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Purpose. Development and testing of an information technology for automated processing of medium-resolution satellite im-
ages acquired at different times for all-weather monitoring of oil and gas production areas.

Methodology. The information technology implies the use of two algorithms. The algorithm for automated recognition of new oil
extraction sites is based on computing the normalized difference index (NDI) of temporal changes for a given pair of satellite images
in visible and near-IR bands acquired at different times and selected spectral cannels with subsequent multi-threshold binarization.
The algorithm for automated recognition of large metal objects uses bipolarized C-band radar images from Sentinel-1A/B satellites.

Findings. The proposed information technology made it possible to automatically detect the new oil extraction sites and rec-
ognition of large metal objects. The overall recognition accuracy, averaged for 20 test areas, was from 87 to 91 % with the kappa
coeflicient ranging from 0.82 to 0.85. For cloud-covered areas the big metal objects (an extraction units, automotive equipment for
oil transportation, etc.) were recognized using SAR imagery from Sentinel-1A/B satellites only.

Originality. Unlike the existing methods for detection of anthropogenic changes of the Earth’s surface by satellite images, the
proposed information technology uses immediate calculation of the normalized difference index of temporal changes NDI for a given
pair of satellite images acquired at different times, which considerably reduces requirements to the computing power while ensuring
higher accuracy of the allocation of the boundaries of new oil production sites. All-weather monitoring is provided using radar data.

Practical value. Owing to high degree of automation, the developed technology can be implemented as a geoinformation web
service for all-weather up-to-the-date monitoring of oil extraction areas. This web service can be used to determine the area of
fields, control production activity and estimate oil production, supervise development and production activities and assess anthro-
pogenic load in oil production areas.

Keywords: oil extraction monitoring, Sentinel- 14/B, Sentinel-2A/B, multispectral images, image processing, detection of changes

Introduction. Currently, oil and gas are the most important
types of natural resources without which no developed coun-
try can exist. The volume of oil production is directly related to
the level of economic development of some countries. There-
fore, the task of assessment of the production activity of exist-
ing oil and gas fields, as well as monitoring of the construction
of new oil and gas production sites, is very important [1, 2].
The development of new methods for oil-and-gas infrastruc-
ture objects and the environmental state into the practice of
the oil and gas industry is of exceptional importance [3].

Statement of the research problem. In recent years, Earth
remote sensing data are increasingly being used to determine
the extent, dynamics and consequences of the anthropogenic
environment destruction [4], including that as a result of oil
and gas production [5, 6]. Satellite monitoring, compared to
terrestrial measurement methods, has numerous undeniable
advantages [7, 8]. Since the commissioning of the second Sen-
tinel-2B satellite in 2017, the Copernicus system has become
the most informative and affordable source of remote sensing
data of medium spatial resolution. This can be judged by the
large number of web services providing a wide range of infor-
mation products, mainly based on optical images from Senti-
nel-2A and Sentinel-2B satellites. This can be explained by a
successful combination of high-quality characteristics of the
images themselves (rather high spatial and radiometric resolu-
tion, a variety of spectral channels) and frequent revisiting of
same places (5 days for two satellites).

Purpose. Unfortunately, the most common and informa-
tive multispectral satellite imagery in the visible and infrared
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ranges has two significant limitations as a source of the sur-
vey:

- the need for adequate illumination of the surveyed terri-
tory (as a rule, high-quality imaging is possible at the Sun el-
evation angles of more than 30°);

- strong dependence on the presence of clouds over the
surveyed territory (the maximum permissible percentage of
cloud cover is usually not more than 2 to 5 %).

Therefore, the actual frequency of imaging in optical chan-
nels for Sentinel 2A/B satellites, even for small areas, is much
lower (sometimes by several times). The use of data from other
medium resolution remote sensing satellites, Landsat-7, Land-
sat-8 [9] and Terra (ASTER multispectral radiometer), as addi-
tional free sources is not always possible due to the poorer char-
acteristics of these images, and also due to the presence of clouds.

Possible ways to solve the problem. Therefore, to ensure all-
weather satellite monitoring of the dynamics and consequences
of anthropogenic changes in areas of oil and gas production
sites, in addition to satellite imagery in the visible and infrared
bands, it is necessary to use bipolarization radar imaging data in
the C-band obtained from medium-resolution remote sensing
satellites equipped with synthesized aperture radar. In this case,
it is possible to partially improve the frequency of obtaining in-
formation from the desired territory by radar imaging, one of the
main advantages of which is not being dependent on clouds [10].

