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Development of digital modem equipment for next generation tropospheric stations
and small satellite radio communication systems
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3. CyTb po3podKu, OCHOBHI pe3yjbTaTH

(yxp.)

Po3pobiieno cTpykTypHO-(YHKIIIOHATBHI MPUHIHUIK TOOYA0OBH MOJEMHOTO OOJIagHaHHS
CTaHI[I 3arOPU30HTHOTO 3B'sA3Ky. P03po0jeHO anropuTMM 4YacoBOi ajmamnTailii g0 3MIHH YMOB
poOoTH CTaHIii 3arOPU30HTHOTO 3B'SI3KYy, LI0 0a3ylOThCS HAa BUKOPHCTAHHI MaTEMaTHYHOTO
amapary HEYITKOrO BHCHOBKY. P03po0JieHO anropuTMu dYacTOTHOI ajamnTarlii JJis peXUMIB
Himianizamii Ta Oe3nepepBHOI poOOTH. Po3pobiaeHO anropuTMu OTPUMAaHHS EHEPreTUYHHX
OIIIHOK CTaHy KaHally Ta iX CTaTUCTUYHMX NapaMmerpiB. Po3polbiieHo anroputMu MiXpiBHEBOT
B3a€EMOJii, CTPYKTYpy Ta mapameTpu (PI3UYHOTO PIBHSA CHCTEMH 3aropU30HTHOTO 3B'S3KY.
Po3pob6iieno MeToau cMHXpOHI3aIlii CHCTeMH, sKa Tpaiftoe 3 BukopuctanasiM OFDM momyosii.
Po3po6iiero mpotoTunu okpeMux OJOKIB (MOAYIATOPH, IEMOMYISITOPU, KOJIEPH Ta IEKOJEPH 3
MPSIMOIO  KOpEKITiero moMmiok) Ha mMoBi VHDL s cucrem 3 aganTWBHOIO MOIYIAIIEID Ta
KoayBaHHAM. [IpoBelieHO ekcriepuMeHTaNIbHI JOCTIIKEHHSI HA MaKeTHOMY 3pa3Ky, CTBOPEHOMY
Ha 0a3i BLIAMOYHHMX 3ac0o0iB s po3poOku mpuctpoiB Ha FPGA Tta SDR, ta numsixom
IMITAIIHHOTO MOJIeTIOBaHHS. BUKOHAHO aHAIITHYHHUI OMKC IMapaMeTpiB KaHAIIB 3B'SI3KYy MalluX
KOCMIYHUX amapaTiB Ta po3poOJjeHO MaTeMaTW4yHI MOJCNI paiioiiHii "CymyTHHK-3eMys" Ta
"3eMIISI-CYITYyTHUK'", TMPOBEICHO MOJEIIOBAHHSA Ta PO3PAaxyHKH IOTEHUIHHUX MOJIUBOCTEH.
Po3pobiieHo  CTpYKTYypHY Ta TPHHIIMIOBY CXeMHU (QYHKIIHHUX BY3JIB  MiJACHCTEMH
HAHOCYNYTHUKA, TMporpaMHe 3abe3meueHHs I KepyBaHHS (QYHKIIHHUMHU  BY3JaMHu.
BurotoBieHo  ekcmepuMEHTaIbHI  3pa3ku  (QYHKIIAHUX  BY3JIB  IIJICHUCTEMH  3B'SI3KY
HAHOCYIYTHUKA Ta MPOBEJCHO iX JOCTIIKEHHS.

(poc.)

