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Purpose. The main goal is to detect sites of illegal extraction of amber, to determine the areas of the sites, as well
as to evaluate the dynamics and nature of the change of soils, vegetation and water bodies on the affected territories.

Methodology. For the quantitative evaluation of the consequences of illegal extraction of amber, a technology of
processing images from satellites Landsat 7 (ETM imaging device) and Landsat 8 (OLI imaging device) is proposed.
Image processing includes the following main stages: reduction of the dimensions of data arrays with the use of the
Principal Component Analysis (PCA); creation of a differential image for the two first main components of the given
territory taken at different times; subsequent threshold binarization of the differential image; morphological filtering
of the binary image, vectorization and calculation of geometrical parameters.

Findings. An effective technology of automated detection of illegal amber extraction sites and determination of
their areas with the use of satellite images was proposed. Processing of multispectral images of a medium spatial reso-
lution from satellites Landsat 7 (ETM imaging device) and Landsat 8 (OLI imaging device) was carried out with the
purpose of determination of the boundaries of the areas affected by the illegal amber extraction and evaluation of their
area. Only on the territories selected for the analysis, the area of territories affected by illegal extraction of amber
amounted to over 500 hectares. A detailed analysis of changes after the illegal extraction of amber was carried out for
certain territories with the use of high spatial resolution satellite images (2002—2015).

Originality. Unlike the known methods of detection of changes on territories using Landsat satellite images taken
at different time, which are based on the use of data of panchromatic channels and indexed images using only two
spectral channels, the proposed method is capable of more accurate determination of affected areas owing to analysis
of all spectral channels with the use of the Principal Component Analysis. Besides, the proposed technology provides
a possibility to analyze temporal changes on the affected territories during long observation periods with the use of
created vector layers with attributive information.

Practical value. The developed method can be implemented in the form of a web service for regular space monitor-
ing providing unbiased and reliable information as for the scales and severity of consequences of illegal amber extrac-
tion. An important advantage of this method is a high degree of automation of satellite image processing and the use
of Earth remote sensing data available in free access on the Internet. The potential users of such a web service are state
regulating organs, emergency services, the police, forestry and municipal services, environmental organizations, radio
and TV companies and other mass media, and also the population living near the territories affected by illegal extrac-
tion of amber.
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Introduction. Remote Sensing currently offers an
important tool to the synoptic and timely evaluation of
natural resources over large areas [1, 2]. Images of mod-
ern remote-sensing systems allow us to solve various
problems such as carrying out operational monitoring of
land resources, city building, monitoring state of the en-
vironment and influence of anthropogenic factors, de-
tecting contaminated territories, unauthorized build-
ings, estimating the state of forest plantation and other
[3-6].

Ukraine holds one of the world’s leading positions in
its deposits of amber. At that, the share of the jewelry
grade stones make 25 %, while in Poland and Russia, it
is 10 to 15 percent. Amber in Ukraine is deposited at low
depth and is of very high quality, which makes the coun-
try one of the leaders in deposits of this resource. The
most valuable grades of amber are found in Rivne re-
gion, where there is one of the biggest deposits of jew-
elry grade amber in Ukraine.

Unsolved aspects of the problem. In three regions of
Ukraine — Volyn, Zhytomyr and Rivne regions — illegal
extraction of amber is organized, which causes irrepa-
rable damage to the environment. For instance, in
Rokytne, Dubovitskyi and Zarechnianskyi administra-
tive districts of Volyn region 11 sites of illegal extraction
of raw amber have been detected. Near Olevsk town of
Zhytomyr region, illegal mining of minerals destroyed
thousands of hectares of the land and forests. The ex-
traction is done with a barbaric method — a canal is dug
out with an excavator and filled in with water, a motor-
ized pump feeds water through fire hose into a long met-
al pipe pressed into the sandy soil to the depth of 15 m.
The pressure of water turns the soil into liquid suspen-
sion, and amber, which is less dense than other soil
components, floats up, where it is fished out with nets.

This method of extraction, though the cheapest, is
prohibited in Ukraine because of its destructive effect
on the environment. After extraction done with this
method, deep pits remain in which the soil, after being
sifted with the use of water, remains soaked. For many
years, this land remains unsuitable either for growing
forests or for agriculture. Huge territories have appeared
where forest is destroyed, the structure of soil cover is
modified and water resources cannot be used appropri-
ately. The abandoned sites of extraction of amber turn
into practically lifeless deserts unsuitable for further
use.

