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Purpose. Development of a method for automated processing of satellite images, which would provide higher
reliability and efficiency of determining the area of mining-related deforestation by the data of multispectral space
imaging.

Methodology. For identification and quantitative evaluation of the deforested area a method for processing images
from Landsat 7 and Landsat 8 satellites was developed, which includes the following stages: threshold binarization of
the indexed image; morphological filtering of the binary image; vectorization of the binary image, determination of
boundaries and area of vegetation; formation of the differential image, binarization, vectorization and determination
of the boundaries and area of clearings; visualization of changes on the digital map, recording of attributes of the
objects (areas of deforestation) into a dbf file and export of the vector layer into a kml-file.

Findings. The proposed method provides a possibility to perform detection of territories and determination of the
areas of illegal logging as a result of mining in an automated mode. With the use of the developed method, processing
of multispectral images of Landsat 7 of the year 2002 and Landsat 8 of the year 2013 was carried out. According to the
Landsat satellite data, the area of deforestation on the observed territory amounted to around 27 thousand hectares.

Originality. In contrast to known methods for determination of the area of deforestation by satellite images of visible
spectrum obtained at different time, the proposed method enables automatic determination of areas of deforestation
owing to complex utilization of spectral channels of visible and near infrared bands. A complex mask of clouds and
shadows was proposed, which, in comparison with the standard mask obtained with the algorithm of automatic cloud
assessment (ACCA), helps to reduce errors in determination of the deforestation area. The use of the spectral index
instead of radiometric and color indicators enables automatic exclusion of accidental non-vegetation objects from the
results of processing. This also provides an opportunity to analyze temporal changes of the NDVI on the damaged
forest territories over long periods of observations using the created vector layers with attributed information.

Practical value. The developed method can be implemented in software as a web-service for monitoring of
anthropogenic changes in the environment due to the availability of satellite imagery and advanced processing
technologies. Potential users of such a service are: state supervising authorities; police; emergency services; forestry
service; municipal services; environmental services (taking measures to remediate damaged areas).
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Introduction. There are several negative effects of min-
ing on the environment [1]. To make mining possible, sev-
eral forests are cleared and this leads to deforestation.

The forests of the world cover about 3.4 billion hect-
ares. The largest loss to growth ratio of forested areas has
been registered in the tropical zone. Establishment of
large mining enterprises in Amazonia leads to deforesta-
tion and erosion of soils; moreover, mining there is pre-
dominantly open-pit. Open-pit mining is a type of strip
mining in which the ore deposit extends very deep in the
ground, necessitating the removal of layer upon layer of
overburden and ore. For instance, open-pit extraction
of bauxites in Brazil has destroyed huge areas of forests
and arable land.

Satellites are already valuable tools for deforestation
monitoring. In recent years they have delivered consis-
tent data on forest change over large and often remote
areas. Deforestation in the Amazon basin is a global
problem because the Amazon rainforest plays a key role
in the hydrological and climate systems of the Earth and
strongly influences the global climate. Forests absorb
around a third of the carbon emission from burning fos-
sil fuels (they take approximately 2.4 billion tons of car-
bon out of the atmosphere a year). In order to reduce
the pace of the climate change at least a little, felling of
the Amazon rainforests has to be minimized.

Statement of the research problem. For the vast forest
territories of the Amazon, characterized by wide variety
of species and difficult access, the most efficient way of
monitoring is that with the use of remote sensing satel-
lites [2—5]. Modern earth observation satellites are ca-
pable of providing the most prompt and reliable infor-
mation about the current state of the forest and eco-
nomic activities related to it on any most remote terri-
tory, which is unachievable with observations on the
ground. The main purpose of the satellite monitoring is
control over compliance with the main requirements of
the legislation on wild and protected forests, as well as
compliance with the rules of forest exploitation [6—9].

On the other hand, when exploring new natural de-
posits, especially those located in sparsely populated
territories with adverse natural environment and of dif-
ficult access, where any activity, beginning with geologi-
cal survey, is seriously risky and vastly expensive, re-
quirements of industrial, labor, environmental and eco-
nomic safety imply using detailed, accurate and up-to-
date geospatial basis. Existing topographic maps, cer-
tainly, do not meet requirements of explorers of natural
resources on the mentioned parameters; besides, they
do not show objects important from the point of view of
exploration of the territory.

