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OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTYa/IbHOCTB TeMbl. B Beqynux Hay4HbIX EHTpaX MUpa BEAYTCs UCCICAOBAHU

M0 pa3pabOTKe CHHXPOHHBIX CHUCTEM, 00eCICUNBAIOINX 00paboTKy U mepeaady JaHHBIX C
TIPUBS3KOH K IIKae eIMHOT0 MUPOBOTo BpeMeHH (aHri. coordinated universal time - UTC),
KOTOpBIE IPUMEHSIOTCS C LEeNbI0 M3MEPEHHs BHEIIHHX XapaKTePHUCTHK OKpYXaloIeH
cpembl ¥ UX OeCpOBOAHOMN Nepenadn B LEHTP cOopa TaHHBIX JUIi JajbHeimero aHanusa. B
OCHOBHOM, MOJOOHBIE CHCTEMBI IIMPOKO HCIOJB3YIOTCS B  Pa3IMYHBIX  cdepax
MPOMBIIUICHHOCTH JUTS yBeJUUeHUS () (GEKTHBHOCTH U YIYYIICHHS NPONU3BOAUTEIEHOCTH.
HX mnpuMeHSIOT B MONEBBIX YCHOBHAX Ui PabOTBI TOCPEACTBOM MAallOEMKOCTHBIX
aKKyMYJISITOPOB, a Takke BHEIPSIOT B aBTOMATU3HUPOBAHHBIX METEOCTAHIMSAX (AHTIL.
automatic weather station - AWS), HedTera3oBbIX CTaHIHAX, IAXTaX H T.1I.

B nHacrosimiee Bpemst B aBTOMAaTH3MpPOBAHHBIX METEOCTaHIMAX MHAWM BO3HMKIA
Oombmiass HEOOXOAUMOCTh TPHMEHEHUS CHCTEM pETUCTpalMd U Mepeladd NaHHBIX Ha
CIIyTHHKH, IIOJly4aeMBIX OT OONBLIOT0 KOJWYECTBA JaTYMKOB. Llenplo mpuMeHeHUs
MOOOHON CHCTEMBI SIBIISIETCS Pa3BUTHE CEIbCKOXO3IWCTBEHHOH OTpaciu ImyTeMm cOopa
U3MEpSIEMBIX 3HAYEHWH M WX aHalIM3a. OJTO MO3BOJAET BBIABUTh, B KaKUX ITOJEBBIX
YCJIOBHSIX MOXKHO OCYILIECTBHTH COOTBETCTBYIOLIYIO CENIbXO3/EATEeIbHOCTh. Takue ILesu
TIPECIIEAYIOTCS B psAAe APYTUX BEAYIINX CTpaH Mupa, kak Kuraii, Poccus, CILIA u T.1.

Hcxons n3 TOro, YTO CIyTHHKH PAabOTAarOT B PAa3HBIX YAaCTOTHBIX JHMAla30OHaX H C
pa3HBIMM THIIAMH MOJYJISILIMM, BO3HUKAeT HEOOXOAMMOCTh Iepexofia K peajM3aliu
KOHIICTIIIMY TTPOTPaMMHO-OINpeesIeMbIx paguocucteM (anri. software defined radio -
SDR), obecrieunBaromumx MOCTPOCHUE THOKMNX U TIEPECTPauBACMBIX CHCTEM CBSI3H, KOTOPBIE
MO3BOJISIIOT M30eXaTh W3MEHEHHs (QYHKIMOHAIBHOCTH IPHEMOIEPEaTYNMKOB 3aMEHOI
JIMIIB IPOTPaMMHOT0 obecriedeHus: 0e3 M3MEHEeHHUs CaMoTro 000PyIOBaHNSI.

PeructpaTops! 1aHHBIX ¢ IPUBA3KOM peaJbHOro BpeMeHU M ¢ npuMeHeHueM SDR-
paauonepeaaTiuKoB MOryT COBMEIIaTh q)yHKLII/II/I 3aIlycH, XpaHEHU U nepeaadn JaHHBIX C
BBICOKOW  TOYHOCTBIO, @ TaKXKe CO37aBaTb JIETKO PEKOHQHUIypUpyeMble |
perporpaMMHUpPYEMBIE CHCTEMBI CBSI3U C BHICOKOM HAIEKHOCTBIO M CO CTAOMIBHOM paboTOH.

Jlis  pa3paboOTKM W peaqu3allii CHCTEMbl OOpabOTKH W Mepefavyd JaHHBIX

HCCJIEAOBAaHbI aHAJIOTUYHBIC CUCTCMbI, UMCIOIIIUECA B )IaHHbIﬁ MOMEHT Ha PBIHKE, a TaKXKE
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OIMCaH MPUHIUII UX PaboTHL. B pesynbrare BELICHIIOCH, YTO padoTa peaJbHOrO BPEMEHH B
JaHHBIX CHCTeMax HecTaOWJbHa, Nepeaolye 000pyI0BaHus ITOJKII0YAIOTCS K CHCTEMaM
MOCPEJCTBOM BHENIHUX COCIWHEHUH, a CaMH CHCTEMBI MMEIOT BBICOKYIO CTOMMOCTb H
HOTPEOIIAIOT OOJBIIYI0O MOIIHOCTB, YTO 3aTPYAHSIET UX MPUMEHEHUE B IOJIEBBIX YCIOBHAX
IIPU HCHOJIb30BaHUU MAJOEMKOCTHBIX aKKYMYJISITOPOB.

Leab u 3agaum padortsl. Llenpio AuccepTallMOHHOW PabOTHI ABISETCS U3y4YCHHE

cucteM O00pabOTKM W Tepelayd [JaHHBIX, HCIONB3YeMbIX B pa3NIUYHBIX cdepax
MPOMBIIUICHHOCTH, HCCIIENOBAHNE HMMEIONMIMXCS B HHUX HEJOCTATKOB UI pa3pabOTKH M
peanu3anuy MOoJOOHOM CHCTEMBI CO CHIDKCHHOW IIEHOW M MOTpediseMOil MOIIHOCTBIO, a
TaKoKe ¢ yIy4IIeHHOW HaJeKHOCTBIO U CTaOMIBHOCTEIO.

Jlnst TOCTYDKEHUsI HAMEYEHHOH 11en B AUCCEPTALK OBUIN ITOCTABICHBI U PELICHBI
CIICIYIOIINE 3a1auu:

1. HccnenoBanue paboOTHl YCTPOKCTB, 00SCIEUHBAIONINX peabHOE BpeMs B CHCTEME,
Y MTOUCK NPUYHH BO3ZHHUKHOBEHHUS] BDEMEHHOTO OTKJIOHCHUSI.

2. HccnenoBanue npuHIMIA pabOTHl YCTPOWCTB PErUCTPALMHU TaHHBIX U Ieperaronieit
CHCTEMBI, pa3paboTKa MEeTola CHIDKCHHUS TOTPEOIIEMON MOIIIHOCTH.

3. Pa3paboTka CHCTEMBI pPErHCTpPAallMd M XpaHEHWs JaHHBIX C YMEHBIICHHON
MOTPEOIAEMO MOITHOCTBIO U C YJIYYIICHHBIM OBICTPOICHCTBHEM OOpabOTKH U
PETHCTpAaINX TaHHBIX.

4. Pazpaborka SDR-pammocucreMbl ¢ TpHUBA3KOH peaJbHOr0 BPEMEHH U CO
CTaOWIbHOM paboTOH, ¢ TMOMOIIBI0 KOTOPOM JaHHbIe OyqyT mHepenaBaThbCsi Ha
CITyTHHKU.