Objectives of the article. The main tasks of the satel-
lite monitoring of consequences of illegal amber extrac-
tion are:

- detection of the territories of illegal amber extrac-
tion and determination of their area;

- detection of violation of acting rules of industrial
and legal extraction of amber;

- monitoring of activities on the territories affected
by illegal extraction of amber;

- analysis of consequences of illegal extraction of
amber including monitoring of the dynamics and nature
of changes of soil, vegetation and water bodies.

The input data. The territory of observations is the
north of Rivne region, Vladimirets district.
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The main requirements to satellite images for the
monitoring of consequences of illegal extraction of am-
ber are as follows:

- the images should be of the same territory and tak-
en in the same season;

- the image acquisition should be done with the im-
aging systems of the same type (comparison of images is
possible only if the spectral bands of the imaging sys-
tems are the same);

- images should be of the same or close resolution,
otherwise the images will contain different information
about objects.

For a satellite survey monitoring of the consequenc-
es of illegal extraction of amber medium resolution im-
ages from satellites Landsat 7 (ETM imaging device)
and Landsat 8 (OLI imaging device) can be used. In this
work, multispectral images of the required territory tak-
en from Landsat 7 in 2002 and Landsat 8 in 2015 were
applied. For a detailed analysis of consequences of ille-
gal extraction of amber, a tile of high resolution multi-
spectral images was used.

Methodology. For the quantitative evaluation of the
consequences of illegal extraction of amber the images
of the required territory were processed. The main stag-
es of processing Landsat satellite images are:

- preliminary operations (selection of the territory of
interest, search for satellite images by date and checking
the quality of the image). At this stage, an effective ap-
proach is to use the technology of fusing data with the
purpose of increasing the information value of the
source images [7—9];

- principal component analysis (PCA) of multispec-
tral satellite images [10];

- making a differential image for PCA channels of
two images of the required territory taken at different
times;

- threshold binarization of the differential image [11,
12];

- morphological filtering of the binary image;

- vectorization and calculation of geometrical char-
acteristics;

- visualization of the changes on a map and export in
kml format.

A Landsat image can be expressed in matrix format
in the following way [10]

Xp=| &t (1

where n represents the number of the pixels and b is the
number of bands. Considering each band as a vector, the
above matrix can be simplified as follows

where k is the number of bands.
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To reduce the dimensionality of the original bands
the eigenvalues of the covariance matrix must be calcu-
lated. This matrix can be calculated as follows [10]

61,1 61,6
Cb,b = >
G6,1 66,6
where o;; is the covariance of each pair of different
bands.

o, =" lsz ~W)DN,,—1) ()

where DN, ; is a digital number of a pixel p in the / band,
DN isa dlgltal number of a pixel p in the j band, p;and
are the averages of the DN for the i and j bands, re-
spectively.
From the variance-covariance matrix, the eigenval-
ues (A) are calculated as the roots of the characteristic
equation

det(C—-Al) =0,

where C is the covariance matrix of the bands and [/ is
the diagonal identity matrix.

The eigenvalues indicate the original information
that they retain. From these values the percentage of
original variance explained by each principal compo-

nent can be obtained calculating the ratio of each ei-
genvalue in relation to the sum of all of them. Those
components which contain minimum variance and
thus minimum information can be discarded. The
principal components can be expressed in matrix form
[10]

yl 1
y Wi We
_ 2 | _ 2
Y6 N R >
w w
6,1 6,6
Vs X

where Yis the vector of the principal components, W'is
the transformation matrix, and X is the vector of the
original data.

The coefficients of the transformation matrix W are
the eigenvectors that diagonalizes the covariance matrix
of the original bands. These values provide information
on the relationship of the bands with each principal
component. From these values it is possible to link the
main component with a real variable. The eigenvectors
can be calculated from the vector — matrix equation for
each eigenvalue 2,

(C— }\’kl)wk = 0

where A is the k eigenvalues (six in our example), and w;
is the k eigenvectors [10].

