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Pa3paGoTka 06124H0ii H BEICOKONPOH3BOAHTEILHOI NAATHOPMBI /151 AAHHBIX
HalmoneHus 3emin

Pe3ome

Maunbie HaGmonenns 3emn (H3) npencrasisior coGoii orpoMHbIi 06beM HH(OPMALIH,
COOpaHHO¥ CO CIYTHUKOB, CAMOJIETOB, IPOHOB M HA3EMHBIX JATYHKOB. ITH HAHHBIE HEOOXOMUMBI
/Ul MOHMTOPHHIA OKPYXKAIOIIEH CPEeJibl, NMPEAOCTAaBNAS MHPOPMALKMIO O PasMUHBIX CIOSAX
3emin, BKmouas arMocepy Wik BoJHbIE pecypchl. YBequueHnne oObema aaHHbix H3 Tpedyer
OFPOMHBIX ~ BBIYMMCIMTEIBHBIX PpeCypcoB Jjuid 00pabOoTKM KpyrnHOMAcmTaGHBIX JaHHBIX
JIMCTAHLMOHHOTO 30H/IMPOBaHHUs.

Hccnepoparensekue coobiiecTsa JIMGO HCIIONB3YIOT CIEHHATU3HPOBAHHbIE mnargopmel H3,
WM MOJIB3YIOTCS OOWMMM CEPBMCAMM M BBIYHCHMTENLHBIMH PECYPCAMH  OGAIBLHBIX
MH(PACTPYKTYPHBIX MpPOBAaiJEpoOB, Takux kak Amazon, Google miu Microsofi, KOTOpbIE
NpEIaraioT y10GHbIC CEPBUCHI M OTPOMHBIE BBIYHCIMTEIbHBIC MOILIHOCTH M PECYDPChl XpAHCHHUS
JaHHplX. OGa 1NOAX0a MMEIOT CBOM MPEMMYLIECTBA W OrpaHM4eHHs. Paznuumbie
CHCUMATM3UPOBAHHEIC UIATGOPMBI MPETAraloT  KOMIUIGKCHBIC DELIEHHs s J0CTYIIa,
00paGoTkn ¥ Bu3yanusaumyu AaHHeIX H3, Takue kak Sentinel Hub (SH), Google Earth Engine
(GEE), WEKEO, CREODIAS u ap. DT niar)opMbl MHTErPUPOBAHBI ¢ BHIYHCIUTE LHbIMY
MH(PACTPYKTYPAMH, TIPE/UIaraeMbIMK MUPOBBLIMHU 00MaYHbBIM 1 nposaiaepamu. B vactnocru, SH
paGoraer Ha Gase Amazon Web Services, GEE pasmemacrcs na Google Cloud Platform, a
obnaunsie muardpopmel WEKEO u CREODIAS, co3anHbIC 10 HHHLMATHBE Copernicus, - Ha
CloudFerro. Takum 0Gpa3oMm, MOJ0GHBIE peIICHMsS SBISIOTCS OOUMMH W JIOCTYITHBI TOJIBKO
NOJb30BATENSIM  TeX WH(PACTPYKTYp, KOTOphie IUIATAT 32 MCHONL3YEMBIE PECYpChI.
CymweCTBEeHHBIM OrPaHMYEHHEM SIBISETCS TAKKE PUBS3KA K BEHAOPAM, MOCKONbKY NEPEXO Ha
Apyryio miaaropMy Wik 061a4HOro NpoBaiiiepa M3-3a HANMYMS TPONPUETAPHBIX (OPMATOB M
MHCTPYMEHTOB 3aTPy/iHEH ¥ TPeOyeT GONBIINX 3aTpar.

YUtoObl YMEHBIIMTH 3aBHCHMOCTH OT MOCTABIIMKOB M OOIIMX pemeHui, oObIYHO
MCIIONB3YETCS peanu3alus KOHLCIIMHU Ky0a JaHHBIX HAGJIOACHHS € OTKPHITBIM MCXOIHBIM
KOJ1oM, u3BecTHas kak miardopma Open Data Cube (ODC). ODC opranusyer saunbie B opmare
KyGOB, 4TO OOJCr4aeT MPOBEICHHE INPOCTPAHCTBEHHO-BPEMEHHOIO aHamu3a. SIBJssch
CaMOCTOATE ILHOH ILIaT(OPMOiA 1 HE 3aBHCS OT KOHKPETHBIX BBIMHCIMTENLHBIX HH()PACTPYKTYD,
ODC oGecneunBaer ruGKoCTb, I03BOJISS TONB30BATENAM CO3/ABaTh CBOM IK3EMIUISIPbl 1
aJIaNTUPOBATh CUCTEMY K CBOUM YHHKaJIbHBIM noTpebHOCTsIM. Otako cpena ODC crankuaetcst
¢ npoGiemMaMu rOPM3OHTAILHOM MAcIITaGMpPYEMOCTH, IPOM3BOAMTELHOCTH M APYTHMH
(paxropamu, HeoGX0AMMBIMH I (P EKTHBHOI PaBOTHI ¢ PACTYHIMMH [I0TPEGHOCTEH B TAHHBIX
H3. Kpome Toro, 3arpyHeHo aBToMarnyeckoe Npe0CTaBiCHUE CTOPOHHUX BEIYHCITHTEbHBIX
uHpacrpykryp ¢ ODC.

