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We present the structure of geoinformation system integrated with the archives of remote sensing
data obtained in ASU space monitoring center. The technological features of the system, the
sequence of processing, cataloging and visualization of satellite data are presented. A new
element of the developing system is a subsystem for control under computational processes using
the web-based admin panel. This subsystem created using the Celery library.
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B cmamve npedcmasnena cmpykmypa 2e0uHGOPMAYUOHHOU CUCMEMbL, CONPANCEHHOU C apXueamu
OAHHBIX OUCMAHYUOHHO20 30HOUPOGAHUs 3emau yeHmpa Kocmuueckozo monumopunea Anml'y.
Ob6cysicoaromes  mexHonocuyeckue 0cobeHHocmu pabomsl CUCmeMbl, ROCLEO08AMENLHOCb
obpabomkuy, KAMaiOSU3AYUU U GUIVALUAYUU CHYMHUKOBbIX OaHHblX. Hoebim snemenmom
paspabamvléaeMoi  cucmemvl  AGNAEMCs  NOOCUCIEMA  YAPAGNCeHUs  GbIYUCIUMETbHbIMU
npoyeccamu 0opabomxu 0aHHbIX Yepe3 web-unmepdgheiic naneru admunucmpamopa, cO30aHHAs C
ucnonvzosarnuem oubnuomexu Celery.
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BBenenue

CIyTHHKOBBIE CUCTEMBI AMCTAHIMOHHOTO 30HAMPOBAHUS 3€MJIH ITO3BOJSIOT OCYIIECTBISATH
ONEpPaTHBHBIH MOHHMTOPHUHT COCTOSIHUSI aTMOcC(epbl U MOACTHJIAIOUICH MOBEPXHOCTH Ha 3HAYH-
TEJIBHBIX MO IUIOMaAH TeppuTOopusiX. [lomydaemsle 6onbine 00beMbl TaHHBIX B BuguMoM, UK- u
CBY-guana3zoHax CTUMYJIUPYIOT pa3paboTKy 3 hekTHBHBIX HHOOPMALIMOHHBIX CUCTEM KaTaJIOT U-
3a1uK, 00pabOTKH M MPEACTaBICHUS CIIyTHUKOBBIX JaHHBIX. Takue CHCTEMBI IO3BOJISIT IIPHUBIICYb
HIMPOKUH KPYT IMOJIb30BaTelIel K PElICHUIO 33a/1ad PEerHOHaIbHOrO CIIYTHHKOBOTO MOHUTOPHHTA,
HCCIIEIOBATEIBCKUX 3a7ad, a TaKk)Ke 00ECIeYUTh ONEPaTUBHBIMH JaHHBIMH OPTaHbl YIPaBJICHUS
TEPPUTOPHUSIMH.

B pabore npezncraBiieHbl pe3ynbTaThl pa3pabOTKH reonopTaabHOW CHCTEMBI, HCIOIb3YONIeH
JaHHBIE, MTOJy4aeMble B PEKHUME PeallbHOI'0 BPEMEHHU CO CIYTHHKOBBIX mpubopoB MODIS/Terra,
MODIS/Aqua, AIRS/AMSU-Aqua, VIIRS/NPP, a Take BOccTaHOBJIEHHBIE 110 HUM reo¢usnye-
CKHe MponyKThl ypoBHs 2 [1]. B cepuu Hammx panHuX padoT (M., Hanpumep, [2, 3]) npexncraBieHa
MOJIEJIb TIOCTPOEHHUS XPaHHWIINIIA JAHHBIX OOJIBIIOr0 00beMa, OCHOBaHHAs! HA NCIOIb30BaHUH He-
PEAMUOHHOTO IMOaAX0/a pa3paboTku 6a3 qaHHBIX ¢ oMol b0 NoSQL-texHomoruu. [IporpaMmubie
Moy, peanusyronue napagurmy NoSQL, pazpaboTaHbl 1 BHEIPEHBI B JEHCTBYIOUIYIO T'€OHOP-
TalbHYy10 cuTeMy. Llenplo cTaThy sBISETCS aHAN3 BO3MOXKHOCTEH CHCTEMBI yIIPaBIIEHUs KaTaJo-
ruzanuei, 00paboTKOM U MpeACTaBICHHS PE3yIbTaTOB CIIy THUKOBBIX N3MEPEHHH C HCIOIb30BAHU-

eM web-TexHonoruii.