Fig. 1 shows comparison of the dual-polarization C-band
radar image from the Sentinel 1A satellite (left) and optical
multispectral visible band image from the Sentinel 2A satellite
(right) for the same territory and day of survey.

The main objective of this research is to develop and test the
technology for automated processing of medium spatial resolu-
tion optical and radar data from the Sentinel 1A/B [10] and
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Fig. 1. Comparison of the dual-polarization C-band radar image from the Sentinel 1A satellite (a) and optical multispectral visible
band image from the Sentinel 2A satellite (b) for the same territory and survey day

Sentinel 2A/B satellites to ensure all-weather monitoring of an-
thropogenic changes in areas of oil and gas production sites.

The input data and description of the image processing pro-
cedures. The territory of observations is areas of oil production
in Texas, USA. As source data, C-band radar images from
Sentinel-1A/B satellites and multispectral visible and infrared
images from Sentinel-2A/B satellites are used. The C-band
synthetic-aperture radar instrument provides a collection of
data in all weather, day or night. This instrument has a spatial
resolution of down to 5m and a swath of up to 400 km. The
constellation is on a sun synchronous, near-polar (98.18°) or-
bit. The orbit has a 12-day repeat cycle and completes 175 or-
bits per cycle [10]. Sentinel-2 acquires optical imagery at high
spatial resolution (10 to 60 m). The mission is a constellation
with two twin satellites (Sentinel-2A and Sentinel-2B).

Methodology. The proposed technology is implemented in
the form of a software package consisting of two software
modules:

- a module for processing C-band radar data obtained
from Sentinel-1A/B satellites;

- a module for processing multispectral data of visible and
near-IR bands obtained from Sentinel-2A/B satellites;

- amodule for combine and visualization of processing re-
sults of multispectral and radar data.

Procedures for processing and analyzing radar images
from Sentinel-1A/B satellites in order to simplify the user’s
work were divided into the preliminary operations and the-
matic processing operations.

Preliminary operations of the radar images processing are
performed in full-automatic mode without manual opera-
tions. These operations include unpacking images of HV and
VV polarizations and accompanying metadata, georeferencing
by orbital data, radiometric and geometric correction, thermal
and speckle noise filtration, transformation into a required
cartographic projection.

Thematic processing operations of radar images from Sen-
tinel-1A/B satellites are performed in a semi-automatic mode
(Fig. 2). These operations include calculation of the ratio of
HV and VV polarization channels, formation of the RGB
composite and visualization, setting of binarization thresholds
for new objects selection, morphological filtration and vector-
ization, formation of a thematic map and export of results into
standard pixel and vector formats.

Block diagram of the automated recognition of new oil
production sites in visible and infrared images from Sentinel-
2A/B satellites on the EOS web services in semi-automatic
mode is shown in Fig. 3.

The normalized difference index (NDI) for a given pair of
satellite images taken at different times and chosen spectral or
polarization channels is computed as

NDI, = (B~ BY) [(Brev + BYY),
where i is the number of a spectral or polarization channel;
new and old are indexes of earlier and later images.

Detection of new oil-extraction sites in multispectral im-
ages of the visible and NIR bands taken at different times from
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Fig. 2. Block diagram of the thematic processing of two-polarization SAR imagery (GRDH product)
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Fig. 3. Block diagram of the automated recognition of new oil production sites in visible and infrared images

satellites Sentinel-2A/B is done by solving these simultaneous Choice of the accuracy assessment methods. The evaluation
inequalities of the classification accuracy is accomplished by comparison
(NDlyeq 2 Teg); of automatic classification with manual classification results

[11]. A manual classification is prepared by an expert in the

(NDI,oy = Ty RGB images with the QGIS software using the same images

(NDL,,> T,y..): and is considered as a model. The evaluation of the model ac-
red = % blue’> curacy has been accomplished by an expert method (5 experts

(NDI,;,> T,,), with more than 10 years of practical experience in the process-
ing of space images have been involved).