Objectives of the article. The main objective is to de-
velop an automated processing method of the medium
and high spatial resolution multispectral satellite imag-
es, which provides increased reliability, accuracy and ef-
ficiency of determining the deforestation area. The main
tasks of satellite deforestation monitoring are [8, 9]:

- detection of territories and determination of areas
of illegal felling;

- detection of violations of acting rules in allocating
of plots for industrial or sanitary felling;
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- monitoring of the activities on the territories dam-
aged by deforestation;

- analysis of consequences of the felling — monitor-
ing of the dynamics and nature of changes (soil erosion,
restoration of vegetation, swamp formation, etc.).

The input data. The main requirements to the satel-
lite images are:

- the images for processing should represent the
same territory;

- the images should be obtained in the same season;

- the imaging should be made by imaging devices of
the similar type (comparison of images is possible only if
the spectral bands of the imaging systems are the same);

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

For the satellite deforestation monitoring it is possi-
ble to use multispectral images of medium resolution
obtained from satellites Landsat 7 (imaging device
ETM) and Landsat 8 (imaging device OLI). They have
8 and 11 spectral channels, respectively, with the resolu-
tion of 15 m (panchromatic channel), 30 m (channels of
the visible, near IR and medium IR bands) and 100 m
(channels of far IR) located in the transparency win-
dows of the atmosphere.

Methodology. For this work, multispectral images of
the given region from Landsat 7 of the year 2002 and
Landsat 8 of 2013 were used. Images from Landsat 7 had
a small percentage of clouds, and images from Landsat 8
were practically without clouds. Therefore, for the cor-
rect comparison of the images obtained at different time
and accurate determination of the areas of clearings, it
was necessary to mask the cloud and shadow pixels.
Landsat 7 and Landsat 8 data processing used Automat-
ed Cloud Cover algorithm (ACCA) to generate scene-
wide cloud scores [2].

For creating the mask of shadows our own algorithm
adapted for Landsat 7 images was used [10]. For the qua-
ntitative evaluation of the area of clearings, images were
processed and improved in the parts of calculating the
NDVI, filtering and also superimposing the mask of
clouds and shadows. The method comprises the follow-
ing stages (Fig. 1):

- choice of the area of interest. Search of images by
date, downloading and unpacking of files;

- formation of a multichannel image;

- spatial enhancement (pansharpening);

- for the visual evaluation of the area of clearing the
rainforests, a spectral synthesis was performed with the
use of visible and IR bands;

- trimming the images to the boundaries of the given
territory;

- formation of the mask of clouds and shadow for the
image from Landsat 7;

- creation of indexed NDVI images on the base of
the Landsat 7 image and the Landsat 8 image (Fig. 2);

- threshold binarization of the indexed images ob-
tained from the Landsat 7 and Landsat 8 images;

- formation of the difference image, binarization,
vectorization and determination of boundaries and ar-
eas of clearings (Fig. 3);

95




EKOJNNIOTIYHA BE3NEKA, OXOPOHA NPALI

- morphological filtering of the difference image
images;

- vectorization of the binary images, determination
of the boundaries and area of vegetation based on the
Landsat 7 and Landsat 8 images;

- visualization of the changes on a digital map, re-
cording of the attributes of objects (areas of clearings) into
a dbf file and export of the vector layer into a kml file.

In the synthesized images, the areas of clearings
stand out of the background of vegetation owing to using
channels of the IR band. The NDVI is calculated with
the formula NDVI = (NIR - Red)/(NIR + Red). The
threshold of binarization is in the range of 0.2...0.4 and
depends on the season of imaging. For satellite image
processing own software modules in the language IDL
were used.
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Fig. 1. Algorithm of automated processing of multispectral satellite imagery

In the synthesized images, the arcas of clearings
stand out of the background of vegetation owing to using
channels of the IR band. The NDVI is calculated with
the formula NDVI = (NIR - Red)/(NIR + Red). The
threshold of binarization is in the range of 0.2...0.4 and
depends on the season of imaging. For satellite image
processing own software modules in the language IDL
were used.

Scientific results. Below, the results of satellite moni-
toring of the Amazon rainforest felling in the selected
region of Brazil are shown (Fig. 3). According to the
data from Landsat satellites, the area of the cleared for-
est on the observed territory amounted to approximately
27 247 hectares.