Fig. 1. Change detection (area No. 1):

a — a fragment of an image from Landsat-7 as of 6 September 2002 (PCA channel); b — a fragment of an image from Landsat-§
as of 4 October 2015 (PCA channel); ¢ — detected changes (red color highlights sites affected by illegal extraction of amber)
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Fig. 2. Change detection (area No. 2):

a — a fragment of an image from Landsat-7 as of 6 September 2002 (PCA channel); b — a fragment of an image from Landsat-8
as of 4 October 2015 (PCA channel); ¢ — detected changes (red color highlights sites affected by illegal extraction of amber)

Results of work. Fig. 1 shows the results of detection According to the data of Landsat satellites, only on
of changes on the required territory in the multispectral the monitored territory, the area of lands affected by il-
images of Landsat 7 and Landsat 8 (area No. 1). Fig. 2 legal extraction of amber made over 500 hectares. Fig. 3
shows the results of detection of changes on the required shows the results of detection of changes on the required
territory in the multispectral images of Landsat 7 and territory by multispectral high resolution images (area
Landsat 8 (area No. 2). No. 3).

Fig. 3. Detection of recent extraction sites on the required territory on the base of high resolution multispectral images (a
fragment of area No. 3)
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According to the results of processing of high reso-
lution images the area of the territory affected by fresh
sites of illegal extraction of amber made over 138 hect-
ares. Also, a detailed visual analysis of the dynamics of
changes in the aftermath of the illegal extraction of am-
ber on the required territory (area No. 3) was carried
out with the use of high resolution satellite ima-
ges (Fig. 4).

Conclusions. It is important to insist on and monitor
the use of modern methods of extraction of amber, for

instance, with the help of a web service for regular satel-
lite monitoring of illegal extraction of amber. The users
of such a service can be:

- state supervising structures, emergency services
and police (fighting illegal mining);

- forestry services (detection of violation of acting
rules on allocation of land plots for licensed extraction
of amber);

- municipal services (unbiased evaluation of the
scale and severity of the consequences and determina-

New extraction
sites

Agrictltural lands

N New extraction sites

Fig. 4. Dynamics of changes caused by illegal extraction of amber on the required territory (area No. 3) in 2010—2015
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tion of the damage caused by illegal extraction of am-
ber);

- environmental service (carrying out measures for
restoration of the territories damaged by illegal extrac-
tion of amber);

- TV, radio and other mass media companies (cam-
paigns against illegal extraction of amber);

- population living near the territories affected by il-
legal extraction of amber (obtaining of unbiased and re-
liable information about the scale and severity of conse-
quences of illegal extraction of amber) — the most nu-
merous user.

Norms as for further restoration of lands, labor con-
ditions, environment protection, as well as transporta-
tion, storage and sales of amber, should be fixed in legis-
lation. This will make it possible to develop regions rich
in amber deposits from the social point of view: to re-
duce unemployment, improve social protection of the
population, fill local budgets and protect the environ-
ment of these territories.
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Meta. BusiBjieHHsI Micllb HE3aKOHHOTO BUIOOYTKY
OypIITUHY, BU3HAYEHHS ILION] PO3POOOK, a TaKOX
OllIHKA TMHAMiKU Ta XapaKTepy 3MiH IPYHTY, POCIUH-
HOCTI i1 BOTOM Ha MOCTpaXaaaux TEPUTOPIsiX.

Metoauka. 15 KiTbKiCHOT OLIIHKY HACJIiIKiB He3a-
KOHHOTO BUAOOYTKY OYPIITHHY 3allpOIIOHOBAaHA TEX-
HoJIOTisI 00OpOOKM 3HIMKIB i3 cymyTHuKiB Landsat 7
(3niManbHUi ipmiiag ETM) i Landsat 8 (3HiManpHMI
npunaa OLI). O6pobka 3HIMKIB BKIIIOYAE HACTYIHI
OCHOBHI €TaIu: 3HUXXEHHS pO3MipHOCTI JaHUX 3a JI0-
IIOMOIOI0 METOAY TOJIOBHMX KomIiloHeHT (Principal
component analysis — PCA); cTBopeHHsI pi3HULIEBOTO
300pakeHHsI ISl MepIINX TOJIOBHUX KOMITOHEHT JBOX
pi3HOYACOBUX 3HIMKIB 3aJaHOi TEPUTOPii; Mmomablia
rnoporosa OiHapu3allis Pi3HULIEBOTO 300pa’keHHSI;
MopdoJioriuHa (GinbTpalliss 6iHapHOTO 300pa’keHHs;
BEKTOPH3Allis Ta PO3PaXyHOK T€OMETPUIHMX XapaKTe-
PUCTHK.