ApXHUTeKTypa 1 NpUHIMN padoTsl cnenuaausuposannoit I'NC

Jlist opraHu3anuy 0cTyIa Mojb30Bareilell K CIIyTHUKOBBIM JaHHBIM ObLTa pa3paboTaHa reo-
nopTajbHas cuctema [2, 3], mpousBeeHa ee HHTETpallus ¢ XpaHWIHUIIEM CIIyTHUKOBBIX JaHHBIX B
¢opmare HDF [1, 4]. CepBepHast 4acTh cHCTEMBI pa3paboTaHa ¢ UCIOIb30BaHHEM Web-1aTdopMsl
Django. /lannas miatgopmMa no3BoisieT MaKCUMaJIbHO aTOMU3UPOBATh Pa3IMuHbIE MOAYJIH CUCTEMBI,
YTO, B CBOIO OYEpElb, JACT BO3MOXKHOCTH NPOU3BOJUTH MOIU(BHUKAINIO OTACIBHBIX KOMIIOHEHTOB,
MUHUMAaJIBHO BIUssA Ha ocTanbHbIe [3]. [IpuHnmm paboTel reonopTaibHON CHCTEMBI IIPEACTABICH Ha
puc. 1.

[Tonp3oBaTenp ¢ momouibo web-uHTepdeiica MOKET MOJTYyYUTh KaK TOTOBBIE KapThI C JaH-
HBIMH TI0 PETHOHY, TaK U apXWUBHBIE — M3 KaTaJIora 10 MHTepecyomeil ero Tepputopun. Ilocie
3aI0JTHeHHs I0Jb30BaTeneM (GOpMBI 3ampoca, Iie eMy HY)XHO yKa3aTbh, C KaKoro CIyTHHKO-
Boro nmpubopa, M0 KAKOMYy PETHOHY U 3a KaKyl0 JaTy eMy HYKHBI JaHHbIE, (OpMHUpYETCS 3a-
IpOC, UCXO S U3 KOTOPOTO MEHeAXKep 3aaHui co3naéT 3aJauy Ha 0OpabOTKy U IpeJCTaBICHHE
napopmanuu. Ha 3ToM 3Tame mpUMEHSIOT BO3MOXKHOCTH HOBOM IOACHCTEMBI AaCHHXPOHHOTO
yHpaBJIeHHs npolieccaMu o0paboTKU CyTHUKOBBIX JAHHBIX, KOTOpas Obliia pa3paboraHa ¢ uc-
nosib3oBanreM 6ubnuorexku Celery. JlanHas mopcucremMa uMeeT cienyonue GQyHKIHOHAIbHbIE
BO3MO>KHOCTH:

e BrinmonaHeHue 3a1aHNi ACHHXPOHHO UITM CHHXPOHHO.

e BrinosHeHue NepuoAMYeCcKUX 3aJaHnuii 110 3apaHee chopMUPOBAaHHOMY PACITHCAHUIO.

e BrInmonHeHne OTI0KEHHBIX 3a/laHUi.

e PacmpeneneHHOE BBINOJHEHHE (3aaHHE MOXET OBITh 3allyIIEHO Ha HECKOJIBKUX CEpBEpax

(worker-cepepa)).
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Puc. 1. Biiok-cxema paboThI reonopTaibHOM CHCTEMBI

e B mpenenax oxHOTro cepBepa BOZMOXHO KOHKYPEHTHOE BBIIIOJIHEHHE HECKOIBKHUX 3a/1ad (01-
HOBPEMEHHO).

e BrimonHeHune 3a1aHuil TOBTOPHO, €CIIM BO3HUKIIN KaKHUE-THO0 OMIMOKH.

e OrpaHHYEHHUE KOJTMYECTBA 3aJaHUN B €AUHUILY BpEMEHHU.

e MOHHTOPHUHI BBINONHEHUS 3anaHuil. [[as 3TOro B maHene aJMHUHHUCTpATOpa reornopTaa

Mpe1yCMOTPEeHA JaHHAsI BO3MOXKHOCT.

e HMHdopmupoBaHue 0 pe3ysbTaTax BHIIOIHEHNS 3aJaHUH 110 SJIEKTPOHHOH MOYTe.

e [IpoBepka 3aBEepIIEHHOCTH 3aJaHUS.