Scientific originality. Most existing methods for de-
termining areas of felling forests at different times pan-
chromatic and multispectral satellite imagery in the vis-
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ible range using a visual interpretation and subsequent
manual processing of images, which leads to high labor
intensity and low efficiency of the results.

The proposed method can determine the area of de-
forestation more accurately and quickly (in automatic
mode) through an integrated use of spectral channels of
visible and near infrared ranges. In addition, the use of
the index instead of the spectral radiometric and color
attributes analyzed by visual method, automatically ex-
cluded from the processing results of foreign objects,
which are not plants.

At the same time it is possible to analyze the NDVI
changes in the affected forest areas for long periods of
observation, by using vector layers with attribute infor-
mation.

Practical value. Since deforestation in the Amazon
basin is a global problem, in the recent years, a necessity
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Fig. 2. Gray-scale indexed images (NDV1):

a — Landsat 7 of the year 2002; b — Landsat 8 of the year 2013

b

Fig. 3. Determination of boundaries of deforestation by the images from Landsat 7 and Landsat 8:
a — Differential binary image of NDVI; b — Deforestation vector layer

emerged to create a web-service for regular satellite
monitoring of felling rainforests. Now this has become
possible owing to availability of satellite images and
modern technologies of their processing. Potential users
of such a service are:

- state supervising authorities (supervision over agri-
culture, construction and manufacturing activities in
the region);
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- police (fighting against illegal activities);

- emergency services (firefighting service);

- forestry service (detection of violation of the acting
rules in allocation of plots for industrial or sanitary fell-
ing);

- municipal services (unbiased evaluation of the scale
and severity of consequences, determination of the ac-
tual damage from logging);
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- environmental services (carrying out measures for
restoration of affected territories);

- population living close to the territories affected by
felling of rainforests (obtaining of unbiased and reliable
information as for the scale and severity of the conse-
quences of clearing of rainforests) — the most numerous
user.

Conclusions. The proposed method allows perform-
ing basic tasks of the satellite monitoring of anthropo-
genic changes in the environment in automatic mode:

- detection and identification of areas of illegal log-
ging;

- identify violations of existing rules in the allocation
of plots for industrial or sanitary felling;

- control activities in areas affected by deforestation;

- analysis of the impact of felling — monitoring the
dynamics and nature of the changes (soil erosion, resto-
ration of vegetation, water logging, etc.).

The essential advantage of the technique is a high
degree of automation of the satellite images processing
and the use of remote sensing data, which are freely
available on the Internet. Further research will be asso-
ciated with analysis of texture characteristics of plant
facilities with the aim of more detailed classification.
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Mera. Po3poOka MeToay aBTOMaTHU30BaHOI 00p00-
KU CyITyTHMKOBUX 3HIMKIiB, 1110 3a0e31eYye ITiIBUIIeH-
HSI JOCTOBIpHOCTI Ta OTICPaTUBHOCTI BUZHAYCHHS TIJIO-
1Ii BUPYOOK JIiCiB MpU pOo3poOLli pOAOBUIL KOPUCHUX
KoMaJuH 3a JaHUMM OaratocrnekTpaabHOI KOCMiUuHOI
3OMKMU.

Metomuka. /1s ineHTHdIKalii i1 KiTbKiCHOI OLIIHKY
TUIOII BUPYOKM JIiciB pO3p0o0JIEeHO METOI 0OPOOKM pi3-
HOYaCOBMX 3HIMKIiB 3i cyrmyTHUKIB Landsat 71 Landsat 8,
110 BKJTIOYAE TaKi eTaIIN:

- 00pi3Ka 3HIMKiB 10 MexXax 3aJaHOo1 TepUTOPIi;

- (hbopMyBaHHS MAaCKM XMApHOCTI 11 TiHEM 1o 3HIMKY
Landsat 7;

- CTBOpPEHHS iHAeKCHUX 300pakeHb NDVI no 3HiM-
kax Landsat 7 Ta Landsat §;

- moporoBa OiHapu3allis iHAEKCHOTO 300paKeHHS

- MopdororiuHa inbTpartist 6GiHapHOTrO 300pakeHHS;

- BeKTopu3alliss OiHapHOro 300pakeHHSsI, BU3Ha4Ye-
HHS$I MEX 1 TIJTIOLII POCIMHHOCTI;

- (hbopMyBaHHS PiZHULIEBOTO 300pakeHHsI, OiHapu-
3allist, BEKTOpU3allis i BU3HAUYCHHS MEX i IUIONIi BH-
py0OK;

- Bigyasizalisg 3MiH Ha 1MGbpPOBiii KapTi, 3amuc aT-
puOyTiB 00’€KTiB (101l pyooK) y dbf-aiin i excriopt
BeKTOpHOTrO 1mapy y kml-caiin.