5. TlpoBeneHue cpaBHUTEIBHOTO aHATHN3a pa3pabOTaHHOM U CYIIECTBYIOIIIX CHCTEM.

6. Peanmu3anust CHHXPOHHOW CHCTeMBI O0OpabOTKM ¥ Tepeadd JaHHBIX Ha OCHOBE
pa3paboTaHHBIX METOIOB U MPOBepKa ee 3(PpHEeKTHBHOCTH 1 MPUMEHUMOCTH.
Hayunas HoBH3HA. B mpomecce uccrnenoBaHusi ObUIM IIONyYeHBI pE3yNbTATHI,

OTJINYAIOLIUECS] HOBU3HOM:

1. Pa3paborana cumcTemMa pErHCTpalMd W XpaHEHUs IaHHBIX, IOJNy9eHHBIX OT
0OJIBIIIOTO KOIMYECTBA JATINKOB C YMEHBIIEHHOH MOTPeOIsieMOl MOIIHOCTBIO, UTO
HO3BOJIAET MCIIOJb30BaTh CHCTEMY B TE€UEHHE JJIMTEIBHOrO IepHojJa BPEMEHH B

TIOJIEBBIX YCJIIOBUAX.
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2. IlpemyokeHbBl METOIBI, MO3BOJAIOIINE IOBBICHTh OBICTPOJNEHCTBHE CHCTEM
perucTpaniy W Iepefadyd JaHHBIX, YTO CYIIECTBEHHO YMEHBIIMT BpeMsi OOMeHa
nHpoOpMaIMel co CITyTHUKOM U CHU3UT CTOMMOCTb CHCTEMBI.

3. Paszpabotana BcTpanBaemas SDR-panuonepenaromas cucremMa i BHEAPEHHUS €€ B
pa3nMYHBIX cepax OKOHOMHUKH, IIOCPEACTBOM KOTOpOH OyZeT BO3MOXKHO
HepeiaBaTh 3aperucTpPHPOBAaHHBIC JaHHBIE 00 OKpYyJKarolieil cpene B LEHTP cOopa
JIAHHBIX.

4. PaspaboTana CHHXpOHHAs cucTeMa 00paOOTKH M Iepeady JaHHBIX C MPUBSI3KOH K
IIKaJIe eANHOT0 MHPOBOTO BPEMEHH C MOBBILICHHON BPEMEHHOM CTaOMIBHOCTBIO.

IIpakTHYeCcKasA IEHHOCTh.

1. Paspa6orannsiii meton nepeaaun GPS/ITJIOHACC crnyTHUKOBBIX HAaBUTAI[MOHHBIX
CHTHAJIOB C MOMOINbI0 IporpamMmuoro obecredenus (I10) m ¢ npuMeHeHHeM
COOTBETCTBYIOMIUX YCTPOHCTB MOXKET IPUMEHSATHCS ISl BOCHHBIX LIENEH.

2. Pa3paboraHHBIl MeTon KanmOpoBKkH TakToBoro rexeparopa (RTC) c¢ momomipio
IporpaMMHoO# soruueckoil uaTerpansHoi cxemsl (INIMC) MoxkeT npuMeHSThCS B
cucTeMax o0paboTKH U Iepeaunl JaHHBIX C IPUBA3KOH PeaJbHOr0 BPEMEHH.

3. Pa3paboraHHas cHCTeMa pPETHCTPAllMM W XpaHEHWs JaHHBIX, IOJIYYCHHBIX OT
MHOTOYHCIICHHBIX JaTYUKOB, MOXKET HMPHMEHSATHCS B IIEHTpax cOopa NaHHBIX IS
aHaNM3a XapaKTePUCTUK OKPYXKAIOMIEH Cpesibl.

4. Pazpaborannas cucrema SDR ¢ npuMeHeHueM TakroBoro reeparopa RTC moxer
NPUMEHSATHCS B GECIIPOBOAHBIX MEPEIAIOIINX CUCTEMAX JUIsl 0OeCTIeueHusl epeiadn
CHT'HAJIOB C TOYHOCTBIO JIO MUAJUINCEKYHI.

5. PaspaboTtaHHyl0 cHcTeMy peructpanuu JAaHHBIX ¢ SDR-pagmomnepenardmkom
MOXXHO HPUMEHATh B aBTOMATH3MPOBAHHBIX METEOCTAHIMAX, B HE(TEra3oBbIX
CTaHIWSIX, B IIIAXTaX M T.1.

BHeapenune pe3ysbTaToB  paGoThl. PeanmmzoBanHas cucrema 0Opa0OTKH U

nepeaayr AaHHBIX C NPUBS3KOI K IIKajde eAMHOT0 MHPOBOTO BpeMEHH Oblla BHEIpeHa
kommanueir "OLYMP Engineering LLC" coBmectHo ¢ "Microcomm India Ltd." B
ABTOMATH3UPOBAHHBIX METEOCTAHILMAX VHANM C LIENbI0 Pa3BUTHS CEIBCKOXO3SHCTBEHHON

OTpaciu.

© National Library of Armenia



OcHOBHBIE IMOJI0OKCHU A, BIHOCUMBIC HA 3AIIIUTY.

1. Meron ympaBieHUs YCTPOWCTBAMH, NPHHUMAIOINIMMH CHTHAJIBI OT OOJBIIOTO
KOJIMYECTBA AATYUKOB, KOTOPBIA MO3BOJISET YMEHBIIUTD MOTPEOIIEMYIO MOLIHOCTD
CUCTEMBI.

2. SDR-mepenaroniasi cucteMa, OCHOBaHHAas Ha MPUMEHEHHH TaKTOBOI'O TeHeparopa
(RTC) u IINIMC u mno3Bossiomas nepenaBaTth JaHHBIC HAa CIYTHUKH C BBICOKOH
TOYHOCTBIO.

3. Meron pacyera kamubOpoouHoro 3HaueHusi RTC, obecneunBaromuii (HUKCAIHIO
pPacXOXKICHUSI EOUHOrO MHPOBOTO BpPEMEHH B CHCTEME M, CIIE[0BaTebHO,
CHHXPOHHYIO pabOTy CHCTEMBbI B TCUCHHUE AJUTEIBHOTO IEPHO/IA BPEMEHH.

4. CrpyKkTypHas cxema W TPUHIUO PabOThl CHUCTEMBbI PETHCTPAIlMA W Tepeaadu
JIAHHBIX, TMOJYYCHHBIC Ha OCHOBE pE3YJIbTATOB pa3pabOTaHHBIX METOJOB H
MO3BOJISIIOLINE YITYUIIHTh TOKA3aTEIN XapaKTePUCTHK.

Anpooanusi_padoTrbl. OCHOBHBIC pEe3yIbTaThl AUCCEPTAllUM NOKJIAAbIBAJIUCh U

00CYXIaITNCh Ha:
® ©KEroJHBIX HAayuHBIX KOH(pepeHuusXx HanuoHambHOrO  MOJMTEXHUYECKOTO
yauBepcuteta Apmennu (HITY A, 6sBumii TUY A) (Epesan, 2013 - 2015 rr.);
e HayuHbIX ceMuHapax kadexapsl "PaamoyctpoiictBa" dakynbrera PaguorexHuku u
cucteM cBsizu HITYA (2013-2016 rr.);
Iyéaukanuu. Martepuansl AWCCEPTAlMM OMYONMKOBAaHBl B IIECTH HAayYHBIX
paboTax, CITUCOK KOTOPBIX IPUBEICH B KOHIIE aBTOpedeparta.

