MiHICTEPCTBO OCBITH 1 HAYKU YKpaiHH

Harmionansauii yHiBepcuteT «Onecbka MOPChKa aKaieMish»

KBaniikauiina HaykoBa

po0oTa Ha npaBax PyKOIHUCY

Mumkin Onekcanap BononumupoBuy

YK 656.61

JANCEPTALIA

IHTEIT'PYBAHHSI CUCTEM MOPCBKOI'O PAIIO3B’SI3KY 1 HABITAIIIL B
PAMKAX PO3BUTKY KOHIENII E-HABITALIIT

crienianpHIcTh 05.22.13 — HaBirais Ta ynpaiIiHHSI PyXOM

HO,II&GZTBC}I Ha 3,[[06YTT5[ HAYKOBOT'O CTYIICHA OOKTOpa TEXHIYHUX HayK

(271 — PiukoBuii Ta MOPCHKHI TPAHCIIOPT)

Jlucepraliis MiICTUTD pe3yJIBTaTH BIACHUX JOCHIHKeHb. BUKOpUCTaHHS i7eH,

PE3YJIBTATIB 1 TEKCTIB 1HIIMX aBTOPIB MAIOTh IMOCUJIAHHS Ha BIIIOBIIHE JKEPEIIO

L % Z/i// Y /./M/u; ) [umxkig O.B.

HaykoBuii KOHCYJIbTaHT:
Komresuit Bitaniit Muxaiinosuy, a.T.H., mpodecop,

3aCITy’)KeHUH 119 HAyKHW 1 TEXHIKKA YKpaiHu

Opneca — 2021






AHOTALS

Mumkin O.B. IaTerpyBaHHs CHCTEM MOPCHKOTO Pajio3B’si3Ky 1 HaBiraiii B
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Oneca, 2021.

PoGora mpucBsuena  po3poOli  METOAIB  MMIABUIINEHHS  TEXHIKO-
EKCIUTyaTalllfHIX XapaKTEepPUCTUK CYTHOBUX 3acO0IB pajio3B’A3Ky 1 HaBiraiii 3a
pPaxyHOK iXHbOT'O IHTETPYBAaHHS 1 CIILIbHOT OOPOOKH JaHUX B YMOBaX 30€peKeHHS
0a30BOTr0O CKJIaay CYJAHOBOTO OOJIaTHAHHS, MPAKTUYHUX BHUMOT KOPUCTYBadiB —
BaxTOBUX oOdilepiB 1 BpaxyBaHHS CBITOBHUX TPEH/IB PO3BUTKY MOPCBHKHX
TEXHOJIOT1H 3a KOHIIEIIIIEI0 €-HaBiralii, 10 BHUCYHYTa 1 aKTUBHO IPOCYBAETHCS
MixHapoaHOI MOPChKOIO opraHizaiiero (IMO).

AHani3 poO3BUTKY CYYaCHOTO CYAHOIUIABCTBA 3a OCTaHHI JBI JeKaau
3aCBIJYMB BIPOBADKCHHS HU3KH HOBHUX CHCTEM MOPCHKOTO Ppajio3B’s3Ky 1
HaBiraiii Takux sik rjo0ajlbHa MOpPChKa CHCTEMa 3B’s3KY Y pas3i Jiuxa Ta 0e3meKu
(I'M3JIb), cucrema 1udpoBoro BudipkoBoro BukimkKy (LIBB), cymyTtHHKOBi
cucremu [HMAPCAT, KOCIIAC-SARSAT, Ipiniym, riobanpHa HaBiraiiiHa
cynytarkoBa cucteMa GPS/I'JIOHACC, aBromaTnyHa ineHTH}IKaIIifHA cCHCTEMa
(AIC), enextponHa kaptorpadiuna i1 iHpopmamiiiHa cuctema (EKHIC), ixmmi.
Po3BUTOK 1 BIOCKOHAJICHHS LHUX CHUCTEM OyB MPUCKOPEHUH IMILIEMEHTAIlI€0
CTpaTeriyHOr0 TUIAHY e-HaBiraiii, skuii mepembadae BceOIUHYy mudpoBizariio i
CTaHJAPTU3AINI0 CYTHOBUX CHUCTEM IS MIATPUMKH TMPOIECY MPUUHATTS PIICHb
BaXTOBUM O(]IlIEpOM CYJTHOBOJIIEM Ha OOpPTY Cy/HA 1 3a0e3medeHHs €()eKTUBHOCTI 1