Pe3yabpraTn. 3ampornoHoBaHa e(eKTHMBHA TEXHO-
JIOTiST aBTOMaTU30BaHOTO BUSIBJICHHSI MiCIIb HE3aKOH-
HOTO BUIOOYTKY OYPINTMHY Ta BU3HAYCHHS ILIOIII
pO3p0O0OK 3 BUKOPUCTAHHSIM CYNMYTHUKOBMX 3HIMKIiB.
BukoHaHa 06poOKa baraTocneKkTpaJlbHUX 3HIMKIB ce-
PEIHBOTO MPOCTOPOBOIO PO3Pi3ZHEHHS i3 CyMyTHUKA
Landsat 7 (3HimanbHuii npuiag ETM) i Landsat 8
(3HiManbHUt mpuaan OLI). Tiabku Ha aHaTi30BaHUX
TePUTOPISIX TIOIIA TIISTHOK, 110 MOCTPaXKIaIu BiJ He-
3aKOHHOIO BUIOOYTKY OypIUTHHY, CKJajla MOHaj
500 ra. [TpoBeneHo aeranbuuit ananiz (2002—2015 pp.)
IMHAMIiKU 3MiH IiCJI He3aKOHHOTO BUIOOYTKY OypIiI-
THHY Ha OKPEeMHUX IiJITHKAX 3 BUKOPUCTAHHSIM CYITyT-
HUKOBUX 3HIMKiB BHUCOKOTO ITPOCTOPOBOIO pPO3pi3-
HEHHSI.

HaykoBa HoBu3Ha. Ha BinMiHy Bin BimoMux MeTONiB
BUSIBJICHHSI 3MiHM TEPUTOPiii 1O Pi3HOYACHUM CYMYT-
HUKOBUM 3HiMKaM Landsat, siki 6a3yloTbcsl Ha JaHUX
MaHXPOMaTUYHUX KaHadiB i iHAEKCHUX 300pa’keHb,
110 BUKOPUCTOBYIOTh TiJIbKM JTaHi TBOX CIEKTPATbHUX
KaHaJliB, 3alpOMIOHOBAaHA METOAUKA NO3BOJISIE OLTbII
TOYHO BUSIBJISITU MOCTpaXasi MiSSHKA 3aBASKYA aHa-
JIi3y BCiX CHEKTPAIIbHUX KAHAJIIB i3 3aCTOCYBAHHSIM ITe-
petBopeHHS rooBHnX KoMrnoHeHT (PCA). Kpim Toro,
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3apoIIOHOBAaHA TEXHOJIOTisI Hala€ MOXKJIUBICTb aHaJTi-
3yBaTU YacOBi 3MiHU Ha MOCTPaXAAIUX MiISTHKAX s
TPpUBAJIUX MEPioAiB CIOCTEPEKEHHS, BUKOPHUCTOBYIO-
YU CTBOPEHI BEKTOPHI IIapU 3 aTpUOYTUBHOIO iH(pOP-
Malli€lo.

