha CbLLEeCTBYBaHe Ha npubopa.
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Analysis of spectrometric optical data from different devices

D. Borisova*, D. Petkov
Space Research and Technology Institute-Bulgarian Academy of Sciences (SRTI-BAS),
Acad. G. Bonchey str., bl.1, Sofia 1113, Bulgaria

ABSTRACT

Remote sensing is a general tool to investigate the different areas of Earth and planets. The development of the
implementation capabilities of the optoelectronic devices which are long-term-tested in the laboratory, in the field and
are mounted on-board of the remote sensing platforms further improves the capability of instruments to acquire
information about the Earth and its resources in different scales. Remote sensing application in the Earth observation
begins with the design and the assembling of equipment for carrying out research of the monitored objects remotely and
without disturbing their integrity. Ground-truth data in the Earth observation of the environment and in the remote
sensing investigations are very important. Remote sensing methods for studying of rocks and minerals are closely related
to current programs for the mineral and chemical composition study of the Earth, Mars and Phobos surfaces. The
experience and the knowledge from previous experiments in space missions encourage us to continue our efforts to
acquire spectral data using different remote sensing systems and to compare the obtained results. The main goal in the
geological remote sensing is the determination of the chemical and/or mineral composition and the structure of the rocks.
For this purpose the laboratory and the field spectroscopy measurements are performed. These measurements are made
to collect, compile and complete guide with spectral characteristics of different rocks for their reliable identification and
for the determination of their mineral and chemical composition. The experiments are based on major physical principles
such as light scattering, absorption of light, and reflection of light in the electromagnetic spectrum. For the purpose of
present paper ex-situ spectroscopy measurements of the granites and their rock-forming minerals from the territory of
Bulgaria in visible and near infrared (VNIR) range of the electromagnetic spectrum were performed using following
spectrometric systems: SRM, 0.4-0.82 micrometers; SPS-1, 0.55-1.1 micrometers, Thematically Oriented Multi-channel
Spectrometer /TOMS/, 0.4-0.9 micrometers, all of them designed and constructed in Remote Sensing Systems /RSS/
Department at SRTI-BAS. The obtained spectral data are compared with similar data from different instruments for
Earth observation included in the spectral libraries. They correspond to the shape of the spectral signature in the same
spectral range obtained with other spectrometers. Two wavelengths were selected and were applied for the proper
comparison between the data obtained by different instruments. The dependence between the reflectance values at the
chosen wavelengths and the quantitative content of the rock-forming minerals was established. The achieved results
proved that this methodology could be applied for comparing the spectral data from different sources. These promising
results encourage us to plan the next campaigns for the field spectroscopy measurements in different regions of Bulgaria.

Keywords: optical data, multi-source data, remote sensing data analysis

1. INTRODUCTION

Remote sensing methods for studying of rocks and minerals are closely related to current international programs for the
mineral and chemical composition studies of the Earth, Moon, Mars and Phobos surfaces. For the purpose of the present
paper ex-situ spectroscopy measurements of the granites and their rock-forming minerals from the territory of Bulgaria
in the visible and near infrared (VNIR) range of the electromagnetic spectrum (EMS) are performed using following
optical spectrometric systems in selected ranges: SRM, 0.4-0.82 micrometers; SPS-1, 0.55-1.1 micrometers, and
Thematically Oriented Multi-channel Spectrometer /TOMS/, 0.4-0.9 micrometers. All the systems have been developed
in RSS at SRTI-BAS. The obtained spectral data are compared with similar data from different instruments for Earth
observation included in the spectral libraries. They correspond to the shape of the spectral signature in the same spectral
range obtained with other spectrometers. For proper comparing of the spectrometric optical data obtained using different
devices two wavelengths are selected. The dependence between the reflectance values at the chosen wavelengths and the
quantitative content of the rock-forming minerals in the granites is established and analysed. The achieved results proved
that this methodology could be applied for comparing the spectral data from different sources.
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Algorithms for lineaments detection in processing of
multispectral images
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ABSTRACT