Model accuracy on average has been:

- 95-98 % for new oil production sites were recognized
using RGB images from Sentinel-2A/B satellites;

- 93—95 % for big metal objects were recognized using
SAR imagery from Sentinel-1A/B satellites.

For a quantitative evaluation of the errors of automatic

where T4, Tyreens Thuer Thir are the threshold values of detec-
tion of changes for respective spectral channels.

Detection of large metallic objects (drilling rigs, oil extrac-
tion rigs, oil storage facilities, tank trucks etc.) in bipolar
C-band radar images taken by Sentinel-1A/B satellites is done
by solving the simultaneous inequalities

Byy=Tyy); recognition of new oil production sites as a result of processing
(Byy>Ty), of multispectral images in visible and near-IR bands from
Sentinel-2A/B satellites, images with submeter spatial resolu-
where Ty, Tyy are the threshold values of detection of large tion from the Pleiades- 1A satellite taken on the same day were
metallic objects for respective polarization channels. used, in which the sites were manually recognized and then
Requirements to the software and hardware. The volumes used as a standard.
of remote sensing data files received from Sentinel satellites are The metrics that were used for the quantifying accuracy of
usually quite large. For example, radar data of a scene taken the automatic classification are the following [11, 12]
from satellites Sentinel-1A/B in two polarizations can take
several gigabytes. Therefore, for quick processing of such im- Accuracy = TP+TN .
ages in real time, it is desirable to use modern computers with TP+TN + FP+FN’
multi-core processors of Intel class I-7 or higher and at least TP
64 GB of RAM. However, currently the most effective ap- Detection Percentage =100————;
proach to processing and storing satellite imagery is to use spe- TP+ FN
cialized web services, for example, EOS engine (https://cos. . TP
com), that, compared to traditional software and hardware, Quality Percentage = 100m7
have significant advantages, such as:
- work directly in the browser, which does not require ad- where TP is True Positive; TN is True Negative; FP is False
ditional software installed by the client; Positive; FN is False Negative [12].
- software and hardware independence, which allows using The kappa (k) coefficient measures the agreement between
this web service on mobile devices; classification and ground truth pixels. A kappa value of 1 rep-
- the results of image processing are stored on the server, resents perfect agreement while a value of 0 represents no
which allows all customers to use the web service regardless of agreement [12]
their location; ” .
- high economic efficiency (no purchase of powerful N z m, _Z(Gici )
graphic stations and expensive software is required); =il = '
- minimum requirements for the level of user training , ’
(there is no need to spend time on studying large and complex N*- Z(G,C,.‘,)
software packages). =
Such web services allow users to select imagery sources, where i is the class number; M is the total number of classified
analytic operations, workflow and geospatial operations from pixels that are being compared to ground truth; m; ;is the num-
various data and then instantly see the result of their query. ber of pixels belonging to the ground truth class i, that have also
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been classified with a class i (i. e., values found along the diago-
nal of the confusion matrix); C; is the total number of classified
pixels belonging to class 7; G; is the total number of reference
(i.e., standard, ground truth) pixels belonging to class i.

As an alternative method of quantitative evaluation of er-
rors in automatic recognition of new oil extraction sites by
processing Sentinel-2A/B images, it is possible to use data on
calendar dates of development of extraction sites taken from
corporate databases of the potential customers (when the ac-
cess is available).

For a more accurate and reliable evaluation of errors in au-
tomatic detection of new oil extraction sites in images from
Sentinel-2A/B satellites accomplished for the region of obser-
vations for the years 2016—2018, ground verification of the ob-
tained results is necessary.

Results. Analysis of results of the automated processing of
multispectral images of a given observation territory taken at
different times from Sentinel-2A/B satellites in 2016—2018 has
shown high effectiveness of the proposed method, in particu-
lar:

- sufficiently high (in comparison with visual recognition)
sensitivity in detecting new oil extraction sites (Fig. 4);

- satisfactory (for a medium spatial resolution) accuracy of
marking the boundaries of new oil extraction sites;

- good reproducibility of results of detection of new oil ex-
traction sites in different test areas (at the same settings of the
binarization thresholds);

- high stability of results of detection of new oil extraction
sites in images taken on different dates at the same settings of
the binarization thresholds (Fig 5);

- sufficiently good matching of new oil extraction site de-
tection results in images from Sentinel-2A/B satellites and in
superhigh spatial resolution images from the Pleiades-1A sat-
ellite (Fig. 6);

- a significant increase in speed of detection of new oil ex-
traction sites in large territories in comparison with visual de-
tection and manual vectorization (by about 100 times faster for
a Sentinel-2A/B image).