CTpyKTYpa ¥M_00bEM JAHCCEPTAIIHH. I[PICCGpTaLIHOHHaﬂ pa60Ta COCTOUT MH3

BBEICHMS, 4YETHIpEX IJIaB, OCHOBHBIX BBIBOJAOB M CHOHMCKa Jjureparypsl u3 106
HanMeHoBaHMH. OOmuii o0beM muccepTamuu COCTaBisieT 122 crpaHHUNBL, BKItodas 35

pUCYHKOB, 12 Tabmui. [JuccepTaiys HamucaHa Ha apMSHCKOM SI3BIKE.
OCHOBHOE COJEP)KAHUE PABOTBI
Bo BBeieHnn 000CHOBaHA aKTyaJlbHOCTh TEMBI HCCIIEAOBAHUS, CHOPMYTHPOBAHBI

Helab U 3aa9M HCCIICAOBAaHMSA, M3JI0OKCHBI HaydHas HOBHU3HA W IPAKTUYECKOC 3HAYCHUC

pa60T1>1, NPEeACTaBJICHbl OCHOBHBIC ITOJIOKEHUS, BBIHOCUMBIC Ha 3allIUTY.
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B nepBoii ri1aBe naercs oblee onucaHue cHCTeM 00pabOTKH U Iepeady JaHHBIX
C TPUBS3KOW pEaTFHOTO BPEMEHH, OOCYXAEHBI TiaBHble noctoumHcTtBa I[LIJIMC mo
CPaBHEHHUIO C OIEPAIllMOHHBIMHU IpolieccopaMu Ui npuMmeHeHus B SDR-paanocucremax,
OIMCAaHBl OCHOBHBIE METOJBI PETHUCTPALUH M XPAaHEHUS NAHHBIX, MOJYYCHHBIX OT Pa3sHBIX
BHJIOB JTaTYUKOB. [IpuBeseHBI KpaTKoe onvcaHue pa3BuTus SDR W mpHHIMITEI MX pabOTHL.
IIpencraBneHsl pe3ynpTaThl aHAIM3a CHCTEM PpETUCTpallMd M Iepefadyd JaHHbBIX,
UMCIOLINXCS B MpoJake Ha NaHHBIA MoMeHT. [loka3aHo, YTO CyIIECTBYIOIIHWE CHCTEMBI
HMEIOT BBICOKYIO ILIEHy M TOTPEOJSIOT 3HAYMTENbHYI0 MOIIHOCTh, YTO 3aTPyHHSET X
TIPUMEHEHHE B MOJEBBIX YCIOBHUIX C MOMOIIBIO MaJOradapUTHBIX aKKyMyJsTOpoB. Mcxons
W3 LeJIU AUCCEPTAIOHHOM paboThI, MCCIEe0BAaH MPHHIUII PAa0OTHI CYIMIECTBYIOMIUX CUCTEM
U BBIICHEHBI MMeIoInecss B HUX HemocraTtkd. [lokasaHo, 4TO yCTpO#CTBa, MPUHUMAIOIINE
CHTHAJIBI OT JaTYUKOB, TPEOYIOT 3HAUUTENBHOTO PAacXxojia MOLIHOCTH, IIOCKOJBKY NaTIMKH
HETNPEPHIBHO OMPAIIUBAIOTCSA LEHTPAJIBHBIM IMporieccopoM. OTMEUEHO, UTO Uil XpaHEHUS
U3MepsSeMbIX JaHHBIX HEOOXOAWMa BBICOKOTOYHAs BpEMEHHas IPHBS3Ka K MIKaiaMm,
3a/1aBaeMbIM CHCTEMaMH, PabOTArONIMMHU ¢ aTOMHBIMH Yacamu (cuctembl GPS, TJIOHACC,
GALILEO u T.n.), a B KayecTBe 3aJaTydKa BPEMECHHOW IIKaJbl B CHUCTEME MIMPOKO
UCIIOJIL3YIOTCS Yachl peaibHOro BpeMeHH (aHri. real time clock, RTC). OnHako B cBs3H C
KOHEYHOH CTaOMJIBHOCTBIO 4YacTOTHI 33JaTYMKa CHCTEMBI II0CJE JUIMTENIBHOTO IepHona
paboTHI TepsIOT paboTOCTIOCOOHOCTD U3-3a PACXOXKACHH BHYTPEHHEW BPEMEHHON MIKAJIBI H
€IMHOTO0 MHPOBOro BpeMeHH. [Toka3aHO, 4TO MOCKOJIBKY CEAHCBHI CBSI3H CO CITyTHHKaMHU
HMEIOT MaJIyIo MPOIODKUTENLHOCTD B (PMKCUPOBAHHBIE 3apaHee MOMEHTHI BPEMEHH, OJJHOH
13 Hanbollee aKTyaJbHBIX MPoOIeM SBIAETCS Mepeaada N3MEPEHHBIX TaHHBIX Ha CITyTHUKH
B yKa3aHHBIE CEaHCHl CBS3H. [IpencTaBieHBl BO3MOXKHBIC PpEIICHHS s YCTpaHCHHUS
OTMEYEHHBIX HEJJOCTATKOB B pa3pabaThIBaeMOi CHCTEME.

B koHIe mepBoii ri1aBsl IPUBEICHBI IENb U 33a49H AUCCEPTAUOHHON pabOTHI.

Bo BTOpoOii rjaBe TpeANOKEHBI METOABI JUIS pa3pabOTKH  YCTPOMUCTB,

obecrieunBaomyX paboTy cucTeMbl 00pabOTKHM M HepeAayd JaHHbIX. Pa3paboTaH meron
Tepeayn CIyTHUKOBBIX HaBuranmuoHHBIX curHanoB GPS/TJIOHACC c¢ momomsio T10,
KOTOPBIH J[aeT BO3MOXHOCTHh wHccrenoBarh pabory RTC He3aBUCHMO OT yCIIOBHUS
BUMMOCTH CITyTHHKOBBIX I'PYHIHPOBOK M OOHApYXXUTh PaccOrIaCOBaHHE CHCTEMHOIO W

peanpHOTO BpemeH. [Ipemnoxkeno ucnons3zoate RTC ¢ nmeproanveckoi KaatHOpOBKOH 1O
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CHT'HAJIaM MHPOBOTO BPEMEHH, IPUCYTCTBYIOIIMM B CITyTHUKOBBIX cOOOIIEHUsX. [yt 5TOTO
RTC cnabxeH KannOpOBOYHBIMH PETHCTPAaMH, B KOTOPBIE 3aHOCATCS OIIOPHBIC 3HAYEHHUS,
noiy4eHHble pa3 B feHb 1o curaagam GPS/TJIOHACC u pa3 B Mecan KanuOpyromuecs ¢
MOMOIIIBIO CIyTHUKOBOTO curHana PPS (pulse per second), umeromiero nepuox 1 c.
Kambposka RTC c¢ Ttounocthl0O 10 1 Mc sBisercs OmHOH U3 (yHKIHMH,

npumensiemoii B cucteme IIINC (puc. 1).

GPS-npuemMank I C RTC

COM-nopt 12C

Hacrpoiika n
CHrHaIbI 1aThI K OodpaboTka 1 neperaya P
PperucTpauus HOBbIX
b 3HAYEHHIT

Puc. 1. Ctpykrypa 3anucu 3HaueHuii B peructpax RTC

Kax Bunno u3 cxems! puc. 1, IIJIMC nomyuaer curHainsl natel U BpemeHu or GPS
gepe3 COM-nopt u mocie 0OpabOTKH JaHHBIX NepenaeT HacTpoeunsle fanHble Ha RTC mo
nportokoiy 12C. [Ins cunxponuzanuu RTC ¢ GPS HacTpoeuHble JaHHbIE 3allMCHIBAIOTCS B
RTC, ucnone3ys ¢ponTsl curnana PPS. Mcnons3yercs nporokon 12C ¢ takrom 400 kI,
IUTSL 9€TO PACCUHMTHIBACTCS 3a/IepiKKa 3amucy 3HadeHni B peructpbl RTC, B pesynbrare uero
3amch HauMHAeTCs Mo GpoHTy mmityibca PPS u 3akaHumBaercs mo (GpoHTY cieayroero
nummynbsca. Mcnonssys ¢pontsl PPS, MoxxHO Taxke paccunrtars kKoindectBo TakToB RTC u

3ammcaTh KaTMOPOBOYHOE 3HAUSHNE IS (PUKCAIINH PACXOXKICHUS BPEMEHHBIX IIKAJI.