Pe3ynbTaTn. 3aIrpoIrtoHOBAaHUIT METOXI HO3BOJISIE B
ABTOMATHUIHOMY PEXXUMi 3MiMCHIOBATA BUSBICHHS Te-
puUTOpilt i BUBHAUEHHS TIJIOII He3aKOHHUX pyOOK JIicy B
pe3yabTaTi po3pOOKU POAOBUIL KOPUCHUX KOTAIUH. 3
BUKOPUCTAaHHSIM PO3pOo0JIeHOI METOAUKU OyJia BUKO-
HaHa 00poOKa GaraTocreKTpalbHUX 3HIMKIB i3 CymyT-
HukiB Landsat 7 3a 2002 p. Ta Landsat 8 3a 2013 p. 3a
ITaHUMHU CYIyTHMKIB Landsat, rroina BUpyOoaHOro Jri-
Cy Ha CHOCTepeXyBaHIiil TepuTopil ckiana OJM3bKO
27 TUC. TeKTapiB.

HaykoBa HoBusHa. Ha BinMiHy Bin iCHyI0OUMX METO-
JIiB BU3HAUYEHHSI TUIONI BUPYOOK JiCiB MO pi3HOYACO-
BUM CYITYTHUKOBUM 3HIMKaM BUAMMOTO Jiana3oHy 3a-
MPOIIOHOBAaHUIT METON MO3BOJISIE B aBTOMAaTUUYHOMY
peXumi BM3HAYaTU IUIOLII BUPYOOK JIiCiB 3aBASIKU
KOMILUIEKCHOMY BUKOPHUCTAHHIO CITEKTPaJIbHUX KaHa-
JIiB BUIMMOTO I OJIMKHBOTO iH(pauepBOHOTO Aiara3o-
HiB. 3aIIpoITOHOBaHa KOMITJICKCHA MacKa XMapHOCTI Ta
TiHi, 1110, Y TOPiBHSIHHI 3i CTAaHAAPTHOIO MACKOIO, OT-
PUMaHOIO0 32 AITOPUTMOM aBTOMATUYHOI OLIIHKK XMap-
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HocTi (ACCA), 103BOJII€E 3MEHIITUTY TTOXUOKI BU3HA-
YeHHSI TIJI0LII BUPYOOK Jticy. BukopucraHHs crieKTpa-
JILHOTO iHIEKCY 3aMiCTh paJiOMETPUYHUX i KOJIpHUX
O3HaK J03BOJISIE ABTOMATUYHO BUKJIIOUUTH 3 pE3yJIbTa-
TiB 00POOKM CTOPOHHI 00’ €KTH, 1110 HE € POCIUHHICTIO.
ITpu iboMy 3’IBJISIETHCST MOXKJIMBICTD aHATI3YBATH YacOBi
3min NDVI Ha mocTpaxnanvx AiIsTHKaX JIicy UTsl TpUBa-
JIUX TIEPIOIIB CITOCTEPEKEHHS, BUKOPUCTOBYIOUM CTBO-
PEHi BEKTOPHi LIapy 3 aTpMOYTUBHOIO iH(hOpMAaLli€lo.
IIpakTuuna 3HauuMicTs. Po3pobieHuit MmeTom Moxe
OyTU peaslizoBaHMt y CKaji BeO-CIIyKOU perysipHOro
CYITyTHUKOBOT'O MOHITOPUHTY aHTPOIIOTEHHUX 3MiH HaB-
KOJUIITHBOTO CEPEIOBUINA 3aBOSKN JOCTYITHOCTI Cy-
NYTHUKOBHUX 3HIMKIB i CydaCHUX TEXHOJIOTiN 1X 00p00-
ku. KopucryBayamu Takoi CJIy>XXKOM MOXYTb OyTH Jep-
JKaBHi KOHTPOJIIOIOUI CTPYKTYpPHU, TIOJMillisl, CIyKOU 3
JIKBigauii Haa3BUYAWHUX CUTYALIil, JicOBa i1 MyHIil1-
najbHi CIIy>KOM, eKoJoTiYyHa clIy>K0a (MpoBeAeHHS 3a-
XO[IiB 3 BiTHOBJIEHHSI MOCTpaXKAaanuX TEPUTOPiit).
KmouoBi cioBa: ducmanuiiine 3ondysanns 3emai, mo-
HimopuHe, supybka aicy, Landsat, cynymnukoea 3iiomKka,
baeamocneKkmpanvHi 3HIMKU, CReKMPAAbHI IHOeKCU