Results of automated processing of two-polarization SAR
imagery from Sentinel-1A/B satellites, raster masks and vector
layers of recognized big metal objects (oil producing installa-
tions, oil storages, technical facilities, large vehicles for transpor-
tation of oil, etc.) with high value of the reflectance coefficient
were obtained (red color objects in Fig. 7). Raster masks and
vector layers of recognized new oil production sites (blue color
objects in Fig. 7) are created as a result of automated processing
of visible and infrared images from Sentinel-2A/B satellites.

The overall recognition accuracy, averaged for 20 test ar-
eas, was from 87 to 91 % with the kappa coefficient ranging
from 0.82 to 0.85. For cloud-covered areas the big metal ob-
jects were recognized using SAR imagery from Sentinel-1A/B
satellites only.

In the analysis of outcomes of automatic processing of
multispectral images in visible and NIR bands from Sentinel-

Vector layer
of new sites

Fig. 4. Results of automated recognition of new oil production sites by two visible and infrared images from Sentinel-2A for 16.04.2017

and 21.04.2018
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Fig. 5. Results Assessment of the dynamics of the construction of new oil production sites in a given observation area from January to
June 2018 according to visible and infrared images from Sentinel-2A
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a, b, ¢ — input images; d — recognition results (Sentinel 14/B — red color of vector layer and Sentinel 24/B —blue color of vector layer)

2A/B satellites for 2016—2018 for the given monitoring re-
gions, it appeared that, in some areas, insignificant (within
5—15 % of the area of the recognized objects) false recognition
of changes occurred (Fig. 8) due to the following factors:

- presence of insignificant cloudiness and shadows of the
clouds;

- seasonal changes in vegetation and water bodies in the
territory of imaging;

- different levels of illumination in two images taken at dif-
ferent time.

Besides, in the same analysis, on all test sites, insignificant
(within 2—5 % of the area of the recognized objects) omission
in recognition of changes was observed (Fig. 9) caused by the
following factors:

- small geometric dimensions of such changes, within the
range of a pixel (around 10 to 15 m);

- low contrast of the changed spots in comparison with the
surrounding background;

- usage of the same settings in the image processing proce-
dures for different sites and dates of imaging.

Currently, the proposed technology is being tested and
tuned using multispectral images of various parts of the Earth
obtained from active medium- and high-resolution satellites
in order to determine optimal processing parameters for the
main types of scanners taking into account the region and the
imaging conditions.

Owing to the high degree of automation, simplicity and
low requirements for computational resources, the developed

a

Fig. 8. An example of false recognition of changes by two visible and infrared images from Sentinel-2A:

a— 16.04.2017; b — 21.04.2018; ¢ — recognition results
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Fig. 9. An example of non-recognition of changes by two visible and infrared images from Sentinel-2A:

a— 16.04.2017; b — 21.04.2018; ¢ — recognition results

technology can be implemented in software as a geoinforma-
tion web service for all-weather up-to-the-date monitoring of
oil-extraction regions. This web service can be used by:

- governmental supervisory bodies (supervision over devel-
opment and production activities in oil-extraction areas);

- tax authorities and insurance companies (determination
of the area of deposits, supervision over production activities
and evaluation of the volumes of oil extraction);

- municipal services (monitoring and forecast of develop-
ment of urban infrastructure in the territories of oil extraction);

- commercial organizations, trading companies, shipping
companies (organization of supply and transportation in the
oil extraction regions, analysis of activities of competitors);

- ecology services (evaluation of the technogenic pressure
in the oil-extraction regions).

Conclusions. Remote sensing has a significant advantage
over the traditional information technologies for oil and gas
industry by reasons of high efficiency. The oil and gas industry
is experiencing unprecedented challenges including new anal-
ysis techniques and complex drilling processes. The prospects
for increasing the efficiency of using remote sensing to solve
the problems of all-weather monitoring of oil and gas produc-
tion areas are associated with the development of new tech-
nologies for processing aerospace information and with the
fusion of optical and radar data. The proposed method enables
automated detection of new oil extraction sites with the use of
multispectral satellite images in visible and NIR bands taken at
different times from Sentinel-2A/B satellites and also recogni-
tion of metal objects with the use of bipolarized radar images
in the C band from Sentinel-1A/B. The results of experimen-
tal testing confirmed high effectiveness of the proposed tech-
nology.