PPS-curnan

Puc. 2. Paccunrannsie TakTl RTC ¢ ucnonb3oBanuem PPS-curuanos
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Kak BugHo u3 puc. 2, B HIcaNbHOM Cllydae JOIKHO pacCuuThIBaThes 32,768
taktoB 3a nepuoj 1 ¢ B INIMC, Ho B peanbHOCTH paccuuThiBaeTca 32,7468 £ Any,. (roe
Ange — ommboyHoe 3HaueHue). Jlng wu3MepeHus OmMOOYHOro 3Ha4yeHUs Oblla
UCIIONB30BaHA CIMHMIA M3MepeHuil ppm (parts per million) u mpemnoxeHa ciexyromas

(hopmyrna pacuera 3HAYCHUS KATHOPOBKU:
k 'FI | :l
e — K
B }' Neps ) e))

J..l'lr: i

|

rge k= 1000000 ppm — KOHCTaHTa, 3a#arOlas TOYHOCTh Kanmubposku RTC; f = 2™ —

4acToTa TAaKTOBOro TeHeparopa = 1,2,..; Ff — MakcMManbHO BO3MOXKHOE 3HAYCHHE
TaKTOB KaJMOPOBKH, OIpENEIsieMOe 4YacTOTOH 3alalollero TIeHepaTopa CHUCTEMBI U
HHTEPBAJIOM MEXIy MOCIEN0BaTEIbHBIMU KaluOpoBKaMu; Npp:; — KoimudectBo PPS-
HMITYJIbCOB BO BPEMSI KaTHOPOBKH.

Paccuntannoe nmo (1) 3HaueHHe MOKa3bIBAET BPEMEHHOE OTKJIOHEHUE TaKTOBOTO
curHana RTC B konudecTBe UMITYJILCOB C IEPUOJOM 1 MKc.

ITokazaHno, 4TO B ONMUCHIBAEMO cUCTEME NIPUEMHBIE YCTPOMCTBAa UMEIOT s/l BXOJ0B
JUIS TIOAKITIOUEHHS JATYMKOB Pa3HBIX BUIOB. B aHamorn4HsIx cucteMax cOopa JaHHBIX 3TH
JATYMKKU HENPEPBIBHO OIPAIIUBAIOTCA LEHTPAIbHBIM NPOLECCOPOM, B PE3yJbTaTe 4ero
cucTeMa TpedyeT 3HaUUTEeNIbHOTO pacxoaa MomHocTy (1...2 BT). [IpuMmeHeHne ynpaBieHUs
BKITIOYEHUEM TNIPHEMHBIX yCTpOoHCTB ¢ momompio RTC mume B HEOOXOAWMBIE MOMEHTEHI
BPEMEHHU C OJIHOBPEMEHHOH perucrpanueil u3MepseMbIX BeIMYMH U OpraHu3aiueil ooMeHa
JAaHHBIMU MEXXIy BCEMH YCTPOWCTBAMH BHYTPH CHCTEMBI MO BBICOKOCKOPOCTHOW o0mmieit
IIMHE Tepeadd JaHHBIX C MPSIMBIM JOCTYNoM K mamsatu (direct memory access - DMA)
MO3BOJIMJIO YMEHBIIUTH HOTPEOIISIEMYIO MOIIHOCTh CHCTEMBI IPUHUMAIOIIUX YCTPONCTB Ha
onuH nopsnok. Ilockoiapky RTC cuctemsr kanmnbpoBaH ¢ momomnsio curHana PPS u ero
MOKa3aHMSI BPEMEHH M JaThl CHHXPOHU3HPOBAHBI C MHPOBOW IIKaJOH BpPEeMEHH IO
curHanam GPS, TaktoBbiif curHan RTC MOXHO HCHONB30BaTh IyTEM BKIIOUEHHS H
BBIKJIFOYEHHUS JAaTUYUKOB B 3apaHEe ONPEACIICHHBIE MOMEHTBI BPDEMEHU OIIPOCa JaHHBIX.

IIporpammHOe ympaBieHHE CHCTEMOII OpPraHH30BaHO C IMTOMOIIBIO IEHTPATHEHOTO
mporieccopa — BBICOKOCKOpPOCcTHOro mponeccopa ARM (mporeccop ¢ cOkpamieHHbIM

HabopoM komaus — acorn reduced instruction set computing machine).
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P e e -
| Mpoueccop cBA3M ¢ AaTuMKamm ’ JATYUKM :
|

| R i
| NAMATb BXOAbl VMPAB/TEHUE |
| XpaHeHue AaHHbIX OT Mpuem n 06paboTka !
: AATYNKOB AAHHbIX OT AaTYUKOB :
| |
| |
| SPI bus |
:< Obuwan wuHa >
|

|

LieHTpanbHbiii NPOLECCOp CUCTEMBI

Ynpaenexne DMA, ynpassieHUe onpocom AaTunKkos, 06paboTka AaHHbIX, NPUEM TAKTOBOTO

curHana ot RTC
RTC

[aHHble AaTbl U BPEMEHMU, TAKTOBbIM cUrHan yactoTbl 1 My

Puc. 3. CtpykrypHas cxema ynpaBJIeHUS IPUHUMAIOLIUMH YCTPOHCTBAMU

CrpykTypHasi cXeMa YNpaBIeHHsS NPHHUMAIONIMMH YCTPOWCTBAMHU ITIPHBEJCHA HA
puc. 3. "Jlarumku" yepe3 ycTpoiicTBa mpreMa M 0OpabOTKHM HMEIT MPSIMYK0 CBS3b C
HaMATBIO M IPOIEcCOpoM Mo oOImel ImuHe M paboTaloT MO 3alpocy LEHTPATBLHOTO
nporeccopa. Ilpomeccop ompenenseT MOMEHTH PETHCTPAIMM JAHHBIX, MOACYUTHIBAS
CIIEAYIOIINE TaKTOBBIE MMITYJbchl, mocTymnaronme ot RTC ¢ mepuomom 1 mc. Bre stmx
MOMEHTOB IPHUHUMAIOIIKE YCTPONCTBAa HAaXOAATCS B "cIsmeM" pexume U NOTPeONsoT
MHHUMAIIBHYIO MOIIHOCTE. ONHCaHHOE MIPOrpaMMHOE yIPaBICHUE MO3BOJIMIIO PEATH30BaTh
CHCTEMY CUMTHIBAaHMS W XpaHEHHs [JaHHBIX JAAaTYNKOB C CYIIECTBEHHO CHIDKEHHOM
notpe0isieMoit MOIIHOCTBIO (110 25 MBT).