Pa3pabotanbl  cTpyKTypHO-(GYHKIMOHAJIbHBIE  HPUHLUIBI  MOCTPOCHUS  MOJIEMHOTO
o0OpynoBaHUs CTAHIMKA 3arOPU30HTHOTO CBsI3U. Pa3paboTaHbl aNrOpUTMBI  BPEMEHHOM
aJlanTald K U3MEHEHHIO YCIOBHM pabOThl CTAHILIMM 3arOPU30HTHOTO CBSI3M, OCHOBAaHHBIC Ha
WCIIOJIb30BAHUM MAaTEMaTUYECKOro armapara HEYeTKOTO BbIBojAa. Pa3paboTaHbl alropuTMbl
YaCTOTHOW ajanTaluy A PeKUMOB MHHUIMATU3AIMU U HETpepbIBHOW paboThl. PazpaboTaHbl
QITOPUTMBI TIOJyYEHUSI DHEPreTHMUECKUX OIEHOK COCTOSIHUS KaHalla M MX CTaTUCTHYECKHUX
napameTrpoB. Pa3paboTaHbl aNrOpUTMBI MEXKYPOBHEBOTO B3aUMOICWUCTBHS, CTPYKTypa U
napameTpsl (U3UYECKOTO YPOBHS CHUCTEMBI 3arOPH30HTHOTO CBS3H. Pa3zpaboTaHbl METOJbI
CUHXpPOHM3AIIMH CHCTEMBI, KOoTOopas paboraeT ¢ wucnonb3oBanuem OFDM  wmoxymsium.
Pa3paboTanbl MPOTOTHNBI OTACNBHBIX OIOKOB (MOZYNIATOPHI, AEMOAYIATOPHI, KOAEPHl U
JeKOephl ¢ TpsIMON Koppekiueid omunook) Ha s3pike VHDL ans cuctem ¢ agantuBHOMN
MOAyIsAUeNd U KoaupoBaHueM. [IpoBeneHbl dKCIIEpUMEHTAIBHBIE UCCIEIOBAaHUS HA MAaKETHOM
oOpasiie, CO3JaHHOM Ha 6a3e OTJIAJ0UHBIX CPeCTB A pazpaboTku ycrpoiicTB Ha FPGA n SDR,
U TIyTeM UMUTAIMOHHOTO MOJENUPOBaHMs. BBITIOJHEHO aHATUTUYECKOE OMHCAHHUE MapaMeTpOB
KaHaJOB CBSI3M MallbIX KOCMHUYECKHX ammapaToB M pa3paboTaHbl MaTeMaTUYeCKHE MOJENU
pasvoNvHUNA "CIyTHUK-3eMJIA" M "3eMJIA-CIIyTHUK', MPOBEIEHO MOJEIMPOBAHME M PACUETHI



MOTEHIMATBHBIX BO3MOXKHOCTEH. Pa3paboTaHbl CTpyKTypHas W NPUHOUIHAIBHAS CXEMBbI
(GYHKIMOHATBHBIX  Y3JIOB TOJICHCTEMBl HAHOCIYTHHKA, IPOrpaMMHOE oOOecredeHue s
yrnpaBiaeHUs (DYHKIIMOHAIBHBIMU  y3JIaMU. VI3rOTOBIIEHBI AKCIEPUMEHTATbHBIE 0OPAa3Ihl
(bYHKI_II/IOHaJIBHBIX Y3JI0B IOACUCTCMBI CBA3W HAHOCIIYTHUKA U NPOBCACHLI UX NUCCIICOOBAaHM.
(anru.)

The structural and functional principles of modem equipment construction for over-the-
horizon communication were developed. Time adaptation algorithms for changing conditions of
over-the-horizon communication station, based on fuzzy conclusion algorithms were developed.
Algorithms of frequency adaptation for initialization and continuous operation modes were
developed. Algorithms to receive energy estimations of the channel and their statistical
parameters were developed. Cross-level interaction algorithms, structure and parameters of
physical ~ system level of over-the-horizon communications were developed. System
synchronization methods using OFDM modulation were developed. Individual
blocks(modulators, demodulators, encoders and decoders with straight error correction) VHDL
prototypes for adaptive modulation and coding were developed. Experimental studies on model
sample based on development boards on FPGA and SDR and by simulation were held.
Analytical description of link parameters for small spacecraft and mathematical models for
"satellite-earth™ and "earth-satellite™ links, were done with conducted simulation and potential
calculation. The structural and schematic diagrams of nano-satellite subsustem function units and
functional unit control software were developed. Experimental samples of functional nano-
satellite communication subsystem assemblies were created and their study was held.
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5. IlopiBHsIHHSA 3i CBITOBUMH aHAJIOTaMH.

HaykoBo TexHIYHHMI piB€Hb BHKOHAHOI POOOTH BIANOBIZAE CBITOBOMY pIBHIO, a  Psl
pO3po0JIeHUX METOIB, MaTEeMAaTHYHUX MOJEICH Ta aJIrOPUTMIB, SKi JTO3BOJISIOTH MiABUIIUTH
MPOIYCKHY CIIPOMOJKHICTh Ta CHEKTPaJIbHY €(DEKTUBHICTh CUCTEM 3aropu30HTHOTO 3B’S3KY, HE
MaloTh aHAJOTIB Yy CBITL

3a CcBOIMHM MMOKa3HMKaMH CTaHII 3aropM30HTHOTO 3B 3Ky 1 30KpeMa TpomnochepHOoro
3B’SI3Ky, B MOJEMHOMY OOJaJHaHHI SKHUX BUKOPHCTOBYBATUMYThCSI pO3pOOJIeHI B pPOOOTI
TEXHIYHI pilllEHHS Ta aITOPUTMH, OYAyTh BIAMOBiIATH KpamiuM cBiToBUM aHaimoram (Raytheon),
3a0e3neuyoun MBUAKICTh nepeaadi o 80 MOiT/c mpu rapaHToBaHii sIKOCTI (KOEQIIiEHT
6iToBMX MOMMIIOK He ripme 107°).