IIpakTuunHa 3HaumMicTh. Po3pobiieHa MeTomuka
MoXe OyTH peali3oBaHa Y BUIJISIAI BeO-CIy:KOU pery-
JISPHOTO KOCMIiYHOTO MOHITOPMHIY, 110 3a0e3neuye
OTpUMaHHS 00’€KTUBHOI Ta JOCTOBipHOI iHMopMallii
11010 MacIUTabiB i TSKKOCTI HACHiNIKIB HE3aKOHHOTO
BUAOOYTKY OyplITUHY. ICTOTHUMU mepeBaraMy JaHOL
METOJUKHU € BUCOKMIA CTYIiHb aBTOMaTU3al1lii 00poOKU
CYIIyTHUKOBMX 3HIMKIB i BUKOPUCTAHHSI HAaHUX IUC-
TaHIITHOTO 30HIYBaHHS 3eMJIi, IO 3HAXOMSATHCS Yy
BiibHOMY noctyri B mepexi IntepHer. KopucryBaua-
MU TaKoi BeO-CIy>KO0M MOXYThb OYTU JepKaBHi KOHTPO-
JIIOIOUi CTPYKTYpPH, CIIy>KOU 3 OOpOTHOM 3 Haa3BUYali-
HUMU CUTyalLlisIMM, TOJIiLlis, JdicoBa i1 MyHillMMaJabHi
CITy>KOM, €KOoJIoTiyHa ciyxk0a, TeJaepalaioKoMIaHil Ta
iH111i 3aco0u MacoBoi iH(opMallii, a TAKOX HaceJeHHs,
sIKe TIPOXUBAE MOOJIU3Y TEPUTOPil, MOCTPakKAaTIUX Bill
HE3aKOHHOTO BUAOOYTKY OYPIUTHUHY.

KmouoBi cioBa: ducmanuiiine 30H0y8anHs, cynym-
HUKOBUL MOHIMOPUHE, 6A2amMOCneKmpanbHi 3HIMKU, 8U-
000ymok 6ypuimuHy, nepemeopeHHs: 20108HUX KOMHNO-
HeHm

Lenb. BrisgBieHue MeCT HE3aKOHHOI 100bIYU
SIHTapsI, oTpeneeHNe TUIoIIaaeii pa3paboToK, a TaKxKe
OlLIEHKAa TMHAMMKU U XapakTepa M3MEHEHUIl IOYBHI,
pPacTUTEJILHOCTU 1M BOIOEMOB Ha MOCTpPadaBIIMX Tep-
PUTOPUSIX.

Metoauka. [lysi KOJIWYECTBEHHOUW OLIEHKU IIO-
CJIEICTBUIA HE3aKOHHOM TOOBIYY STHTAPS MpelIoKeHa
TEXHOJIOTUSI 00pabOTKM CHUMKOB CO CIyTHUKOB
Landsat 7 (cweemounsbrii mpuoop ETM) u Landsat 8
(cvemounbrit mpubop OLI). O6paboTKa CHUMKOB
BKJTIOYAET CJICTYIOINE OCHOBHBIC 3TAIIbI: ITOHKCHUE
pPa3MEpPHOCTU NAHHBIX C TTOMOIIBIO METOJA TJIABHBIX
kommnoHeHT (Principal component analysis — PCA);
CO3laHMe Pa3HOCTHOTO M300pakeHUs IS TepPBBIX
IJIAaBHBIX KOMIIOHEHT NBYX Pa3HOBPEMEHHBIX CHUM-
KOB 3aJaHHOI TeppUTOPUH; MOCIeAylollas Moporo-
Basi OMHapu3alMsl Pa3HOCTHOTO U300paKeHUs; MOP-
¢onoruueckast puiabTpanusi OMHAPHOTO M300paxe-
HUs; BEKTOPU3AIIMS M pacyeT IeOMETPUYECKUX Xa-
PaKTEepPUCTHUK.

PesyabTatel. [1pemioxena acbdekTUBHAS TEXHOJIO-
TUsI aBTOMaTU3UPOBAHHOTO BEISIBIICHUSI MECT HE3aKOH-
HOW MOOBIYM SHTAPSI M OTpeneSIcHUS TUIOMIaneii pa3-
paboTOK C MCITOJb30BAHUEM CITYTHHMKOBBIX CHHMKOB.
BreinonHeHa o6paboTKa MHOTOCHEKTPaIbHbIX CHUM-
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KOB CpPEIHETO IIPOCTPAHCTBEHHOIO pa3pelleHUs CO
cinytTHuka Landsat 7 (cweemouHblli mpudop ETM) u
Landsat 8 (ceemounnlii ipr6op OLI). Tonbko Ha aHa-
JIM3UPYEMBIX TEPPUTOPUSIX IUIONIIAAb YYaCTKOB, IIO-
CTpalaBIIMX OT HE3aKOHHOW MOOBIUM SIHTapsl, COCTa-
Buna Oosiee 500 ra. IlpoBenmeH neTanbHBII aHaIU3
(2002—2015 rr.) IMHAMMKW U3MEHEHMIi Tociie He3a-
KOHHOI TOOBIYM STHTAPST Ha OTIEIbHBIX yJacTKaX C UC-
MTOJIb30BAaHUEM CITYTHUKOBBIX CHUMKOB BBICOKOTO
IIPOCTPAHCTBEHHOTO pa3pelIeHUSI.