Satellite remote sensing is a universal tool to investigate the different areas of Earth and environmental sciences. The
advancement of the implementation capabilities of the optoelectronic devices which are long-term-tested in the
laboratory and the field and are mounted on-board of the remote sensing platforms further improves the capability of
instruments to acquire information about the Earth and its resources in global, regional and local scales. With the start of
new high-spatial and spectral resolution satellite and aircraft imagery new applications for large-scale mapping and
monitoring becomes possible. The integration with Geographic Information Systems (GIS) allows a synergistic
processing of the multi-source spatial and spectral data. Here we present the results of a joint project DFNI 101/8 funded
by the Bulgarian Science Fund focused on the algorithms of the preprocessing and the processing spectral data by using
the methods of the corrections and of the visual and automatic interpretation. The objects of this study are lineaments.
The lineaments are basically the line features on the earth's surface which are a sign of the geological structures. The
geological lineaments usually appear on the multispectral images like lines or edges or linear shapes which is the result
of the color variations of the surface structures. The basic geometry of a line is orientation, length and curve. The
detection of the geological lineaments is an important operation in the exploration for mineral deposits, in the
investigation of active fault patterns, in the prospecting of water resources, in the protecting people, etc. In this study the
integrated approach for the detecting of the lineaments is applied. It combines together the methods of the visual
interpretation of various geological and geographical indications in the multispectral satellite images, the application of
the spatial analysis in GIS and the automatic processing of the multispectral images by Canny algorithm, Directional
Filter and Neural Network. Landsat multispectral images of the Eastern Rhodopes in Bulgaria for carrying out the
procedure are used. Canny algorithm for extracting edges represents series of filters (Gaussian, Sobel, etc.) applied to all
bands of the image using the free IDL source. Directional Filter is applied to sharpen the image in a specific preferred
direction. Another method is the Neural Network algorithm for recognizing lineaments. The lineaments are effectively
extracted using different methods of automatic. The results from the above mentioned methods are compared to the
results derived from the visual interpretation of satellite images and from the geological map. In conclusion, the rose-
diagrams of the distribution of the geological lineaments and the maps of their density are completed.

Keywords: processing algorithms, analysis of multispectral images, geological hazards, Eastern Rhodopes, lineaments

1. INTRODUCTION

The objects of this study are linear structures (lineaments) in a part of Eastern Rhodopes (Figure 1). Eastern Rhodopes
occupy a small part of the Rila-Rhodope massif and covers 5839 km®. The area of region of interest (Rol) is 36 km®. In
Rol lower and highly segmented north part and higher and a massive southern part are distinguished. The character of
the relief is hilly (72% of total area) and mountain (about 24% of the total area). Altitudes above 1000 m occupy only
1% of the whole area, and flat terrains - 3%. The average altitude is only 320 m, and increases from North to South'.

The main goal is to determine the lineaments in the study area using algorithms for analyzing remote sensing data
(Canny algorithm, Directional Filter and Neural Network) in GIS software. The following main tasks are performed:

- Implementation of various algorithms on a Landsat ETM+ image.
- Detection and analysis of lineaments.

- Map of lineaments density.
*dborisova@stil.bas.bg
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ABSTRACT

In the recent years more and more widely accepted by the Space agencies (e.g. NASA, ESA) is the policy toward
provision of Earth observation (EO) data and end products concerning air quality especially in large urban areas without
cost to researchers and SMEs. Those EO data are complemented by increasing amount of in-situ data also provided at no
cost either from national authorities or having crowdsourced origin. This accessibility together with the increased
processing capabilities of the free and open source software is a prerequisite for creation of solid framework for air
modeling in support of decision making at medium and large scale. Essential part of this framework is web-based GIS
mapping tool responsible for dissemination of the output generated.

In this research an attempt is made to establish a running framework based solely on openly accessible data on air quality
and on set of freely available software tools for processing and modeling taking into account the present status quo in
Bulgaria. Among the primary sources of data, especially for bigger urban areas, for different types of gases and dust
particles, noted should be the National Institute of Meteorology and Hydrology of Bulgaria (NIMH) and National System
for Environmental Monitoring managed by Bulgarian Executive Environmental Agency (EXEA). Both authorities
provide data for concentration of several gases just to mention CO, CO,, NO,, SO,, and fine suspended dust (PM10,
PM2.5) on monthly (for some data on daily) basis. In the framework proposed these data will complement the data from
satellite-based sensors such as OMI instrument aboard EOS-Aura satellite and from TROPOMI instrument payload for
future ESA Sentinel-5P mission. Integral part of the framework is the modern map for the land use/land cover which is
provided from EEA by initiative GIO Land CORINE. This map is also a product from EO data distributed at European
level.