Jns maTerpanuu Django ¢ 6ubnnorekoit Celery mcnons3yercs naker django-celery, koro-
phiit mpeaoctasisieT TexHosoruto Django ORM (object-relational mapping) nns coxpaHeHus pe-
3yJBTaTOB BBHINIOJTHEHUS 3aJaHUH, a TAaK)Ke aBTOMAaTHYECKH HAXOAUT M PETHCTPUPYET 3aJaHUs
Celery nus npunoxenuit Django. Ha puc. 2 moka3zana 00k-cxema paOOThI MOJACHCTEMBI YIIPaB-
JIeHUs BBIYUCIUTEIBHBIMU MpOIieccaMu 00pabOTKH CITYy THUKOBBIX JAHHBIX TeONH(DOPMAIIMOHHOMN
CHUCTEMBI.

[Tpu BeIMONTHEHNH 33124 00pabOTKU JaHHBIX PeaTr30BaHa BO3MOXKHOCTB ITOCTPOEHUS KapT IO
peruoHam, KOTOpPbIE MOT'YT TOJIBKO YACTHYHO BOMTH B 00JIaCTh M3MEPEHHSI CIIY THUKOBOT'O TpUbopa 3a
OIIMH IIpOXoJ (IpaHyia), APyTHe 3alpalInBaeMble YaCTH MOTYT BOMTH B CJEIYIOIIYIO HJIN IIPEAbIAY-
IIYI0 TpaHyily, a TaKXKe B I'PaHyIy APYroro CIyTHHKA, HMEIOIIETO aHAJIOTUYHYIO H3MEPUTEIbHYIO
annaparypy. s pemenns 3agadu 00beAMHEHUS I'panyl Ha ocHoBe Onbnmmorek GDAL [5] pazpabo-
TaHa yTUJIUTA JJIs 00bequHEHHS NaHHBIX pa3nudabix HDF-daitios ¢ mocieayromeii nx KoHBEpTa-
nueii B popmar Geotiff [2]. B maHenu aqgMIHICTPUPOBAHNS pPeaT30BaHa BO3MOXXHOCTh ()OPMHPOBa-
HUS 33124 Ha 00pabOTKY AaHHBIX 110 MPOU3BOJILHOMY PAaCIMCAHMIO, HAIIPUMED, Cpasy mocje npuéma

JaHHBIX.
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RabbitMQ
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Puc. 2. biok-cxema paGoThI MOACUCTEMBI pacTIpeIeNICHUS IIPOLECCOB 00PadOTKH CITy THUKOBBIX JaHHBIX

[Mocne npeobpa3oanus aanHbeix B Geotiff nus npenocraBieHus pe3ylbTaToB 00pabOTKH
JaHHBIX B T€OMOPTAIBHON CHCTEME HCIIONb3yeTcsl KapTorpaduueckuii cepsep UMN MapServer,
pabotarpmuii B pexxume WMS-cepsepa (Web Map Service). 3To 1103BOJIsSI€T HE TOJBKO 0TOOpa-
XKaTh KapThI-pPe3yJbTAaThl C IOMOIIbI0 web-mHTepdeiica, HO W HCIOIb30BaTh CEPBEPHYIO YacTh
reonopTajbHO CHCTEMBbl B KadecTBe web-cepBuca, CIOCOOHOIO NPENOCTaBISATh JaHHbIE Ha-
croneHbIM 'MC-nporpammam, Hanpumep, TakuM, kak QGIS, GRASS, ENVI u ap. WMS — cTaH-
JapTHBIA POTOKOJ JJIs1 00cny)KuBaHus yepe3 MHTepHeT reorpaduyecku nNpuBs3aHHbIX H300pa-
KEHUH, TeHEpUPYEMBIX KapTorpauuecknuM cepBepoM Ha OCHOBE HH(popmaiuy u3 0a3bl TaHHBIX
I'C. Hasnauenuem WMS-cepBepa sBisieTcst o0paboTka kaprorpaduueckux zamnpocos k ['HC,
KOTOpasi IOCTABIISICT BHEIIHEMY KJIMECHTY HEPapXHuI0o KapTorpaduIecKnuX CI0EB U pacTepU30BaH-
HOe n300pakeHHue KapThl.