Oesrekn  cynmHoriaBcTBa. Konmemiis  e-HaBiramii  0a3yeThcsi Ha  TPHOX



KOMIIOHEHTaX: CyJHOBE oOOJagHaHHSA, OeperoBa IH(PACTPYKTypa 1 CHCTEMH
pPajio3B’sI3KY.
3acobu 3B’si3ky ['M3JIb Oe3nocepeHbO BIUIMBAIOTH Ha e(PEKTUBHE 1
Oe3mnedHe CyTHOIUIaBCTBO, ajie Ha MPAKTHUIll BIPOBAKEHHSI HOBUX CHCTEM 3B’ S3KY,
30kpeMa, [IBB, He [103BOJSAIOTH OTPUMATH HAJEXKHY ONEPATUBHICTD 1
e(hEeKTUBHICTh PaJio3B’sI3Ky, CTBOPIOIOTH JI0JJaTKOBE HABAHTAXKCHHS HA BaXTOBOIO
odimepa 3 oprasizailii Ha3eMHOTr0 Pajaio3B’s3Ky 3 BukopuctanusMm (BB, sk Toro
BuMarae PernamenT Panio3B’si3ky. PisHOMaHITHICTE pagioo0aaHaHHs, CKIAIHICTh
1 IOBFOTPUBAJIICTh PYYHUX ONeEpalliidl 3 yIpaBIiHHS pajio3B’si3KOM MPU3BOASTH Ha
OPAKTUIl 10 HEXTYyBaHHS BUMOTaMH MpaBWJ 3B’S3KYy, TMOMMJIKAM 11eHTU(dIKaL]
CyIeH, MO0 Yy KIHIIEBOMY pPaxyHKy BIUIMBaE€ Ha O€3MeKy CyTHOIIaBCTBA 1
€(hEeKTUBHICTh MOPCHKOT'O CY/IHOIIJIABCTBA.
3BaXkarouu Ha
— ICHYIOUM HEBHpIIIEH] MPOOJIEMH €KCILTyaTallii CyAHOBUX CUCTEM Paaio3B’s3Ky 1
HaBIraii;
— HarajgpHl 3alUTH MPAKTUYHOTO BHUKOPHUCTAHHS CYJHOBOTO  OOJaJHAHHS
pazio3B’sI3Ky 1 HaBiraiii BAaXTOBUMHU o(dillepaMu Ha X0JI0BOMY MICTKY;
— MDKHapOJHI BUMOTH JI0 CKJaAy 1 TEXHIKO-EKCIUTyaTalllMHUX XapaKTePUCTHK
CyIIHOBOTO 00JIaHaHHsI HaBirarii i 3B s3Ky Ta HOro CyMiCHOCTI;
— CTpaTeTiYHHM CBITOBHM HAaIPSAMOK PO3BUTKY CYIHOIUIABCTBA €-HaBiramii
OCHOBHHMM KEPIBHUM IIPUHIIAIIOM BIIPOBAJKCHHSI 1 PO3BUTKY €JICMEHTIB €-
HaBiraimii € BpaxyBaHHS Yy TMEPIIy YEpPry HE TEXHOJOTIYHUX JOCSITHEHb, a
MPAKTUYHUX TOTpeOd MOPSKIB 3 HaNEXHOI eKCIUTyaTarlii CYJHOBUX CHCTEM 1
MPUCTPOIB NIl 3MEHIICHHS aJMIHICTPATUBHOTO HaBaHTAXXCHHS Ha OOPTYy CyaHA
TaKUM YUHOM 100 BaxToBWid odinep OyB HaIlIeHW Ha BUPIIMICHHS 3aBAaHb 3
Oe3mevyHoi HaBiraiii i €eKTUBHOTO BUKOHAHHS CYTHOBUX OIEpaIlii.
3acobu 3B’si3ky ['M3JIb 0GesmocepenHbo BIUIMBAIOTh Ha e(EKTUBHE 1
Oe3rmeyHe CyJHOTUIABCTBO, ajie Ha TPAKTHUIll BIPOBAHKEHHS HOBUX CHCTEM 3B’ S3KY,

3okpema, [IBB, He [03BOJISIIOTH OTpUMAaTH HAJEKHY OINEPATUBHICTD 1



e(DEeKTUBHICTh PaJio3B’sI3Ky, CTBOPIOIOTH JI0JJaTKOBE HABAHTAXKEHHSI HA BaXTOBOIO
odinepa 3 oprasizailii Ha3eMHOr0 Paaio3B’si3Ky 3 BukopuctanHsMm [[BB, sk toro
BuMarae Pernmament Panio3B’s3Ky. PI3HOMaHITHICTb paioo0aaHaHHs, CKIAAHICTh
1 IOBFOTPUBAJICTh PYYHUX ONEpalliid 3 yIpaBIiHHS pajio3B’sa3KOM MPU3BOASTH Ha
MPaKTULl 10 HEXTYBaHHS BHMOTraMH IpaBUJl 3B’S3KY, MOMWIKAM 1l1eHTU]IKALll
CyIeH, IO Yy KIHIEBOMY paxyHKy BIUJIMBa€ Ha O€3MeKy CyIHOIJIaBCTBA 1
€(hEeKTUBHICTh MOPCHKOT'O CY/THOIIJIABCTBA.