Pa3zpaborana SDR-nepenaromas paauocucrteMa, OCHOBaHHas Ha MCIIOJIb30BaHUH
IIJIMC, uudpo-ananoroBoro mpeodpazosarenst (LIAII), B cocTaB KOTOpOro BXOIHT
BBICOKOYACTOTHBIH LU(POBOil mpeobpa3oBarelib, ¥ CHHTE3aTOPa YacTOT C HPOrPaMMHO-
HACTPOCYHBIMH perucTpamu. s MHTEpHoNSIUMK U (QUIBTPAlMK CHTHAJNA HCIOJb30BaHA

nporpamma "FIR Compiler", 3anecennas B [IJIMC. C moMompio cMecHTeNs MOoTydaeTcs
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TIPOrpaMMHO-OTIpeeIsIeMBIil  cBepXBbIcOKko4acToTHEIH (CBY) curmam, KoTopeli mocie
(GuUIBTpaMy M BHEIIHETO YCHJICHUS IiepenaeTcs Ha cIyTHHKH. Ha puc. 4 mpexcraBieH
MPUHIMII PETUCTPALlMM HAaCTpOeuHBIX 3HaueHHi B peructpax L[AIl ¢ mpeoGpazoBarenem

yactoTsl (ITH).

nauc "FIR Compiler" HATI ¢ MY

Iepenaua
SPI
Koanposanue 1aHHBIX, MaHHBIX

Bxox HacTpoiiku u
MOJyJIsnus 0 Hnrtepnonsimus u
noay4yenue
dopmuposanne ¢$uabLTPanus CHrHaa ¥

AHAJIOTOBOI0 CHrHaJIa
CHIHaJa

Puc. 4. CtpykTypHas cxema 3amnucy 3HaueHuit B peructpax LAII ¢ ITH

Kak BugHO 13 puc. 4, KOAUpOBaHKE JaHHBIX, MOAYJISIIUS U (POPMHPOBAHUE CHIHAJIA
mpoucxorstr B IIJIMC, a 3aTeM BBHIMOMHAETCS TIepeldada TAHHBIX B JPYTyK 4YacTh
MporpaMMBbl, TAe peannsyrorcs uHTepnonsamus u ¢uibTpauus (FIR - Finite Impulse
Response - ¢punbtp). Hactpoeunsie 3nauenus L[AIT ¢ ITH u chopMupoBaHHBIH CUTHAT OT
TIJINC nepenarotes B 6110k LIAII ¢ ITH ¢ momompto nporokona SPI, B pe3ynpTare KOTOPOro
MOJIy4aeTcsl  MPOTPAMMHO-ONpPEAENseMbI  aHaNOroBbli  curHail. Ilpm  momomuwm
pa3paboTaHHON NporpamMMmbl 00ecHedrBaeTCs BO3MOXKHOCTh H3MEHITh M 3alHCHIBATH
JpyTre 3HaYeHUs JacTOTHl, a Taroke T Moxyiiun B [IJIMC B HacTpoedHBIX perucTpax
LAII ¢ ITY.

B Tpetneii riaBe npeayioxkeH MeTo [ pa3pabOTKH OMUCAHHOW CHCTEMBI, IPOBEICHEI
uccIeI0BaHNEe U aHAIN3 ToKa3aTesnel cucteMbl. ONUCcaHbl METOABI YMEHBIIECHHUS MOIIIHOCTH
1 IIEHBI, a TAKXKE YBEIHMICHHS OBICTPOIEHCTBHS CHCTEMEL.

OTMeYeHO, YTO BTOpPOW (yHKIHMEH, 00ecreunBacMOi BBICOKOTOUHOW MPHBSI3KON
cucteM 00paboTKM HMH(OpPMAIMKM K IIKajJe PEaJbHOTO BPEMEHH, SBIETCS Iepenada
MH(OPMAIMHU TI0 CIOXKHBIM, B YAaCTHOCTH, CITyTHHKOBBIM KaHaiaM. Kak W3BeCTHO, ceaHCHI
CBSI3M CO CITyTHUKaMHU MPOBOJAATCSA B KOPOTKUE MIPOMEXYTKH BpeMeHH (10 500 Mmc), B TeueHHe
KOTOPBIX B OTHOCHUTEIBbHO IIMPOKOW I0JIOCE YacTOT Iepenaerca Ooiblioil 00beM
napopmarmu. OnrcaHHas repeada 00ecIednBaeTCs IMHPOKOIIOIOCHBIME TIepeJaTINKaMU U
CIOXKHBIME BuiaMu Moaysisitmu. [pu atom curnanst GPS/ITJIOHACC MOXHO HCIIONB30BaTh

JUIs KaauOpOBKM BpeMEHM B Iepedarolux ycTpoiicTBax, a mpumenenue IIUJIMC nmaer

11
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BO3MOXKHOCTh 00€CIeunTh 0O0pabOTKy IaHHBIX B pEaTbHOM BPEMEHH C ITOMOIIBIO
IPOTPAMMHBIX CPEJCTB.
CrpykTypHas cxema pa3pabOTaHHOH CHCTEMBI C HPOrPaMMHO-YIPaBISIEMBIMH

MPUEMOM JaHHBIX U UX Tepefadeil Ha CIyTHHUK MOKa3aHa Ha puc. 5.

NAMATb
XpaHeHue AaHHbIX OT
AATYMKOB

r
namc

|

AN !
KoanposaHue aaHHbIX; uAn c ﬂ |
moAynAuns; yacrorsi |
¢$opmupoBsaHue, |

|
|
|
|
| Cmecutensb,
| WHTEPMoNALUMA U K : > BY-punbTp,
|
|
|
|

$unbTpauma curiana CBY-ycunureno

|
_ |
% CunTesatop yacror D) |
|

RTC YnpasneHue nepepayeit
JlaHHble AaTbl U BPEMEHM, TAKTOBbIN CUrHan YacToTb! 1 Ty
YnpasneHue kaHanamu no nporpamme u3 NJIMC

Puc. 5. CtpykrypHas cxema cucteMsl SDR ¢ ncnons3oBanuem TakroBoro reaeparopa RTC

B cocrtaB ommceiBaemoii cucteMbl 0OpabOTKM W Iepefadd JaHHBIX BKIIOUCH
ynpasinsemsiii RTC SDR-nepenatuuk a5 obecriedeHus nepefadd U3MepsieMblX JaHHBIX Ha
CI[yTHHKH B 3apaHee OMpeJeNICHHbIE CEaHCHl CBA3M MaJOH NPOJODKUTEIBHOCTH. 3axadert
RTC npu ynpasneHUH nepeaTInKoOM SBISIETCS €r0 BKJIIOUSHNE B YCTAHOBICHHBIE CEAHCHI
CBSI3M Ha OCHOBAaHHMH JAHHBIX MHUPOBOMH IIIKaJIbI BpEMEHH, 3aUKCHUPOBAHHOI B pe3ysbTaTe
cuHxpoHu3aiuu no curHanam GPS. Bximrouenne u otkimoueHue mnepepatuuka SDR-
CHCTEMBI OCYHIECTBIIIIOTCS CHTHAJIOM YIpaBieHus mepenadeir ¢ Bbixoma RTC. Bpewms
BKJIIOYEHUS OIpenessieTcss NporpaMMOi Iocie KaxJIoW mnepemaud maHHbIX. [locne
BKIIoYeHus nepenaroniero 6joka [IJIMC cuuThiBaeT qaHHBIC, MOTY4YEHHbIE OT JATYUKOB C
HMOMOIIBIO IPHUHUMAIOIUX YCTPOUCTB M XPAHSAIIUECS B YyCTPOUCTBE NaMATH, OCYLIECTBIIIET
¢dbopMupoBaHUe, KOAMPOBaHME M MOAYJLSILUIO CHTHANa, IOCIE Yero KOHQHUIypHpyeT
HacTpoeuHble 3HaueHus B perucrpax LIAIl ¢ IIY u cuHTe3aTOpa 4acTOT AJS MOIyYeHHS

I/IH(bOpMaHI/IOHHOFO U reTepoOaANHHOI0 CUTHAJIOB.
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IIpn  mporpamMMHOM  oOmpeneleHHMH MOMEHTOB  BKJIIOUEHHsS  IepeJaTinka
YUHUTBIBAIOTCS 3aEPXKKH JUTsl (POPMUPOBAHNS BEIXOAHOTO CHTHAJIA (IIOCIIe HHTEPIIOJISIIAN 1
¢bunbTparym), Ui 4ero KOHTposbHOe Bpems B peructpax RTC ycranaBnuBaeTcs 3a 10 ¢ mo

Hayasa rnepeiayuy, yCTaHOBICHHOTO CHHXpOHM3anue no curuanam GPS.