Hayunast HoBU3HA. B oT/IMuMe OT M3BECTHBIX METO-
IIOB BBISIBIICHUSI U3MEHCHUST TEPPUTOPUIA TI0 Pa3HOB-
PEMEHHBIM CITYTHUKOBBIM CHMKaM Landsat, KoTopsie
06a3upyroTCs Ha JAHHBIX TTAHXPOMATUIYECKNX KaHAJIOB
1 MHICKCHBIX M300paKeHU, UCTIONB3YIOIINX TOJIHKO
TMaHHBIE IBYX CIIEKTPAIbHBIX KAHAIOB, MPEIIOKEHHAS
MEeTOAMKa MO3BOJIIeT 00Jiee TOYHO BBHISBISITH NTOCTPa-
JaBIlIMe yJacTKU OJaromapsi aHaJIu3y BCeX CIeKTpaib-
HBIX KaHaJ0B ¢ MPUMEHEHHEM Mpeodpa3oBaHuUsl IJ1aB-
HbIx KoMIoHeHT (PCA). Kpome Toro, nmpenioxeHHast
TEXHOJIOTHSI TIPEIOCTABJISIET BO3MOXKHOCTh aHAIN3M-
poBaTh BpeMEHHBIC W3MEHEHMS Ha ITOCTpamaBIINX
yJacTKax IJIsT IUIUTEIbHBIX TIEPUOIOB HAOIIONCHUS,
HCTIONIB3YsI CO3MAHHBIC BEKTOPHEIC CJIOW C aTPUOYTUB-
HOW nH(OpMaILei.

IIpakTHyecKas 3HaYMMOCTh. Pa3paboTaHHasT MeTO-
KA MOXET OBITh peajn30BaHa B BUIE BeO-CIIyKObI
PeryJIsIpHOTO KOCMHUYECKOTO MOHUTOpPUMHTra, obecre-
YUBAIONIETO TOJyYeHe OObEKTUBHOM M JOCTOBEPHOM
nH(GOpPMALMM OTHOCUTEIBHO MACIITA00B U TSXKECTU
MOCAEACTBUI He3aKOHHOW mo0biuu siHTaps. Cyiie-
CTBEHHBIMM MPEUMYIIECTBAMA TaHHOW METOIUKU SIB-
JISTIOTCSI BBICOKAsI CTETIeHb aBTOMAaTH3alu 00pabOTKH
CITYTHUKOBBIX CHUMKOB W WCITOJTb30BaHNUE TAHHBIX
MTUCTAHLIMOHHOTO 30HAMPOBAHMS 3¢MJIA, HAXOMSIIINX-
cs1 B cBOOOHOM noctyre B ceti MHTepHert. [Tonb3oBa-
TEJISIMU TaKOil BEO-CITYy:KOBI MOTYT SIBJIITHCSI TOCYIApP-
CTBEHHBIC KOHTPOJMPYIOIINE CTPYKTYPHI, CIYKOBI 1O
Oopb0e C upe3BblYAMHBIMU CUTyaLUSIMU, ITOJULIMS,
JIeCHass M MYHUIIUIIAJIbHBIC CIIYy>KObI, 3KOJOTHYECKas
cIyx0a, TeJepaIioOKOMIaHUMU U IPYTHe CPENCcTBA Mac-
COBOIi MH(opMaLINK, a TAKXKE HACEJIEHUE, TTPOXKUBAI0-
11ee BOJIM3U TePPUTOPUIA, TOCTPaTaBIIMX OT HE3aKOH-
HOW JOOBIYM STHTapS.

KmoueBble ciaoBa: ducmanuuornoe 30HOUposaHue,
CNYMHUKOBbIII MOHUMOPUHR, MHO2OCHEKMPAAbHble CHUM-
Ku, dobblua sHmaps, npeodpaz’oearue eAasHbIX KOMHO-
HeHm
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