First and above all, our effort is focused on provision to the wider public living in urbanized areas with one reliable
source of information on the present conditions concerning the air quality. Also this information might be used as
indicator for presence of acid rains in agriculture areas close to industrial or electricity plants. Its availability at regular
basis makes such information valuable source in case of manmade industrial disasters or incidents such as forest fires.
Key issue in developing this framework is to ensure the delivery of reliable data products related to air quality at larger
scale that those available at the moment.

Keywords: air quality, large scale map, air quality modeling, free and open source software, public awareness

1. INTRODUCTION

Air quality in urbanized areas is the most tangible issue everyone is facing. Its long and short term the impact on the
health of the people living in the mentioned areas is undisputable and data show that due to particles in the air reduce
average life expectancy by eight months and in some areas even by 36 months''). Particulate matter (PM) and some
gaseous pollutants, such as O;, NOyx and SO,, have been recognized as key environmental problem in many cities around
the world.

The air pollutants originate from almost all economic and societal activities. Due to efforts for implementation of
restrictive policies at the European, national and sectoral level have over time resulted in decreased emissions of many
air pollutants and have led to acceptable air quality levels across Europe for some pollutants, e.g. CO and Pb. Still as
main pollutants considered are the following: road transport, industry, power plants, households and agricultural
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A Comparison of Image Segmentation Algorithms
Valentina Hristova, Denitsa Borisova (BG)

Abstract

When it comes to remote sensing, recognizing each object is a top priority. The identification of the
land cover with a satellite image, for instance, is very important for the agriculture, the transport
and for most of the economics spheres. In general, the image segmentation is known as a basic
option for the process of classification. Moreover — it works as an improving element for the
performance, as well as for the accuracy.

The graph theory is a significant data that determines all the algorithmic process of the image
process. The abstract results and theories provide a support in analysis of methods. This article
explains four particular algorithms that are both — compared and examined — due to the fact that
they are graph-based image segmentations. To be more specific the best ones merge algorithm of
Beaulieu, Goldberg and Tilton, while tree merge segmentation of Felzenszwalb, minimum mean cut
segmentation of Wang and Siskind. Last, but not least, we need to mention the normalized cut
algorithm of Shi and Malik. The creators of this article will explain the basic theory and the
execution of the algorithm segmenting in details. Plus — they will meet you with several eventual
improvements to accomplish.

Introduction

The main role behind the image processing is to provide the recognition of the shapes and objects in
an image. On the other side, in this process a segment has a significant role. A segment is actually a
homogenous and adjacent part of any image. Taking a survey of a running image processing
application, it becomes clear that examining, refining and combining of already outlined segments
are featured. Meanwhile, the delineation of the segments, which is the previous process, is
momentous, too, when it comes to the quality of the results. Reading this article, you will get
familiar with four segmentation algorithms, as well as the comparisons of their different basic
theories, as well the practical implementation and experience achieved during their application.

The main goal behind this article is to make a comparison between efficiency and effectiveness of
several image segmentation algorithms, which are graph-based. In the beginning, we will speak
over the role of the segmentation in remote sensing. Then, we will continue with the basic
information about the four chosen graph-based segmentation algorithms. Last, but not least, we will
present the results from the experiments.

The important meaning of segmentation in remote sensing

The digital image process is extremely important for numerous areas in today's life. Mainly, we can
point you the most significant ones — Earth observation, as well as the medical science. The basic
goal of any image processing system is to identify all of the elements from the “reality” in an
image. There are several alternatives for a resolution of this harsh chore. Despite the different types
of images, as well as the kinds of their acquisition and processing, several general methods, known
as “building blocks” exist. The process of object recognition is executed after performing a
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Abstract

Spectrometric measurements as a part of remote sensing are used for different practical investigations. The objective of the
present paper is to check the possibility of the spectrometric measurements for detection of minerals. In the present
investigations laboratory spectral reflectance measurements of the iron-containing minerals in the visible and near infrared
(VNIR) range of the electromagnetic spectrum are performed. For the interpretation of the obtained spectrometric data and
establishing of the dependence between the content of the iron in the minerals and the reflectance value spectral
transformations are used. In brief, spectrometric measurements when properly used are a helpful technique for detection of the
minerals.