TEMMEPATYPHbIN

BATYNK 3
VHAWKATOP
T AKKYMYNATOPA

./ SUNLTP YCUUTEND
L2 ]
1

BXOA

[ATYMKOB SbRIO-
5 9606
T ! g FPGA Display/Keypad,
' Bxop | g lia| osp P {/ED vpad/
| JATYMKOB | s
[ ]
/USB

BX0A

AATYMKOB Rezs2
RS485
5
CYMMATOP t
I ARM BK/L./BbIKA. 1. BNOK AaTuMKoB
cPU sbRIO 2. BpemeHHoI cueTumk
YCTPOICTBO 3. NpoLeccopHble ycTpoiicTBa
NAMATH
3 UTAHUE 4. Nepepatowwan yactb

5. AlucTaHUMOHHOE ynpasneHue

Puc. 6. CtpykTypHas cxemMa CHCTEMBI PETHCTPALMU U NEepeiau JaHHBIX

IIpuBenena cTpykTypHas cxeMa MpeIOKEHHONW CHCTeMBI (pHUc. 6), OCHOBaHHAs Ha
ucronp3oBaHun ycrpoiictBa sbRIO-9606 (B xadecTBe 1ndpoBoil 00pabOTKH CHIHAJIOB -
LIOC) u mpoueccopa ARM (B kauyecTBe LEHTPAILHOIO MPOLECCOPHOIO YCTPOWCTBA -
HITY). Cucrema mpHHUMAaeT CUTHAIBI OT 24 aHANOTOBHIX W 8§ HUQPOBBIX IaTYHKOB,
3aIKMCBIBACT MX B IaMSTH, a 1ocJIe mosrydeHns curnana nepenauun ot RTC nponeccop ARM
BkimodaeT sbRIO, koTopoe mocie uteHus, 00paboTkH, GopMUPOBaHUS CUTHATA BKIIOYAET
TepeslaTInK ¢ Ienbio moxydeHus aHanoroBoro CBY curmama, ycuieHns n mepenadd Ha
cnytHukd. Ilocne mepemaun sbRIO ycTaHaBmuBaeT ciemyroliee KOHTPOJBHOE BpeMs B
peructpax RTC u BeikIIOHaeTcs.

B derBepToii riaaee ommcana pa3paboTaHHas cHCTeMa OOpabOTKM W Teperadu

JaHHBIX C MPUBSI3KOH K IIKaJle €JHHOTO MUPOBOro BpeMeHH. M300paxeHbl BHEIIHUN BU] U
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JIeBasl TaHeNnb cucTeMbl. OINMCaHBl HAa3HAYEHUS BXOIHBIX W BBIXOJIHBIX pa3sbEMOB, a

TaK¥X€ MMPOrpaMMHO-U3MEHICMbIC TaPaAMETPLI € IOMOIIBIO KJIaBUATYpPhI U JUCTLICA.

“A~ Indian Space
stlisFe Research Organisation

Puc. 7. BI/II[ peanmoBaHHoﬁ CHUCTEMBI U JINIICBAA ITaHCIIb BXOI[HLIX/BLIXOZ[HLIX pa3beEMOB

OGopynoBanue (puc. 7) TecTupoBasiock B HHMicKoi 1aboparopru ISRO (Indian space
research organization), naHHbele nepefgaBanuch Ha cnyTHUK INSAT C3. Ilpusenensl u

OTIMCAaHbl KOMITOHEHTHI, BHOCHMEIE B CHCTEMY (puc. 8).

Puc. 8. BuyrpeHnuit Buza peanr30BaHHON CHCTEMBI 1 BHOCUMBIE KOMIIOHEHTHI

IToxa3aHo, 4TO yHKUMH yCTAaHOBKH BPEMEHHBIX HHTEPBAJIOB MEpPEaauy JaHHBIX Ha
CIIyTHUK, oIlpoca npuHuMaromux ycrpoiicts ot LITY, nacrpoiiku peructpos LAII ¢ T4 u

cuHTe3aTopa yactoT, KannbpoBku RTC ¢ momorkio cucremsl GPS, Brmouennss GPS mis

14
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CHHXPOHHM3AIUH CHCTEMHOTO BpeMeHH (pa3 B JICHb), OTCIICKHUBAHUS KOHTPOJIHHOTO CHTHAJIA
neperaydl JaHHBIX, OOpaOOTKM NaHHBIX, (GOPMHPOBAHMS M MOIYISIUH, a TaKKe
HHTEPIOISIIMK ¥ (PUIBTpAaLlMKM CHTHaNa peaau3oBaHbl ycTpoiictBoM sbRIO-9606, B
kotopoMm ucnosab3oBana [IJIMC Spartan-6 LX45 (/, Ha puc. 8). ARM-nporneccop crucTemMbl
peanusoBad Ha MukpocxeMe ATSAM4SD32CA-AU 2, a TakTOBBIM I'eHEpaTOp U CUETUUK
UHTEpBAJOB BpeMeHH — Ha Mukpocxeme M41T62Q6F 3. Cucrema ocHaIieHa IISATHIO
npuemarkamu ADUC7060BCPZ32 st opranu3zaniy 24 aHaIOrOBBIX BXOJOB 4 M IPHEMHHKOM
ATSAM3S1AA mist opraHu3aIiiy BOCEMH IH(POBBIX BXOJOB JaHHBIX 5. XpaHEHHE JaHHBIX
obecrieunBaercst 4eThIpbMs yerpoiictBamu maMsati 23LC1024-I/SN 6. CuaxpoHU3anus 1mo
curHanam GPS BremonHsercs ycrpoiictBom SIM68 7. Iloxcucrema mepemadd JaHHBIX
BKJIto4aeT BbicokouacToTHblid LJAIT AD9957 8, cunresatop uactor ADF4360-0BCPZ 9 s
(dbopmupoBaHHs curHala TeTepoauHa, cMecurenb MAMX-007238-CM25MH 10 s
IepeHoca CHIHAla Ha YacTOTy Iepefadd, (GHUIbTP Ha IMOBEPXHOCTHBIX aKyCTHYECKHX
BoiHax FAR-FOKY-2G6550-B4UN /] nns ¢uneTpanym cursana Ha BBICOKOH 4acToTe U
BHEIIHUN ycuiuTenb Ha yactore 2,655 I'T /12 nns ycunenus curnana ao 10 Br.

IIpuBenena cnenudukanms pazpadboTaHHOr0 000pynoBaHuA (Tad. 1).