6. ExonHomiuHa npuBad/IMBicTh 1Jisl IPOCYBAHHS HA PUHOK

BapricTe peanizaiii NpoeKTy MO CTBOPEHHIO CTaHIli 3arOpPH30HTHOTO 3B’SI3Ky HOBOTO
MOKOJIIHHS Ta IOCTaHOBKHM ii Ha BHUPOOHHMITBO CcKjiajne npuoau3zHo 20 MIH. TpH., TepMiH
BIIPOBA/KEHHS JIBAa POKH, CTPOK OKYIMHOCTI MNpPOEKTy Tpu poku. OpieHTOBHa mnoTpeda
yKpaiHcbKkoro puHKy ckiagae 300-500 muH. rpH.

7. TloreHuiiiHi kopucryBaui

CnoxxuBauaMu  poO3poOJICHMX  pilleHb €  HANPUEMCTBA  YKpOOOPOHIIpOMY,
paliOTeXHIYHOIO0 Ta TeJNeKOMYHIKaliiHoro mpodinto, omnepatopu 3B sA3Ky. CroskuBauamu
KIHIIEBOI MPOAYKLIi (CTaHII 3aropu30HTHOTO 3B’S3Ky) MOke Oyt MiHICTepcTBO 000pOHU



VYkpainu, [lepxaBHa ciyx0a 3 Haa3BUYaHUX CHUTYalii, TEJIEKOMYHIKaliliHI OmepaTtopu Ta
3aKOPJIOHHI 3aMOBHUKH.

8. CTaH roToBHOCTi po3podKu

Po3pobneno makeTHW# 3pa3ok MojeMHOro oOnajHaHHsS Ha 0a3i BIATAAOYHUX 3acOO0iB.
Pospobnena mporpamHa peamizaiii MOAYJIIB Ta ajlrOPUTMIB, OPIEHTOBaHA Ha TMOJANbBIIE
3aCTOCYBaHHS 3 BUKOPHCTAHHSM TEXHOJIOTIH MPOrpaMHO BH3HAYYBAHUX PAJIOCHCTEM Ta
cucTeMH Ha Kpucraini. [IpoBeneHo TecTyBaHHS pO3pOOIEHUX PIlIEHbh HA MAKETHOMY 3pa3Ky.

9. IcHyroui pe3yJbTaTH BIPOBAIKEHHS.

OxpeMi TexHIYHI pIilIeHHd Ta aJrOPUTMH 3aCTOCOBaHI B po3poOILi MOJEMHOTO
obnamHaHHs ManorabapuTHOi TponocdepHoi pamiopeneiiHol cTaHIii, sika mpoBoauiack B HJII
tenexkomyHikauii HTVYY «KIII iMm. Irops Cikopcbkoro» Ha mnpotszi 2015-2016 p.p. 3a
noroBopoM NeJ[3/40-2015 Bim «30» >xoBTHs 2015 p.

10. ®opma yuacri iHBecTOpa
[HBecTOp MOKe npuiiMaTH ydacTh B peastizallii pe3yabTaTiB IPOEKTY SIK IIJIIXOM OTPUMaHHS
YaCTKU B MPOEKTI, TaK 1 NUITXOM OTPUMAaHHS YaCTKHU BiJ IPHOYTKY.
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BIJIMTOB1IaTUME KPAIIIUM CBITOBHM aHAJOTraM Ta iCTOTHO NIEPEBHUIIYBATUME BITYM3HIHI aHAJIOTH.
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3aropu3oHTHUI 3B’A30K, TpomocdepHa CTaHIlisl, MPOMYCKHA 3aTHICTb, aJalTHBHA
MoayssList Ta konyBanHsa, OFDM monynauis, 3aBajgocTiiike KOAyBaHHs, MPOrPaMHO KepoBaHE
panio.