Unlike the existing methods of detection of anthropogenic
changes in the Earth’s surface by satellite images (spectral in-
dexes, clustering, controlled classification, transformation of
the main components, convolutional neural networks and so
on) requiring substantial computing power for the old and new
images, the proposed technology uses immediate calculation
of the normalized difference index of temporal changes NDI
for a given pair of satellite images acquired at different times,
which considerably reduces requirements to the computing
power. Besides, the proposed technology ensures higher quali-
tative and quantitative indicators of the outcomes of satellite
data processing, including:

- higher accuracy of delimitation of new objects of oil ex-
traction sites;

- good reproducibility of results of detection of new oil ex-
traction sites in different test areas (at the same settings of the
binarization thresholds);

- high stability of results of detection of new oil extraction
sites in images of different dates at the same settings of the bi-
narization thresholds.

Further research will continue in the direction of increas-
ing the monitoring accuracy using high spatial resolution aero-

space data from satellites TerraSAR-X, Pleiades and World-
View-3. In our opinion, the data processing from drones is
also a promising method for oil and gas pipelines monitoring.
UAVs can detect methane leaks from oil and gas pipelines 1000
times more accurately than traditional instruments.
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Meta. Po3po0ka it TecTyBaHHS iH(popMalLliiiHOT TEXHOJI0-
rii aBTOMaTU30BaHOI 0OPOOKYM Pi3HOYACOBUX CYMyTHUKOBUX
3HIMKIB CepeHbOTO MTPOCTOPOBOTO PO3PiZHEHHS JIJIsSI BCEIO-
TOIHOTO MOHITOPUHTY pailoHiB BUAOOYTKY Ha(pTH Ta rasy.

Metomuka. 3amnporioHoBaHa iH(opMaliiiHa TEeXHOJIOTisI
repenbavyae BUKOPUCTAHHS TBOX PO3POOJIEHUX aJTOPUTMIB.
AJITOPUTM aBTOMaTM30BaHOTO PO3Mi3HaBaHHSI HOBUX Ha(TO-
BUIO0YBHUX MalJaHYMKIiB 3aCHOBAaHUIT Ha OOYMCIEHHI HOpP-
MaJtizoBaHOro pizHuLeBoro iHaekcy (NDI) yacoBux 3MmiH st
3a/1aHO1 TTapy Pi3HOYACOBUX CYITyTHUKOBUX 3HIMKIB BUAMMOIO
Ta OJIMDKHBOTO iH(MpaYepBOHOTO Jiara3oHiB i BUOpaHUX CIeK-
TpaJIbHUX KaHaJIiB 3 TTOAJIbIIO0 0araTornoporoBolo OiHapu3a-
1i€10. AJITOPUTM aBTOMATU30BAHOTO PO3ITiZHABAHHST BEJIMKMX
MeTaJIeBUX 00’€KTiB BUKOPHUCTOBYE ABOIOJISIpPU3alliliHi pagap-
Hi nani C-niana3ony i3 cymyTHuUKiB Sentinel-1A/B.

PesyabpraTn. 3anponoHoBaHa iH(GopMalliifHa TeXHOJIOTis
NO3BOJIMJIA B aBTOMAaTH30BAaHOMY PEXKMMi BUSIBUTU HOBi Ha-
(GToBMAOOYBHI MaliTaHYMKH Ta BeJIMKi MeTajIeBi 00 €KTH. 3a-
rajibHa TOYHIiCTb PO3IMi3HaBaHHs, ycepeaHeHa s 20 30H
TecTyBaHHSI, ctaHoBMJIA Bin 87 mo 91 % 3 KoedilieHTOM Kar-
na B nmianasodi Bim 0,82 mo 0,85. [Inst obGjacreii, MOKPUTUX
XMapaMH, BeJIMKi MeTajieBi 00’ekTH (HahTOBUIOOYBHI ycTa-
HOBKM, aBT03acOOM ISl TPAHCIOPTYBaHHS HadTU i T.1.)
Oy/IM po3Mi3HaHi 3 BUKOPMCTAHHSIM TiJIbKU palapHUX JaHUX
i3 cymyrHukiB Sentinel-1A/B.