YauThiBasg YKA3aHHbIC OIPAHMMEHHSA, HEOOXOAMMO pa3spalorarh —HE3ABHCUMYIO OT
BBIUMCIIUTE]ILHON HH(PPACTPYKTYPhI KOMIUIEKCHYIO CHCTEMY 0OpaGOTKM JaHHBIX HAGIIONCHUS
3emi, 06ecrneunBaloONyl0 THOKHE W MacuIraGupyemiie PCLICHUS € YYETOM BaOXKHEHIIMX
KJIIOYEBBIX MOKa3areneii 3 hpekruBHoCTH.



Lleab n paccMaTpHBaemMble 3a1a4H

OCHOBHO# 1Ie/IbI0 paGoTHl ABJSETCS pa3paboTka MacITabUupyeMOM KOMIUICKCHOH CHCTEMBI
oGpaborky aauHbix H3, He 3aBUcALIEH OT BRYMCAHTENBHBIX HHpAcTPyKTYyp. [llsl 10CTHKEHHS
HTOM LEJIH PACCMATPUBAIOTCS CJICAYIOLIME 3a/1a4H:

1. PaspaGorarh MacuITaGupyeMyto 1 6ecCepBEpHYIO KOMILIEKCHYIO cHCTeMy 0GpaboTku
nanHbix  H3, B3aMMOACHCTBYIONIYIO C XPaHWJIMIIAMM JI@HHBIX M OGJIA4HBIMH
BBICOKONPOM3BOAMTENILHBIMM  MHPACTPYKTypaMM ¥ HE  3aBHCANIyl0  OT
BHIUMCIHTEILHBIX MH(pPAcTpyKTyp, obecmeunBaiomyio dQQekTuBHyi0 M THOKYIO
00paboTKy JaHHBIX.

2. PaspaGorarh METOJ MHOTOOGBEKTHOM ONTHMM3ALMK NPU BHIOOPE PACHPE/IENeHHOro
BBIYMCIMTENBHOrO KnacTepa Juis oOpaGorku mammeix H3, oGecneunBaroniuii
MacHITa0MPOBAHUE BBIYUCIUTEIILHBIX PECYPCOB M0 TPEOOBAHUIO C YHETOM Pa3Iu4HbIX
(akTopoB, TAKMX KaK MPOU3BOMTEILHOCT H CTOMMOCTB.

3. OuEeHNUTH BIMSHUE METOI0B CKATHS JJAHHBIX HA PACTIPeIeNeHHYI0 00paboTKy GOJIbIIMX
naunbix H3, o6ecneunBas Gaianc MexXIy SKOHOMHUEH HAa XPAHWIIMIIE U YIy4lICHUEM
CKOPOCTH 00pabOTKH.

IpakTHUecKas 3HAYUMOCTL PadoThI

Pa3paGoTaHHas KOMILIEKCHAs CHCTEMA MOXKET ObITh MCIOMB30BaHa Ui 9 eKTHBHOU o0OpaboTku
KpymHOMacmTabHLIX AaHHBIX H3 ¢ yueToM NpOM3BOAMTENBHOCTH 00pAabOTKM JaHHbIX H
()aKTOpPOB  CTOMMOCTH €  MCHOJb30BaHMEM OONAYHBIX MM  BbICOKOMPOU3BOAUTEILHBIX

uudpacTpykryp.

CtpykTypa 1 06bem padoThbl

Jluccepranus COCTOMT W3 BBEICHWA, 4 [MaB M CIMCKA MCIO/Ib30BAHHOM JIUTEPATYPbI.
Juccepranus Hanucana Ha 109 cTpanuuax u umeer 124 CChUIKM Ha JIMUTEpATypy.

OcHOBHBIE Pe3yJbTaThl PadoThbI

1. PaspaGorana macuitaGupyemas, GeccepBepHas M HE3aBUCHMAs OT BEIMHCIHMTEILHOM
UH(PACTPYKTYpPhl KOMILIEKCHas cucteMa 06paboTku aanubix H3, yrosiersopsiomias
KIIOYEBBIM TIOKA3aTENSIM TPOM3BOAMTENLHOCTH Uil S dexTuBHONH 00paboTKU M
XpaHeHus KpynHoMaciTaGHeX ganueix [1, 4, 5].