Taoauna 1
TexHHuYeCcKHe XapaKTEPUCTUKH Pa3pabOTaHHON CHCTEMBI
XapakTepUCTHKH NepeJaTyYuKa Hudposoii nuutepdeiic
BeIxoHast MOITHOCTD 0...10 Br USB-B 1
HIar u3M. MOIIHOCTH 1Bt RS-232 2
YacTOTHBIN IUANa30H 2,670..2,700 I'Tg RS-485 1
Lar u3M. 9acTOTHI 10 I'g Ludpossie BXoab! 8
ITomoca yacToT 1 MI'g Makc. 3HaueHne 8 xI'1g
®Da30BbI€ LIYMBI -90 nbx/T'y Ha 10KT 11 YpoB. HanpsKeHUs 33B,5B
CriekTpasisHast MOII. -110 nbm/T'y SDI-12 2
SFDR 50 nbx JKO0JI0TrHYeCKHe XapaKTePUCTHKH
O6paboTka JaHHBIX FPGA Temnepatypa -40 o +60 C°
Tunsl MOTYISIIH 10 OTHOC. BIaKHOCTD 10% 1o 95%
AHaJI0T0BBIe BXOABI IToTpebasieMass MOLHOCTH
Bxonsl 24 ITuranue 12B
Tun Juddepeniman Tok Makc. 1A
Pazpemenue 24 our [Torpebnsiemast mor. 50 MAy
YacToTa BEIOOPKH 1 SPS Makc. mor. 10 Bt
15
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IIpoBeneHo cpaBHEHHE NapaMeTpOB pPa3pabOTAaHHOW CHCTEMBI C IapaMeTpaMiu
aHanoru4yHeIx goctynHelx cucreM JDCP-770A (Kopes) 1 ERM-AWS (Muawmst). B Tab6mn. 2
HPHUBEICHBI CPAaBHUTEIbHBIC TAHHBIC MOTPEOIIEMON MOILIHOCTH, BpeMsi 00pabOTKU TaHHBIX
(OTy4YEHHBIX OT JATYUKOB), OTKIOHEHUE BPEMCHH B JICHb M THIBI BO3MOXKHBIX MOYJIALMIL
JUISL TIepeliadd JaHHBIX Ha CIYTHHKH. Kak BHAHO M3 TaONMIBI, MpeyIoKeHHAs CHCTEMa
HOTPEOIACT 3HAYMTENPHO MEHBIIYI0 MOIIHOCTH II0 CPaBHEHHIO C CYLIECTBYIOIIMMU
cucTeMamu, o0pabaThIBaeT JaHHBIE B 5 pa3 ObICTpee, CHCTeMHOE BpeMs OTKIIoHseTcs 1o 100
MC B JIeHb, a 00paboTKa, KOJUPOBAHIE U MOIYJIIHS CUTHAJIA PEaIH3yIOTCS IIPOTrPaMMHBIM
€roco0oM, 4To 00ecreynBaeT PEKOH(PUIYPAHIO CHCTEMbI IPH OPUCHTAIlMU HA PaboTy C

Pa3InYHBIMU CITYyTHUKaMH.

Taoauna 2
CpaBHHTEIbHBIE JaHHEIE pa3pabOTaHHOH CHCTEMBI
YerpoiicTBo
IMapametp PaspaboranHas JDCP-770A ERM-AWS
cucTeMa
[otpebisiemas MomHOCTE, BT 8 9 12
Bpems 06paboTKH JaHHBIX 10c 6osee 1 MuH. 10 1 MuH.
Ortknonenue BpeM. RTC B nenn, Mmc o 100 1o 500 HCIIOJNIB3YeTCs
GPS
Tun moxynauuu IIporpamMmHO- PeanuzoBaH 114 3a1aHHOTO
onpeaensieMblit CITyTHHUKA
To4HOCTH BpEeMEHH Mepeaadn 1 mc Hecrabunsro ot 10 o 500 mc
Bpems pa3paboTKH CUCTEMBI, MECSI] 6 12 12
BrictponeiictBue (% MeHblIe - 60 30
pa3paboTaHHOW CHCTEMBI)
[MpubsmxeHHast CTOUMOCTb, $ ~1300 >2000 >3000

IIpennoxxeHHas cucTeMa XpaHeHHs! JaHHBIX B PEATbHOM BPEMEHH CO CIIyTHHKOBBIM
IepeaTYMKoOM, OCHOBaHHAas Ha MCIIOJIb30BaHMM TakToBoro reHepatopa RTC mns
YIOpaBICHHUS BKIIOYEHHEM NPUHUMAIOIIUX YCTPOHCTB OT MHOTOYMCIEHHBIX JAaTUYUKOB U
peanu3aniy IPOTPaMMHO-YIIPABIIEMOH IIepefaromiell 9acTu, a TakkKe C KaanOpPOBKOH

BPEMEHHOH IKajbl o curHanam GPS, oOecnieunBaer cTabuibHy0 paboTy M yMEHbIIAET
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HOTp€6J'I$IeMyIO MOIITHOCT U CTOMMOCTH CHUCTEMBI B 2...3 pa3a IO CpaBHECHUIO C

CYHIECTBYIOIIMMHU CUCTEMAMU.

OCHOBHBIE BBIBO/bI U PE3YJIbTATBI JUCCEPTALIMOHHOM PABOTBI

1.  PaszpabGoran meron oOecrieueHHs CTaOMIBHOW pPabOTHl peaJbHOTO BPEMEHH,
OCHOBaHHBIM Ha OIpEICICHUH 3HAa4YeHUil KaiuOpoBKM TakToBOro reHeparopa RTC B
TIJNINC, ¢ noMoIp0 KOTOPOro CUCTEMHOE BpeMs OTKIOHsAeTcs Ha 100 Mc B JeHb, 4TO B
4...5 pa3 MeHbIIIE [0 CPAaBHEHUIO C CYIMIECTBYIOIIUMH CHCTEMaMH [5, 6].

2. Paspaboran Meron ympaBieHHUs NPUHUMAIOMUMH YCTPOHCTBAMH JaTYHKOB,
KOTOPBI yMEHBIIAeT MOTPeOIsIeMyl0 MOITHOCTh CUCTEMBI XpaHEeHUs TaHHBIX B 2...3 pa3a
[2].

3.  Pazpaborana SDR-mepenaromias cuctemMa, OCHOBaHHas Ha HCIOJNB30BAHUU
takToBoro reseparopa RTC u IIJIMC, koTopas mnepegaer CUrHal Ha CHYTHUKH C
TOYHOCTBIO 10 1 Mc, a ObICTpozeiicTBHE 00pabOTKY JAHHBIX YBEIHMYMBAECTCS B 5 pa3 IO
CPaBHEHUIO C CYIIECTBYIOIIUMH cUcTeMaMHu [1].

4.  PazpaboraHa u peanu3oBaHa cUcTeMa OOpaOOTKM M TeEpeAadyd JaHHBIX C
NPUBS3KOM K IIKaje eIMHOr0 MHPOBOTO BPEMEHH, IpHHMMAlONas CHTHaIbBl oT 24
AQHAJIIOTOBBIX M 8 NIM(POBBIX MaTYMKOB. [IpHBENEHBI XapaKTEPUCTHKHA W CIENU(HUKAINSI
cuctemsl [3].

5. B pesymbraTe OKCHEPUMEHTOB II0OKa3aHO, 4YTO pealn30BaHHAas CHCTeMa
YMEHBIIAeT MOTPEOIIeMyI0 MOIIHOCTB 10 2 pa3, IeHy - OT 1,5 mo 2 pa3, yBenuuuBaeT
ObicTponelicTBue 00pabOTKH W (HOPMHPOBaHHA CUTHala OT 5 OO 6 pa3, CTaOWIBHOCTH
BpPEMEHH - 110 5 pa3 [4].