Haykosa HoBu3Ha. Ha BinMiHy Bin icCHyIoUMX METO/IiB BU-
SIBJICHHST aHTPOITIOTEHHUX 3MiH 36MHOI ITOBEPXHi 3a CYITyTHU -
KOBMMM 3HIMKaMM, 3allpoIlOHOBaHa iHdopMaliiiHa TeXHO-
JIOTisi BAKOPUCTOBYE 6e3mocepeaHe 00UnCIeHHS HOpMali3o-
BAHOTO Pi3HUILIEBOTO iHIeKCy yacoBux 3MiH N DI mis 3agaHoi
Mapy pi3HOYACOBUX CYIYTHUKOBUX 300pakeHb, 110 iCTOTHO
3HUKYE BUMOTHU JI0 O0UYUCTIOBAIbLHUX PECYPCiB, 3a0e3Meuylo-
YU MPU IbOMY OiJIbIIl BUCOKY TOYHICTb BUILJIEHHSI KOPIOHIB
HOBMX 00’€KTiB Ha(pTOBUIOOYBHUX MalJaHYMKIB. Ycerno-
TOMHUY MOHITOPUHT 3a0e3MeYyeThCsl BUKOPUCTAHHSIM pa-
JTapHUX JaHUX.

IpakTyna 3HAYUMICTB. 3aBISIKA BUCOKOMY CTYIIEHIO aB-
ToMaru3allii, po3pobyieHa iHpopMalliliHa TEXHOJIOTiSI MOXe
OyTU IIporpaMHoO peajizoBaHa y BUIJISIAI reoiH(opmaliiiiHoro
BeO-CcepBiCy BCEMOToAHOr0 ONnepaTMBHOIO MOHITOPUHTY pa-
loHiB HaTOBUIOOYTKY. LliIsstMM Takoro BeO-cepBicy MO-
KyTb OYTU BU3HAYEHHS TUIOLLI POJIOBUIL, KOHTPOJIb BUPOO-
HUYOI aKTUBHOCTI Ta OLliHKa 00csriB HAaPTOBUIOOYTKY; Ha-
s 3a Oy/liBeJIbHOWO 1 BUPOOHUYOIO MisUIBHICTIO Ta OLiHKA
TEXHOTEHHOTO HaBaHTaXXeHHS B palioHaX HAGTOBUIOOYTKY.

KimouoBi croBa: morimopune Hagpmosudobymky, Sentinel-
IA/B, Sentinel-2A/B, myavmucnexmpanvhi 3HiMKu, 00pobKa
300paxnceHs, 8UABNCHHS 3MIH
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Ilean. Pazpaborka u TecTupoBaHue MHGOPMALMOHHOMK
TEXHOJIOTUM aBTOMAaTU3WPOBAHHON 0OpabOTKM pa3HOBpe-
MEHHBIX CITyTHUKOBBIX CHUMKOB CPEIHEro MpOCTPaHCTBEH-
HOTO pa3peleHus! I BCETIOTOAHOTO MOHMTOPWHTA paiio-
HOB JOOBIYM HE(PTHU U rasza.

Metoauka. MHpopMallMoHHasl TEXHOJOTUS Tpenroia-
raeT UCMOJb30BaHUE IBYX pa3pabOTaHHbIX AITOPUTMOB. AJl-
TOPUTM aBTOMATU3MPOBAHHOTO PACIIO3HABAHUS HOBBIX He-
(brenobbIBalOIIMX TUIOIIAT0K OCHOBAH HAa BBIYMCIEHUH HOP-
MaJIM30BaHHOTO pa3dHocTHoro uHaekca (NDI) BpemeHHBIX
M3MEHEHU 1Sl 3aJaHHOI Mapbl pa3HOBPEMEHHBIX CHUMKOB
BUIVMOTO U OIDKHETO MH(MPaKpacHOTO AMATIa30HOB U BbI-
OpaHHBIX CIEKTPAIbHBIX KAaHAJIOB C MOCJIEIYIOIIeil MHOTO-
TOPOTOBOI OWHapu3almeil. AJITOPUTM aBTOMATU3WPOBAH-
HOTO pacro3HaBaHMSI KPYMHBIX METAUIMYECKUX OOBEKTOB
WCTIONB3YeT ABYXMOJSIPU3ALIMOHHBIE pagapHble TaHHbBIE
C-nuamna3oHa co cryTHUKoOB Sentinel-1A/B.