2. PaspaGoran MHOTOLEJCBOW METOJ BHIOOpA PACHPECJICHHOTO BBIYMCIMTEILHOIO
kiacrepa a1 dddexrusHoit oGpaGorku danHeix H3 ¢ ydyerom ocoGeHHocTeH
BLIYMCIIMTEIBHBIX MH(PACTPYKTYP U CIIOXKHOCTH paboumx mporeccos [3].

3. PaspaGoTaH ONTMMM3UPOBAHHBI 1O MPOU3BOAMTENLHOCTH CEPBHUC MIPUHATHSA PEIICHUH
Juis Xpanenus fauubiX H3, pexoMeHyomuii 5 ) eKTUBHBIE METO/IbI CHKATUS TaHHBIX
JUISL TIOBBIIICHUS POM3BOAMTENILHOCTH UX 0GpadoTkH [2, 5, 6, 7].
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Development of a cloud and high-performance platform for earth observation data

Abstract

Earth observation (EO) data represent the vast amount of information gathered from satellites,
airplanes, drones, and ground-based sensors. This data is essential for aiding environmental
monitoring, providing information on different layers of the Earth, including the atmosphere or
water resources. Increasing EO data requires enormous computing resources to process large-
scale remote sensing data.

Research communities either utilize specialized EO platforms or leverage shared services and
computing resources from global infrastructure providers like Amazon, Google, or Microsoft,
which offer user-friendly services along with enormous computational and storage capacities.
Both approaches have their advantages and limitations. Various specialized platforms offer
comprehensive solutions for accessing, processing, and visualization of EO data, such as Sentinel
Hub (SH), Google Earth Engine (GEE), WEKEO, CREODIAS, etc. These platforms are
integrated with the computing infrastructures offered by global cloud providers. Specifically, SH
operates on Amazon Web Services, GEE is hosted on the Google Cloud Platform, and the cloud
platforms WEKEO and CREODIAS, initiated by Copernicus, are situated on CloudFerro.
Therefore, such solutions are general and available only to users of those infrastructuies that pay
for the used resources. Vendor lock-in is also a significant limitation, as switching to another
platform or cloud provider due to proprietary formats and tools is difficult and expensive.

To reduce reliance on vendors and generic solutions, the common approach is to employ an
open-source implementation of the Earth Observation Data Cube (EODC) concept, known as the
Open Data Cube (ODC) platform. ODC organizes data in cube format, facilitating spatial and
temporal analyses. As a standalone platform and independent of the specific computing
infrastructures, ODC offers flexibility, allowing users to establish their instances and customize
the system to their unique needs. However, the ODC environment faces challenges in terms of
horizontal scalability, performance, and other factors crucial for efficiently handling the
expanding needs of EO data. Besides that, the automatic provision of third-party computational
infrastructures with ODC is complicated.

Considering the mentioned limitations, it is necessary to develop a complex O data
processing system independent of the computing infrastructure, which provides flexible und
scalable solutions, taking into account crucial key performance indicators,

The purpose and problems of the work

The main purpose of the work is to develop a scalable EO data processing complex system

independent of computing infrastructures. To achieve this goal, we consider the. following
problems:
1. Develop a scalable and serverless EO data processing complex system that is

interoperable with data repositories and cloud-HPC infrastructures and is independent
of computing infrastructure, ensuring efficient and flexible data processing.
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Develop a multi-objective optimization method for choosing a distributed computing
cluster for EO data processing, which will provide on-demand scaling of computing
resources, taking into account various factors such as performance and cost.

Evaluate the impact of data compression techniques on distributed Big EO Data
processing, striking a balance between storage savings and processing speed

improvements.
e

The practical significance of the work

The developed complex system can be used for efficient processing of large-scale EO data taking
into account data processing performance and cost factors using cloud or HPC infrastructures.

Structure and scope of work

The dissertation consists of an introduction, 4 chapters, and a list of used literature. The thesis is
written in 109 pages and has 124 literature references.

The main results of the work

i

A scalable, serverless, and computing infrastructure-independent EO data processing
complex system is developed to meet key performance indicators for efficiently
processing and storing large-scale data. [1, 4, 5].

A multi-objective method is developed for selecting a distributed computing cluster for
efficient processing of EO data, considering the specific characteristics of computing
infrastructures and the complexity of workflows [3].

A performance-optimized decision-making service for EO data storage is developed,
recommending effective data compression methods to enhance data processing
performance [2, 5, 6, 7].