CHeKTpDMeTpI/quI/l HU3MEpPBaAHUA 3a oNpeae/JasaHe HA MUHEPAJIA

Jenuya Bopucosa

HHCTUTYT 32 KOCMUUECKH M3CNEIBAHUS U TeXHONoruu — benrapcka akagemust Ha Haykute, Codus, beirapus

dborisova@stil.bas.bg

KirouoBu AYyMHU: JTUCTAHIITMOHHU U3CJICABAHUA, CIICKTPAJIHN XapaKTCPUCTUKH, MUHCPAIA

Pesrome

CHeKTpOMETpUYHUTE W3MEpBaHMS, KAaTO 4YacT OT JUCTAaHIMOHHWUTE H3CJIEABAaHUs, CE€ H3IOJI3BAT 3a pas3IMYHU
NPOY4YBaHMsl C NpaKTH4YecKo mpuioxkenue. llenrta Ha Hacrosiiata paboTra € jJa ce NMpOBEpH BBH3MOXKHOCTTA Ha
CHEKTPOMETPUYHHUTE W3MEPBaHUS 3a Pa3lIO3HaBaHE Ha MUHEPAIH, PECIEKTUBHO IOJIE3HU U3KOollaeMu. B pamkure Ha
HACTOSIIOTO W3CIEOBAHE Ca MPOBEACHU JIAOOPATOPHU CIEKTPOMETPHYHYU H3MEPBAHMSA HA MUHEPAIUTE, ChABPIKAIIH
KeJA30, BEB BUAUMAaTa U Onmm3kara nHppadepsera (VNIR) o0xacT oT e1eKTpOMarHuTHHA CIIEKTHP. 3a THIKYBAaHETO Ha
MOJIy4eHHUTE CIEKTPOMETPUYHH JaHHH W 32 YCTAHOBSBAaHETO Ha 3aBUCHMOCTHTE MEXIY CBHIBPIKAHHETO Ha XKEIi30 B
M3yYaBaHUTE MHHEPATH W OTpa)kaTeTHaTa CIOCOOHOCT ce W3MOJN3BAT CIEKTpaltHd NpeoOpasyBanms. O0o00meHo,
CIIEKTPOMETPHYHUTE U3MEPBaHUs, KOTAaTO CE M3IOJ3BAT [IPABHIIHO, ca MOJIC3CH HAUMH 32 PAa3l03HABAaHE HA MUHEPAIIH.

Introduction

In the 1960’s laboratory study conducted mainly by Graham Hunt and John Salisbury (Hunt and Salisbury,
1970) made the pioneering laboratory reflectance measurements of reflectance variations from mineral and
rocks. Their research at the Air Force Cambridge Laboratory demonstrated the potential for remote detection
of important rock elements and specific minerals. They published their laboratory spectral measurements in
Modern Geology. Most of their laboratory spectra were measured under controlled conditions using dry,
powdered samples of relatively pure mineral substances from a wide variety of localities which are
described. Their work is in the basis of the development of spectral libraries by the U. S. Geological Survey
(USGS) and the Jet Propulsion Laboratory (JPL) of the California Institute of technology (CIT).

In the 1960’s and 1970’s study with laboratory spectrometers determined that minerals associated with
mineral deposits have discrete spectral signatures that should allow their detection and mapping in the field.
Research in the 1970’s found that clays and iron oxides, associated with mineralized systems, could be
detected in multiband image data and mapped using their broad spectral signatures. Beginning in the 1980’s,
study with prototype airborne imaging spectrometer data and ground-based spectrometers recognized groups
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HALWA