Pesymbratel. [1pemnoxennas nHOOpMaIIMOHHAST TEXHOIO-
I'Misl TIO3BOJIJIa B aBTOMATU3MPOBAHHOM PEXUMe OOHAPYKHUTh
HOBBIE He(TETOOBIBAOIIME TIOIIANKY 1 KPYITHBIE METaJLTUe-
ckue 00bekThl. OO1Iasi TOYHOCTb PACIIO3HABAHUS, YCPEAHEH-
Hast it 20 30H TeCTUpOBaHusI, cocTaBuia ot 87 mo 91 % ¢ ko-
a¢duumeHToM Karmma B nuana3oHe ot 0,82 go 0,85. st obna-
CTel, TTOKPBITBIX 00IaKaM¥, KPYITHbIE METATMUeCKe 00BheK-
Thl (He(pTenoObIBaOIIE YCTAHOBKU, aBTOCPEACTBA [UIsI TPaHC-
MOPTUPOBKY HE(PTHU U T.H.) ObUTU PACTIO3HAHBI C UCTIOTH30BA-
HUEM TOJILKO palapHbIX JaHHBIX CO CITyTHUKOB Sentinel-1A/B.

Hayunas HoBu3HA. B oT/inume OT CyIIECTBYIOIINX METOOB
OOHapYKeHMsI AaHTPOTIOTEHHBIX U3MEHEHUI 36MHOI TTOBEPX-
HOCTWU 10 CITyTHUKOBBIM CHUMKaM, TIpeIOXKeHHast nHdopma-
LIMOHHAS TEXHOJIOTUST UCITONIb3YeT HeTIOCPEICTBEHHOE BBIYMC-
JIeHUe HOPMaJIM30BaHHOTO PA3HOCTHOTO MHAEKCA BPEMEHHBIX
m3meHeHnit NDI st 3amaHHO TTapbl pa3HOBPEMEHHBIX CITyT-
HUKOBBIX U300paKEeHMU, 4TO CYLLIECTBEHHO CHMXAET TpeOoBa-
HUSI K BBIUYMCIIUTETIBHBIM pecypcaM, o0ecrieunBasi Ipu 3TOM
0oJiee BBICOKYIO TOYHOCTD BbIIEJICHUST TPAHUL] HOBBIX O0BEK-
TOB He(hTeTOOBIBAIOIINX TUIONIAIOK. BeenmoromHocTs MOHUTO-
puHra obecreyrBaeTcsi UCMOIb30BaHUEM PaJapHBIX JAHHBIX.

IIpakTuyeckas 3HaYUMOCTh. biaromapsi BICOKOU crerie-
HM aBTOMAaTM3alluu, pa3paboTaHHas MH(GOpMaIIMOHHAs TeX-
HOJIOTHSI MOXET OBITH TPOTPAMMHO peajin30BaHa B BUIE Te0-
nHGOPMALIMOHHOIO BeO-CepBHUCa BCEIOIOJHOTO OINepaTuB-
HOTO MOHUTOPWHTA paitoHOB HedTenoobrun. Llenssmu Takoro
BeO-cepBUCca MOTYT SIBJISITbCS: OMpeeSeHre TUIOIIAaau Me-
CTOPOKIIEHUIA; KOHTPOJIb TIPOU3BONICTBEHHON aKTUBHOCTH 1
OlLIEHKa 00beMOB He(pTe100bIYM; HAA30pP 32 CTPOUTEHHOU U
TIPOU3BONICTBEHHO NESTEIbHOCTHIO W OIIEHKA TeXHOTEHHOM
Harpy3ku B paiioHax He(Teq00bIYH.

KimoueBbie cioBa: monumopune neghpmedobuiuu, Sentinel-
1A/B, Sentinel-2A/B, myavmucnekmpanvhvle CHUMKU, 00pa-
bomia uzobpaxcenuil, 0OHapy’ceHue UsMeHeHUll
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