6.  PaspaboranHas cucteMa HCHONB3yeTCs B aBTOMAaTH3HPOBAHHBIX METEOCTAHIIUSIX
WHmum ¢ memplo  pa3sBUTHSL  CENIbCKOXO3AHCTBEHHOM OTpaciy, a TakKe MOXET
HCIOJIB30BATBHCA B APYIUX HEIAX, NPEAYCMATPUBAIONINX XPAHEHUE TaHHBIX, ITOJYYaeMbIX U

oOpabaTeiBaéMBIX B pealbHOM BpeMEHH, U HX OecmpoBogHyio mepemady [3].
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uvonouarr

Ppuljut dudwtwlh hwdwlgdudp wndjujikph gputgdwt b hunnppdwt
hudwlupgbpp  quyunpkt - fhpwednud - & wpymibwpbpmpyut dh wpp
npnputkpud,  npntn junwpymd &b wpowphtt dhgwjuyph - punipugpbph
suthndubp b vnwgdws wpdbpubph hwunnpymd hwjupwugpdwtt YEunpnuutp
htinwqu  Jipndnipjutt bywwwlnyg, npt § hbtwpwdnpmpmt £ wwhu
pupbjuyl]  mbnbumpjut  wpynibwdbnnmpmiip: Ujuyhuh  hwdwlupg
twpiwgstint b ppwlwbwmgubint hwdwp hbnwgnuygl] o ontjuynid  wnlju
wwiwwnpy - hwdwljwupgpp b gpubtg  wphunwbph  ulqpnibptbpp,  hish
wpymibpmid wupg B onqupdk), np ppufut dudwbwulh wpiwnwbpt wn
hudwlupgbpnid  dbdwdwutnpbt wiuynit , hwnnpnhy wwppuynpmudubpp
Ubdwuwubinpklt wpnwphtt vhwgdwdp B, husybu bwb hwdwlwupgbpb nibkh
pwpdp ghtt b dwjunid tu Uks hqnpnipnil, hisp pupnugunud E tpwbg
wouwinubipp «quginughby wuytwhikpnd dwpnyngukph thongni:

Unbktwpinunipjut bwwwnwlt £ hhkwnwgnnt]  wpynibwpbpnippub
nnpuinud hpunynn nfjujikph gpuitlgdwt b hwnnpdwb - hudwlupgbpp,
tpuwignid wnlu phpnipnibtbpp b bwhwgst] nt hpuljwbwgul] tdwbwnhy
hwlwlupg jwuqbgjué hqnpmipjui swjuuny b quughtt wpdtpny, husybu twl
pupbjuyyus Juyniunipjudp b hntuwhnipyjudp:

Unbkuwpjnuuwljut  woppwnwbph hhdbwlut  Eqpuljugmpniutpt o
wpryniiplbpt kb

1. Uowlyl k ppwliuwi dudwiwlh juniinpjut wywhnddwb knubwl,
npp hhdudws E FPGA-h dhgngny RTC-h swihwpkpdwh wpdtph &ogphwin npnodwi
dput Upwljfud bnuibyny hundwlupgh dudwbulp hpudul dundutiulhg
opkwl okndmud k dhtisk 100 Uy-h swthny, huyp 4-hg 5 wihquud wulwu k, pub
wnlw tdwbwnhy hudwljupgbiph dudwiwlught ondusnipmniin [5, 6]:

19

© National Library of Armenia



2. Upulidl k vhsubiphg wmqnuiipwtitbph pinniidwi vwppwynpnudubinh
nEjudupuwl tnutwly, husp poyp £ wwhu bijugqkgubkp ndjujibph gpuitigdwi
wuwhywtdwt hwdwlwupgtph hgnpmipjut swhup 2-hg 3 wuqud [2]:

3. Upwlyty Et FPGA-h udhgngny b RTC-h oquugnpédwdp SDR
nwnhnhwnnpghs hwdwljwpg, nph wgnupwbh niqupynud Ewppuiyulukp dhish
Iy Sounipyudp: SYjwubph dpwldwl wpuqugnpdnipniih wdk] £ dhish 5
wiqud wpju tdwbwnhy hwdwlupgbph tjundwdp [1]:

4. Upwlyby b hpuhwiugyl) £ SDR wppuijufuihtt hwnnpyyny b hpuljub
dudwbwhh hudwhgdwdp 24 wbwinquiht b 8 pyuyhi wjhsubphg pugming
ujuiiph wwhywidwt hudwlupg: fipgly B wyy hwdwljupgh wkeihjuljo
U Ukjwuhjulwub pimpwugpbpp, huyybu twl wiwinguyhtt b pyughtt wdhyikph
Ununpuyht puntpugptpp [3]:

5. Onpdtwluwb swhmdbubph wpyniipmd wupqyl] L onp dpwldus
hwdwlwpqu niuh dhigh 2 mbqud tdugqtgqusé hqnpnipjut Swuu, 1,5-hg 2 wiqud
Wjuqtgjws ghls, 5-hg 6 whquid pupbju]yus wjjuyttph dwldwb b wqputywih
Alwynplwtt wmpuqugnpsdnipinil, 5 whqud dogphn dudwbwlh Juyniunipnil,
hswbu twb 2 wiqud jupd twjpwgsudwt b hpuhwiugdwt dudwiulwhwnifus
[4]:

6. Uouldws hwdwlupgp wpynibwdbn Jhpunkh £ wjundunwug]us
tnubwljuht Juyubikpnd, nph swhnudibph thongny httupurnp b pupbjul
gmuquunbtnbumput  wpymbwbnmpemip twjopnp  hdwbwyn] pk  np
«aquupinuihty  wuydwibbpnud  hy  gninuuninbunipjutt nppn k- httwpuynp
hpwjuiwgiby: Uju twb wpynibwtn yhpuekh © wpynibwpbpoupyub wyy
ninputtkpnud, npuntn wihpwdbynmpmi ju gpuitigh] wpnwphtt thgunjwyph
pumpugppp hpwui dudwbwyh hwdwlgdudp, b wijup juwnyg hwnnphby
hwjwpwgpuw Yhunpnukn [3]:
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HAYK GEVORG ARZUMANYAN

IMPLEMENTATION OF REAL-TIME DATA LOGGER SYSTEM WITH
SATELLITE TRANSMITTER

SUMMARY

Real-time data acquisition and transmission systems are widely used in several
industry areas, where measurements of environmental characteristics and transmission of
received data to the data acquisition center are executed for further analysis in order to
increase efficiency and improve productivity. Currently available systems on the market and
their operating principles have been analyzed for development and implementation of the
similar one. As a result of analysis, it was concluded that the real-time operation in the
system is unstable, the transmission equipment are with an external compound, and systems
are expensive and consume more power, which make difficult their usage in field conditions
via batteries.

The goal of this dissertation is to research data processing and transmission systems
used in spheres of industry, find out the existing issues in them, in order to develop and
implement similar one at a reduced cost and power consumption, as well as improved
reliability and stability.

The main conclusions and results of the dissertation are as follows:

1. Real-time stable operation ensuring method has been developed for RTC devices,
which is based on the determination of the value of RTC calibration in FPGA. As a result,
the system time deviates 100 ms per day, which is by 4 to 5 times less than existing systems
[5, 6].

2. Controlling method has been developed for the sensor data acquisition devices,
which allows to reduce the power consumption of data logger by 2...3 times [2].

3. SDR transmission system has been implemented, which is based on a use of RTC
via FPGA. It transmits the signal to the satellites with an accuracy of 1 ms, and provides the

data processing speed to 5 times improvement, compared with existing systems [1].
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4. Synchronous data processing and transmission system with reference to the world
time scale has been developed and implemented, which received data from 24 analog and 8
digital sensors. The characteristics and specification of an implemented system are provided
[3].

5. As aresult of experiments, it is shown, that the developed system reduces power
consumption to 2 times and the price by 1.5 to 2 times, increases data processing speed and
signal formation by 5 to 6 times, and also provides to 5 times improvement of real-time
stability in system [4].

6.  The developed system is used in the automatic weather stations of India for the
purpose of improvement of agriculture sphere efficiency. It can be also used in other tasks
providing data storage and its wireless transmission, where data processing and logging are

operating in a real-time [3].
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