Tema: N3cnenBaHe Ha cCneKkTpanHnuTe oTpaxaTtesiHu XxapakTepuCcTtukmn Ha cKkasnm

AHoTauwus: Llenta Ha paboTaTta e ga ce npeanioxm Metogmka 3a CrnekTpoMeTpUYHN N3mepBaHus,
ypes3 KOATO Aa ce cb3aaje crnekTpanHa bubnunoteka (Cb) /6a3a gaHHW OT CNeKTpasnHu oTpaxaTesnHu
xapakrepuctukm (COX)/ 3a Buga ckanu oT Teputopusta Ha benrapusa n MmHepanHMa UM CbCTas,
KOETO € OT 3Ha4eHue 3a KannubpupaHe Ha aepoOKOCMMYECKM CEH30PU 32 ANCTAHLMOHHM U3CneaBaHus
Ha NPUPOAHM pecypcun, ona3eBaHe Ha OKonHaTa cpefa, reouankaTta, neTporpagusTa,
MUHepanornaTa u cpaBHUTenHarta nnaHetonorus. 3bpaHu ca nHTepsanu OT enekTpoMarHUTHUSA
CMEeKTbP, KOUTO Ca HaN-NOAXOASLUM 3a pasno3HaBaHe Ha CKkanv No cnekTpanHu gaHHu. MpeanoxeH e
KOHTpacTeH KoeMLUMEHT 3a KONMYecTBEHO onpeaensHe Ha pasnukn B COX Ha BMaoBeTe ckanu.
KonunyectBeHOTO onpefensiHe Ha KOHTPACTHUSA KOe(UUMEHT € N3BbPLUEHO Ype3 CUMYaLOHHO
MoJernvpaHe Ha cnekTpanHu cmecu. PaspaboTeHun ca cneumndunyHn cnektTpanHm npeobpasyBaHns 3a
KONMYeCTBEHO onpeaensiHe Ha LBETOBUTE XapakKTepUCTMKN Ha ckanu. [NpegnoxeHa e meToamka 3a
o6paboTka 1 cpaBHUTENHA UHTepnpeTaunsa Ha cnekTpanHuTe JaHHU OT CNEKTPOMETPUYHUTE
n3mMepBaHNS Ha cKanu, KOSITO BKINOYBA CPaBHUTENEH aHanms Ha: 1) NbpPBUYHUTE CMEKTPanHn SaHHK
OT PasnuyHu CNeKTPOMETPU; 2) NONyYeHUTE eKCnepuMeHTarnHn cnekTpanHn 4aHHU C eTanoHHU
TakmBa OT crnekTpanHm 6ubnmnoteku; 3) COX Ha rpynuTe o06eKTn: MUHEepanu, ckanu, Nno4ea,
pacTuTenHoct. [eHepupaHa e 6a3a gaHHM OT NbPBUYHW CMEKTParHU N3MepBaHuUs 3a CKanu Bb3
OCHOBa Ha Nosy4YeHUTe pesynTaTu OT CNeKkTpoMeTpuiHmuTe naMmepBaHus. CbagageHa e Cb Ha
n3cneggaHuTe ckanm

HayyHa cTeneH: obpasoBaTenHaTa 1 Hay4yHa cTteneH "gokrop"”

HayuyeH pbkoBoauTen: akag. Qumutbp Hukonos Muwles
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(University of Mining and Geology)

SUMMARY

In Engineering and Environmental Geophysics different methods and techniques are applied. In this paper
a remote sensing method has been tested in the segmentation of human made land covers such as open pit
mines and stone quarries. The idea is to exploit to larger extent the possibilities offered by multispectral
imagers having mind Thematic Mapper /TM/ onboard satellite series Landsat. The method has been used
in the framework of our research is to find consistent statistical dependencies between multispectral data
gathered in-situ and the corresponding ones in the 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. We have been combined ground spectrometry of stone quarry near
Smolsko village, Landsat images of region of interest /Rol/, and in-situ condition surveys for assessment
of the quarry area. For the purpose of the study geological observations, petrographical investigations,
photo documentation and in-situ spectrometric measurements have been performed.
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SUMMARY

Soil salinization as a result of natural or human-induces processes is a serious global-scale problem.
Numerous studies and efforts in assessing and controlling soil salinity have been made. Nearly sixty
percent of the salt-affected soils around the world are in irrigated farmlands, and this trend is increasing.
Salinization is a major reason for degradation of soil resources and decline of soil fertility. From an
ecological and economic point of view it is extremely important to establish the occurrence and
distribution of soil salinization as well as the intensity of the process. Remote sensing techniques are
widely used in soil surveys to detect and map salt-affected areas. However, many constrain in monitoring
and evaluating the spatial and temporal variability of the salinization process has been found out.
Difficulties also arise in applying remote sensing to the assessment of slightly affected soils. The goal of
this paper is to examine the spectral reflectance properties of soils with different degree of salinization and
the feasibility of using spectral indicators derived from Vis/NIR data as detectors of salt-affected soils and
quantitative estimators of soil salinity level.

8" Congress of the Balkan Geophysical Society
5-8 October 2015, Chania, Greece
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MPUJIOKEHUE HA CUCTEMA 3A JIJUCTAHLIIMOHHO
U3CJIEABAHE
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'Bucuwie mpancnopmno yuunuwe ,, Tooop Kabnewros“
Cogusa, 1574, ya. ,J'eo Muneg* 158
2Bmzapcm akademusn na naykume - BAH, Hncmumym 3a kocmuuecku u3cieo6anua u
mexnonocuu — HUKHT, Cogpun, 1113, ya. ,,Axao. I'eopecu bonueg“, on. 1
BBIITAPUA

Kntouoeu oymu: o6pabomxa Ha u300padicenus, aHaiu3 HA U300pANCEHUS,
NONYABMOMAMUUPAHA CUCeEMA, OMKPUBAHE HA 00eKmu