Heab. Pa3paboTka mMeTona aBTOMAaTU3UPOBAHHOM
00pabOTKM CIYyTHUKOBBIX CHUMKOB, KOTOPHBII 0o0ecIie-
YUBAET IOBBIIIEHNE TOCTOBEPHOCTH U OITEPAaTUBHOCTHU
ornpeaeaeHus IJIolaan BbIPyOOK JIeCOB IIpU pa3padboT-
K€ MECTOPOXKICHUI MOJIE3HBIX MCKOITaeMBbIX IO TaH-
HBIM MHOTOCHEKTPATBHOM KOCMUYECKOW ChEMKHU.

Metomuka. 1 nneHTUUKaIUU U KOJIUYECTBEH-
HO OLIEHKU ILTOIIAAW BBIPYOKY JIECOB pa3paboTaH Me-
TOA 0O0pabOTKM CHHUMKOB cO cIyTHUMKOB Landsat 7 u
Landsat 8, koTopblii BKJIIOUYAT CAEAYIOLINE STAMbI:

- obpe3Ka CHUMKOB TI0 TpaHUIIaM 3aJaHHOU Teppu -
TOPUU,

- (hopMHpOBaHME MAaCKM OOJJAYHOCTH M TEHEH IO
cHuMKy Landsat 7;

- co3gaHMe MHAEKCHBIX n3o0paxenuit NDVI mo
cHumkaMm Landsat 7 n Landsat 8§;

- TIoporoBasi OMHapu3alus UHAEKCHOTO N300paxe-
HUSI;

- Mopoiornyeckast hbuabTpaLms OMHAPHOIO U30-
OpaxkeHus;

- BEKTOpM3alMsi OMHAPHOIO M300pakeHUsI, OIpe-
JieJIeHre TPaHUIL ¥ TUTONIaId PACTUTETbHOCTH;

- (popMupoBaHUEe PAa3HOCTHOIO U300paxkeHusl, Ou-
Hapu3alus, BeKTOPU3aLNsI W ONpeaeIcHIe TPaHuIl 1
TUTOIIAIN BEIPYOOK;

- BU3yalIM3alvs M3MEHEeHUI Ha IMMPOBOIl Kaprte,
3aIIMCh aTpUOYTOB OOBEKTOB (ILIOIIANEil BHIPYOOK) B
dbf-aiin 1 3KCTIOPT BEKTOPHOTO ciios B kml-caii.

Pesyabratel. [1pemioXeHHBI METON MO3BOJISIET B
aBTOMATM3MPOBAHHOM DPEXMME BBIMOJHSTH OOHApY-
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JKEeHUEe TepPUTOPHUI M OIpele/iecHre IUToIaneii Hesa-
KOHHBIX PYOOK Jieca B pe3yJbTaTe pa3paboTKU MECTO-
POXKIEHUI MOJIE3HBIX NCKOIMaeMbIX. C MCITOIb30BaHM-
€M pa3paboTaHHOI METOAMKM ObllIa BHITTOJHEHA 00pa-
00TKa MHOTOCIIEKTPaJIbHBIX CHUMKOB CO CITyTHHMKOB
Landsat 7 3a 2002 r. u Landsat 8 3a 2013 r. I[1o nraHHbBIM
cnyTHUKOB Landsat, miomaas BEIPYOJIEHHOTrO Jieca Ha
HaOIOgaeMOl TEPPUTOPUM COCTaBUIIa OKOJIO 27 ThIC.
reKTapoB.