ITpu pabote ¢ XpaHUIUIIEM CIIy THUKOBBIX JaHHBIX F€ONOPTAIbHAs CHCTEMa He 00paIiaeTcs Ha-
INPSAMYIO K XpaHUJIUILY, a 3allpalluBacT JaHHbIE Y IOACUCTEMBl KaTajoruzauuu. s oprauuszanuu
KaTaJoroB JaHHBIX HCIIOIb3YeTCsl JOKyMEHTHasl CHCTeMa ympasiieHHst O0azamMu naHHbIXx MongoDB
[6], peau3yroliasi HEPEISIUOHHYIO TEXHOJIOTHIO ocTpoeHust 0a3 manHbIX NoSQL. OCHOBHOU KOH-
Lenuueil B JOKyMEHTHBIX 0a3aX MaHHBIX SIBJISIETCS HOKYMEHT. ba3a MaHHBIX XpaHUT M H3BIICKACT
nokymeHnThsl B popmarax XML, JSON, BSON u np. 3T ZOKyMEHTHI MPENCTABISAIOT cOOOW camo-
OIINCHIBAEMbIE HepapXHUECKHEe IPEBOBHIHbBIE CTPYKTYPHI JaHHBIX, KOTOPBIE MOTYT COCTOSTH U3 ac-
COIIMaTUBHBIX MaCCHUBOB, KOJ'[J'[CKHI/II\/’I " CKaJIAPHBIX 3HAYEHUH. I_IOKyMeHTHI)Ie 0a3el JaHHBIX XpaHAT
JOKYMEHTBI B KQUeCTBE 3HAUCHHH B XPaHUIIUILNAX TUIA «KJII0Y-3HaueHUe» [7]. [IoHsITHE «JOKyMEHT»
B MongoDB M0XHO MHTEpIPETHUPOBATh KaK CTPOKY B TabIUIE PEISIUOHHBIX 0a3 naHHbIX. Cxema

JAaHHBIX B PA3HBIX JOKYMCEHTAX MOXKET U3MCHATBHCA, HO IIPHU 3TOM pPa3HbIC JOKYMCHTBI MOT'YT ITPUHA-
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JIEKATh OJTHOW M TOH )K€ KOJUICKIIMH — B OTJIMYUE OT PEJISLIMOHHBIX 0a3 IaHHBIX, B KOTOPBIX KaXKaasi
CTpPOKa B TaONHUIE NTOJKHA UMETh OIHY M Ty K& cxemy. TakuMm oOpa3oM, eciTu BO3SHHKAET HEOOXO-
JUMOCTh M3MEHUTH TOJIS 3aliCel B TOKyMEHTE (CTPOKE), KOTOphIe OMUCHIBAIOT KaKHe-Tnbo Xapakx-
TEePUCTHKHU (DAalIIOB CITYTHUKOBHIX NAHHBIX, TO JOCTATOYHO OTPAa3UTh M3MEHEHHUE B MPOrPaMMHOM
KoJie. DTO MO3BOJISET MPOU3BOJIBHO JOOABIATH JIFOOBIE MapaMeTphbl ONMKUCaHUs KaKuX-1u00 (haiiios,
HE BJIHSS IIPU 3TOM Ha OOIIYIO CTPYKTYPY KaTanora. B mporecce MHUIIMATH3aIAN KaTajaora JaHHBIX
UCIIONIB3YeTCs yTUIINTA, OCHOBaHHas Ha kommoHeHTe gdalinfo 6ubnuorexkn GDAL [5], koTopast maet
BO3MOKHOCTb IONTyYaTh MOAPOOHYI0 MHpopManmio o ¢aiinax reorpadpuueckux maHHBIX. Ha ocHO-
BE€ 9TOW YTWJIMTHI C MCIOJIB30BAHUEM CPEJICTB s3blKa IMporpaMMupoBanusi Python 6bu1 paspaboran
CICIMAJIBHEIN MOYJIh, KOTOPBIA HA BXOJ MOTYy4YaeT HHPOpMAIIHIO 0 (ailyioBOl cucTeMe XpaHIIHINA
CIIyTHUKOBBIX JaHHBIX, B YaCTHOCTH TabJMUIy NyTel K COXpaHeHHBIM (aiigam. 3aTeM peKypcHuBHO
3aHOCHUT TOJIy4EeHHYI0 HH()OPMANHIO B KaTajor 6a3sl faHHbEIX. Ha stamne padots ¢ CYB/l MongoDB
ucnonb3yercs 6udanoreka PyMongo. DTo pa3oBasi onepanus, mocjie KOTopord uHpopMaIus 0 HO-
BEIX JIAaHHBIX IPOCTO JIOMHCHIBAeTCS B Katanor. OOHOBJICHHE KaTayora MPOUCXOIUT Cpasy Ke IOoCIe
IpreMa JaHHBIX C IOCTAaTOYHO BEICOKUM BPEMEHHBIM pa3peuieHreM (IIPUMEPHO HECKOIBKO Pa3 B CyT-
KW), ¥ PaKTHYECKH CPa3y JaHHBIE MOTYT OBITH JOCTYITHEI IIOJIB30BATEISIM reornopTraia. Komrekims
THOJIEH, ONTUCHIBAIOIINX HH(OpMaIHIO 0 (aiiyiaX B XpaHHIIUIIE JAHHBIX, UMEET CTPYKTYPY, TOI00HYIO
MIPUBEACHHON HUXKE:

{ «_id»:id 3anucu karamsora B/,

«product»: IPOAYKT,

«Filey: / myTs K aitny /,

«GRINGPOINTLATITUDE” : mupora,

“GRINGPOINTLONGITUDE” : noxnrora,

“RANGEBEGINNINGDATE” : “2012-12-05” }

[rs— 3
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Puc. 3. [Tonb30BaTenbckuit web-unTepdeiic HHPOPMaUOHHOW CHCTEMBL
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B npumepe nokasaHa JUIb 4acTh MoJiel onucanus (aitnos B katanore. J{is XpaHeHHs JaHHBIX
ucnoibiyetcst JSON/BSON-momo0Has cxema JaHHBIX [0 TPUHIIAITY «KITI0Y-3HadeHue» [6, 7]. Y xax-
JIOH KOJUIEKLIMH TOJIeH ONMCAHUI €CTh CBOM MHINBUyalbHbINH UACHTH(GUKATOP — 1d, KOTOPBIA MOXKHO
ycTaHaBJIHUBaTh IporpaMMHoO. [To ymonuanuo CYB/l MongoDB renepupyeT ux aBTOMaTHYECKU. TeM
CaMbIM MOYKHO PeajM30BbIBATh BEIOOPKH U3 KaTajiora (haiioB Mo pa3inyHbIM KPUTEPUSIM, HATIPHUMED,

TAKHUM, KaK pETUOH (H.[I/IpOTa, Z[OJ'II'OTa), JaTa U BpeMsa C"béMKI/I, Ka4u€CTBO JaHHBIX, 00JIaYHOCTh U Aap.

3akaroueHne

Hurerpanus web- u ['IC-TexHOIOrHUi MO3BOJISIET IIPUBJICYb NIHPOKHIA KPYT MMOJIH30BATEICH TSI
pelIeHus 3a71a9 ONePaTHBHOTO KOCMIYECKOTO MOHUTOPHHTA. [IJIs 9THX 3a/1a4 akTyaJbHa pa3paboTka
TEXHOJIOT M, MO3BOJISIOMIAX MPOU3BOAUTH COOp M3MEPEHHBIX 3HAYCHUH U 00pabOTKY BCEX MOCTY-
MAIONINX B PEXKUME PEallbHOTO BPEMEHHU MOTOKOB JAHHBIX C MOCIENYIOMeH WX KaTalloru3amued u
HHTErpanuei ¢ bazaMu KapTorpapuueckoi nHpOpMaIUH.

B craThe mpencTaBieHBI pe3yIbTaThl Pa3pabOoTKH Te€ONOPTATBHON CHCTEMBI ONEPAaTUBHOTO pe-
THOHAJIBHOT'O KOCMHUYECKOTO MOHUTOPHHTA, CONMPSIKEHHON C KaTajJoraMu JaHHBIX JUCTAHIIMOHHOTO
30HIUPOBaHUsS 3eMIIH, pa3padOTaHHBIX ¢ Ucmonb3oBanneM NoSQL-rexHonorun. HoBBIM 3i1eMeHTOM
pa3pabarpiBaeMOi CUCTEMBI SIBJISIETCS TOJCHCTEMAa ACHHXPOHHOTO YIIPABIEHUsS BHIUYNCIUTEIbHBIMU
mporeccaMu 00padOTKHU JaHHBIX Yepe3 web-uHTepdeiic, co3maHHas C HCIOIb30BaHUEM OUOIHOTEKH

Celery.
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