Peztome: Ilpeocmasenume aneopummu, memoou u nooxoou 3a obpabomka Ha
u30bpaicenus ca nooxooswu 3a pewiagaxemo Ha nocmasenama sadaua. Cucmemama e
CLEKYNHOCT OM AJI2OPUMMU, KOUMO 8ede ca Ounu paspabomenu u mexHume NOJONCUMETHU U
ompuyamennu yepmu ca uzgecmuu. le ca npunodceHu no ONMUMALEH HAYUH 6 ACHA U
JIOCUYHA NOCTIe008AMENTHOCHL, KOSIMO € CbUecmeeHa 3a NOIYAGMOMamusupanama cucmemd.
Tonyasmomamusupanuam npoyec 3HAYUMENTHO HOBUULABA CMENeHma HA OMKpueaHe Ha
obexmume, HAOIOOABAHU 8 U30OPAIICEHUEMO, CNeCMABAUKU 8peMe U CPeOCMB8Ad HA KPAUHUSL
nompebumer, 6 ciyuai, ye ce pewasa KoHkpemer npooiem. Obpabomkama u aHAIU3bM HA
uzobpadicenuama e ¢ KpauHa yeil CpPAHeHue U aHAIU3 Ha pe3yimamume, OMHOCHO
HabO00asaHume Xapakmepucmuku Ha obexmume 6 u3obpadcenuemo. Ilpeocmasenama
cucmema npUmeNcasa sICHA NPAKMu4ecKa Haco4eHoCm.

BBBEJEHUE

[TbTHaTA CUTHANM3AIMS W 3HAIM HU TpeJaBaT Pa3IndHHU ChOOIIEHHUs, Kacaela ce 3a
CHhCTOSIHUETO HA ITHTS M 32 TOBA KaKBO MOTar Jia o4akBaT mogeopure. [1o Ta3u nmpudunHa, ako
OBJaT Cra3BaHM MPABUIIHO, TE CIIOMArar 3a MOJIbP)KaHETO Ha JUCIUILINHATA 110 IMHTHIIATA.
[TocTaBsHETO MM cTaBa MO HAYMH, KOWTO JIa € BHB BUAMNMOCTTA Ha IMIOPHOPUTE, KOSTO UM
roMara Jia MpereHsAT MbTHaTa 0OCTaHOBKA, KaKTO € ONKCaHa Ha 3HaKa M aKo ce Hajara Ja
MPOMEHST cKopocTTa [1].

Pasno3naBaHeTo Ha MTHTHH 3HALM B JIJCHO M300paKEHHUE € OT OCOOCHO 3HAYCHWE,
3a0TO TOBa  Cllara OCHOBAa Ha  pa3pa0OTBaHETO HAa  aBTOMATHU3HMpPaHW WU
MOJTyaBTOMAaTU3UPAaHU CHCTEMH, KOMTO OWXa MO3BOJMJIM Ha BojJaya Ja Oble IMOAajcHa
uHpOpMAaITUs 3a 3HaKa, HETOBOTO 3HAYEHUE U T.H., IOKATO YIPaBJIsBA MPEBO3HOTO CPEACTBO.
TakaBa uH(popmarmss OM Owia ToJe3Ha, aKO € aKTyalHa, MOJy4YeHa HaBpeMe, MPaBHIHO
aHAIM3MpPaHa U TPEIHU3HO WHTEpIpeTHpana. TakuBa CUCTEMH ca B MpoIlec Ha pa3paboTka U
npejcTaBeHaTa paboTa UMa 3a el Ja MPEICTaBH €WH OT HAYMHUTE, 0 KOUTO MOXE Ja ce
OCBIIECTBH OBP30 U e(PEKTHBHO Pa3IIO3HABAHETO Ha OOCKT, M TIO-TOYHO: ITBTHU 3HAIIH, KOUTO
ce HabrogaBaT B M300paskeHue (He BB BUICO-TIOTOK).