Hayuynag HoBu3Ha. B oTyimume OT CYIIECTBYIOIINX
METOIOB OTIpeAe/ICHNS TUIOIIaAeil BRIpYOOK JIECOB IO
Pa3HOBPEMEHHBIM CITYTHUKOBBIM CHMMKAM BUIUMO-
ro IHMaIra3oHa, IMPeIIOXEeHHBI METOI ITO3BOJISICT B
ABTOMATUYECKOM PEXMME OIPEAISTh IUIOMIAIHN BhI-
pyOOK J1ecoB Oyarogapsi KOMILIEKCHOMY MCIT0JIb30Ba-
HUIO CTIEKTPaIbHBIX KaHAJIOB BUIMMOTO U OJIMKHETO
nHppakpacHoro auana3oHoB. I[IpemnoxeHa KoMm-
IUIEKCHasi Macka O0JaYHOCTU WM T€HU, KOTopas, IO
CPaBHEHUIO CO CTAaHOAPTHOM MACKOWM, IMOJY4EHHOW
10 AJITOPUTMY aBTOMaTHUYECKOU OLIEHKNA 00JJAYHOCTH
(ACCA), mo3BOJIIET YMEHBIIUTD OTPEITHOCTU OIpe-
IeJIeHUs TUIoINaay BBEIPYOOK Jieca. Mcronb3oBaHMe
CIIEKTPaAJIbHOTO MHIEKCAa BMECTO PaglOMETPUUCCKIX
U LBETOBBIX ITPU3HAKOB ITO3BOJISICT aBTOMATHYECKU
HACKITIOUUTH U3 PE3YIbTaTOB 00pabOTKM ITOCTOPOHHIE
O00BEKTHI, HE SIBJISIONINECS PaCTUTEIbHOCTBIO. [Ipu
5TOM TIOSIBJISICTCS BO3MOXKHOCTD aHAJIM3UPOBATh Bpe-
MeHHble u3meHeHus1 NDVI Ha nocTpagaBiimux yJyacT-
Kax Jieca ISl JIUTEJbHBIX MEPUOIOB HAOMIOACHUS,
HCIIOJIb3Ysl CO3MaHHbIE BEKTOPHBIE CJIOM C aTpuOy-
TUBHOU MH(OpMaLIUEI.

IIpakTnyeckas 3HaYMMOCTh. Pa3zpaboTaHHbIi MeTO,
MOXKET ObITh peaIM30BaH B COCTaBe BEO-CIYKObI pery-
JISPHOTO CITYTHUKOBOTO MOHUWTOPHWHTA aHTPOITOTCH-
HBIX MU3MEHCHWI OKpYXXaoIel Cpeabl B pe3yibTare
pa3pabOTKN MECTOPOXKICHUN TTOJIE3HBIX MCKOIIAeMBIX
Garomapsi JOCTYITHOCTH CITyTHUKOBBIX CHUMKOB 1 CO-
BpPEMEHHBIM TEXHOJOTUsSIM MX 00paboTku. Ilonb3oBa-
TEJISIMU TaKOM CITY>KOBI MOTYT SIBJISITCSI TOCYIapCTBEH -
HbIe KOHTPOJIUPYIOIINE CTPYKTYPHI, TTOJIUIIMS, CITYKOBI
T10 TMKBU ALY YPE3BbIYAHBIX CUTYaIIUA, JIECHASI CITy-
2K0a, MyHULIUIIAJbHBIE CTYXKObI, 3KOJIOTMYECKasl CIIYXK-
0a (rmpoBeneHUE MEPOIPUSITUIM MO BOCCTAHOBJIEHUIO
MMOCTPaJaBIINX TEPPUTOPHIA).

KnioueBbie cioBa: ducmanuyuoHHoe 30HOUpPOBaAHUE
3emau, monumopuHe, eévipyoxa aseca, Landsat, cnym-
HUK08aA CoeMKA, MHO2OCNEeKMPAAbHble CHUMKU, CNeK-
mpanvHvle UHOCKCbl

Pexomendosano 0o nybaikauii 0okm. mexH. HayK
0. I. Muxanvosum. Jlama  Hadxo0dxceHHs — pyKonucy
15.09.16.
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