VIII-90
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Pesome: B pabomama ca cucmemamu3upaHu OCHOB8HU rpusiazaHu nodxo0u u rosyyasaHu
pesynmamu rpu U3MbjIHEHUE Ha rnpouedypu 3a criekmpasHa Xxapakmepusayusi Ha eudeocreKmpoMempuyHU
npubopu 8 nabopamopHu ycnosusi. OnucaHu ca enasHUmMe CcriekmpasnHu xapakmepu3auuoHHU yHKUUU Ha
UHCMpyMeHmume om mo3u Krac u memodume 3a msxHomo onpedensHe. [lpedcmaseHu ca 4Yacm om
pesynmamume, rosy4asaHu 8 rpoueca Ha fiabopamopHa xapakmepu3ayusi Ha 8UuOeoCrneKmpoMempu ¢ 8UCOKa
criekmparsnHa u npocmpaHcmeeHa pasdesiumeriHa crnocobHocm (xunepcrnekmparnHu npubopu). Bb3 ocHoea Ha
aHanu3 Ha rnoslyyeHume pesynmamu € CUHme3upaH U rpeodrioXeH MNPUMEPeH an2opumbM 3a criekmparnHa
Xapakmepus3sauusi Ha UOe0CreKmpoMempuUYHU Mpubopu.

SPECTRAL CHARACTERIZATION OF IMAGING SPECTROMETRIC DEVICES

Valentin Atanassov, Denitsa Borisova, Hristo Lukarski, Boyko Tzenov

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: vatanassov@space.bas.bg

Keywords: imaging spectrometers, spectral characteristics, procedures for spectral characterization

Abstract: In the article are considered and systematized basic approaches and applied procedures for
spectral characterization of imaging spectrometer devices . The main spectral characteristics of the instruments
and methods for their determination are described. A part of the results obtained in the characterization process
of the imaging spectrometers with high spectral and spatial resolution (hyperspectral instruments) are shown.
Based on analysis of results is proposed an exemplary algorithm for spectral characterization of imaging
spectrometer devices.

1. BbBegeHue

BupeocnektpomeTtpute ca npubopu 3a nonydaBaHe Ha CrekTpanHu n3obpaxeHus B HAKOMKO
Unu gecetkM UNM CTOTUUM (XMnepcnekTpanHu npubopu) CnekTpanHu fNeHTUM OT eneKkTPoOMarHUTHUS
cnekTbp. [NocpeacTsomM nM3mepBaHETO Ha NPUCTUrALLIOTO NbYEHME OT BCEKU MPOCTPAHCTBEH €MneMeHT
Ha HabniogaBaHaTa MNOBBLPXHOCT MOXe [Jda 6bae HanpaBeHa [AUMPEeKTHa WM MHAOMPEKTHa
naeHtTudurkaumss Ha HabnogaBaHuTe OOEKTM OT MOBBPXHOCTTA, WM3MON3BalKW CNeuMpUYHUTE UM
MONeKynsipHn abcopbumoHHn cBoncTBa. [lpocTpaHCTBEHaTa CbCTaBHa Ha MOMyYEHUTE LaHHU
no3BofisiBa u3rpaxgaHe Ha kapTa Ha MOBBPXHOCTTA C TSAXHOTO KONMYECTBEHO pasnpegenenve. pu
XvnepcrnekTpanHuTe npubopu Te3n AaHHW ce OTnMYaBaT C BMCOKAa CMeKTpanHa M MpoCTpaHCTBEHA
pasgenutenHa cnocobHocT [1,2].

2. OCHOBHM CMNeKTpanHn Xxapaktepu3aumMoOHHU (*)yHKLIMM

CnekTpanHaTa xapakTepusauusi ce U3ronsea 3a Bepudukauusi Ha OCHOBHWTE CMEKTpasiHu
byHKUUM Ha BUAEOCNEKTPOMETpPUYHM npubopu. KaTo TakvMBa ce siBABAT CniekTpasiHa XapaKTepucTuka
Ha YyBCTBUTEIHOCT, CNeKTparnHa gucrnepcHa yHKUMs, CriekTpanHa pasgenuTtenHa cnocobHocT v ap.
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Pe3rome: B pabomama ca onucaHu OCHOBHU Xapakmepucmuku Ha 8udeocrnekmpomempuyHuU rnpubopu
enusiewu ebpxy paduomempuyHama MOYHOCM Ha UHCMpyMeHmume, nocoYeHU ca mMemodume 3a MSXHOMO
onpedensiHe U ca npedcmaseHU ca 4Yacm om pesysqmamume, rofy4yasaHu 8 rnpoueca Ha rnabopamopHa
Xapakmepusauyusi Ha eudeocrneKmpoMempu C 8UCOKa CriekmpanHa U npocmpaHcmeeHa pa3denumesHa
crnocobHocm. Pe3ynmamume ca 0606weHU 8 npednoXxeH MPUMEPEH ansopumbM 3a paduoMempuyHa
Xxapakmepu3ayusi Ha 8UOe0oCcrnekKmpoMempuyHuU rnpubopu.

RADIOMETRIC CHARACTERIZATION OF IMAGING SPECTROMETERS

Valentin Atanassov, Denitsa Borisova, Georgi Jelev, Hristo Lukarski

Space Research and Technology Institute — Bulgarian Academy of Sciences
e-mail: vatanassov@space.bas.bg

Keywords: imaging spectrometers, radiometric characteristics, procedures for radiometric
characterization

Abstract: In this work are described basic radiometric characteristics of imaging spectrometers defining
radiometric accuracy of the instruments and are referred the methods for their determination. A part of the
results obtained in the process of laboratory imaging spectrometers characterization are presented. The results
are summarized in a proposed algorithm for radiometric characterization of imaging spectrometer devices.

1. BbBegeHue

BugeocnektpomeTpute ce yCTaHOBMXa KaTO OCHOBEH WHCTPYMEHT 3a wusnegBaHe Ha
NoBbpPXHOCTTa Ha 3emsaATa. Bucokata cnektpanHa U MpPOCTpaHCTBEHA AMMEHCUOHANHOCT Ha Teau
npubopn npaBn Bb3MOXHO OTAENAHE Ha TeCHWM ChekTpanHuW INMHMM uUnM 4YacT oT obnactu ot
€NeKTPOMarHUTHMUS CNekTbp, MPUCBLCTBALM B MOBEYETO O0EeKTU OT u3crnegBaHata MOBBLPXHOCT.
TakaBa MoOLLUHa BB3MOXHOCT, KOSITO MO3BONSABA e€AWH 3agbniboveH aHanm3 Ha uandveckuTe,
OronorMyHn n 6Mon3NYHK NPoLLECH, a CbLLO Taka M Ha AMHAMMUKAaTa Ha Te3u Mnpouecu, € 0cobeHo
Ba)XKHa 3a NPUNOXEHUSATa Ha OUCTaHLUMOHHUTE n3cnensanus [1,2].

EoHM OT Ham-BaXHWTE XapakTepPUCTUMKM C KOWUTO Cce onucBaT nopobHu npubopm ca
XapakTepUCTUKNTE, CBbP3aHn C onpedensHe Ha paguomeTpuyHuTe My nokasatenu. bes nogxoaswm
npueTn MeToam 3a OTHacsiHE Ha n3amepeHUTe POTOHN KbM CTOMHOCTUTE Ha paguauusita Ha Bxoga Ha
npubopa cHeTuTe AaHHM He Buxa mMornuM Aa 6baaT U3Non3BaHW OT HayyHaTa M ynpasreHvyecTata
obuwHocTn. MeToauTe, OTHacAWM Cce [0 Te3nM KONMUYECTBEHW CbOTHOLLUEHUS  BKMNHOYBAT
KannbpaumoHHMA NpoLeC KaTo Bpb3ka Mexay Tes3n BenuuMHU. TepMUHbT kanubpupaHe e u3nonssaH
YeCcTO KaTo eauH no obLy TepMMH 3a O3HayaBaHe Ha KOMMIEKCHUTE MPOLIECU 3a XapakTepusauus,
kanvbpupaHe 1 noTBbpxaaBaHe (validation) Ha OCHOBHUTE TEXHUYECKN XapaKTEPUCTUKM Ha npubopa.
XapaKkTepunsaunoHHUAT Mpouec npeanonara YCTaHOBABAHE Ha OTKNMKA Ha WHCTPYMEHTa Mo
OTHOLLEHME Ha MpucTMrawjata Ha Bxoda Ha ceHsopa paauaums [1,2,3]. Heobxogumo e pga ce
oTbenexu, Ye To3M NpoLec He Moxe Aa ObAe M3NoN3BaH 3a OTCTPaHsABaHe WM KOMMEHCUpaHe Ha
€BEHTyanHn He JOOpY TEXHUYECKN XapaKTEPUCTUKU Ha cucTemaTa, AeTEPMMHUPaHU OT eTanuTe Ha
KOHCTpyupaHe. KpaiHuaT pesynTaTt OoT TO3M MpoLec € nonyyaBaHe Ha eanH OTHOCMTENHO He3aBUCUM
OT CeH30pa curHarsm, KOMTo Moxe Aa 0bae M3non3eaH 3a 6bAeLUn aHanmMamn B CNEKTPOCKONUATA.
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