B i”TerpoBaniii cuctemi 3AIMCHIOETBCA O0'€THAHHA JIaHUX CHUCTEMU
pamio3p’si3ky 1IBB i cucremu nagiramii AIC Ha ocHOBI1 iXx acormiaiii 3 CHUTBHUM
inentudikaropom. Ockuibku makeT aanux AIC 1 BukiamyHa nociinoBHicTs [[BB
MICTUTh 1eHTU(diIKaTOp MOpchkoi pyxomoi ciyx6u (IMPC), To 3a 3aranbHuM
3Ha4YCHHSAM ieHTHdikaTopa nani nosigomieHb cucteM AIC i1 [IBB MoxyTs OyTH
o0'enqnani. B pesynbrari Takoro oO'eqHaHHS Ha CYJHI, IO NMPUHAMAE BUKIUK B
cuctemi [IBB, crangaptHuii HaOip mnapameTpiB BUKIWYHOI MOCIHIIOBHOCTI
nonoBHIOEThCS mapamerpamu  AlIC-uini. Ilpu BimoOpakenHi iHdopmalii Ha
rpadigaomy iHGopmaliitHomy nuctiei AIC-1inb CynpoBOIKYETHCS MUTOTIMBOT
BIIMITKOIO.

Jlns BuknmKy cynHa y cuctemi [IBB He moTpiOHO BBOAUTH HOTO 9-TH3HAYHUN
INPC, npo koTpwii me moTpiOHO AI3HATHUCS 3a AomoMororo, Hanpukiaa, AIC abo
EKHIC. BaxtoBomy odinepy moctatibo BuOpatu AIC-uinp Ha iHboOpMatiiiHOMy
JUCIIIET 3a JOMOMOTOI TpekOoiy, abo I1HIIOro BiAMOBIAHOTO MaHIMyISATOpa i
Hajicnatu BUKIWMK Ha kaHami 70 1IBB B edip. Pobouiii pagiorenedonnuii kaHam
BCTAHOBJIIOETHCS 32 3aMOBYEHHSM, Hamnpukian, /7. TakuM YMHOM BaxTOBHUM
odirep mo30aBIeHUN PyYHUX OTepalliid 3 abCTpaKTHUMHU JaHUMU ISl (POPMYBaHHS
BUKJIMYHOT TIOCTIIOBHOCTI 1 BCUIAKO CKOHIICHTPOBAaHWW Ha  BHPINICHHI
Oe3rmocepeTHbO HABIramiitHOTO 3aBIaHHS.

3anmponoOHOBaHO BUKOPHUCTAHHS TpadidHOro iHTEpQEHCy Isi MOHITOPUHTY/
VIOPABIIHHS Pagio3B’sa3KOM 3 iH(popMaIiifHOro aucruies. Take pIMICHHS IUTKOM

BIIMOBIJIa€ TEHJCHIII BOPOBAIKEHHS TUCIUICIB Ha XOJIOBOMY MICTKY CyAHA JJIs



MOHITOPUHTY/yIIPaBIiHHS PI3HOMaHITHUMH iH(OpMAI[IHHUMHU TIpollecaMu Ha
cynHi. Bukopucrtanus rpagiuyHoro iHTepdeiicy ymnpaBiiHHA pPajiio3B’sI3KOM
J03BOJISIE€ MIJBULIUTH HOr0 €PEKTUBHICTh 1 HAAIMHICTDh Y HANPAMKY CYAHO-CYAHO,
3a0€3MeunT CTaHJAPTU3aALII0 KOPUCTYBAJIBHUILILKOTO 1HTEepdelcy Ha MpOTUBAry
PI3HOMAHITTS KHONKOBHUX NPUOOpPHUX IHTEp(ENCciB paaioo0naHaHHd YUCICHHUX
BUPOOHUKIB.

OOrpyHTOBaHO 1 JOCHIIKEHO BHOIp KOMYHIKAUIMHOrO 1HTEpdeicy s
JUCTAHI[ITHOTO YIMPaBIIHHSA MOAYJISMHU DPajaio3B’si3Ky B IHTETPOBaHIA CHUCTEMI.
3anporioHoBaHa peanizallis iHpopMmaiiiiHoro o6Miny 3a crangapramu cepii IEC
61162 (NMEA 0183) B cyaHOBMX Mepekax pajio3B’si3Ky 1 HaBirarii s
3MIMCHEHHS  BIAJQJICHOTO MOHITOPUHTY/yNIPaBIiHHS ~ Paaio3B’sI3KOM 3
BUKOPHUCTAaHHSIM ITU(POBOrO BHUOIPKOBOTO BHUKIHMKY. EJEKTpOHHE MHMCTaHIliNHE
YIPaBIiHHS MPUAMO-TIEpEeIaBaIbHUMK TMPUCTPOSIMU 3B’SI3KY 3aMiCTh PYYHOTO
crioco0y J03BOJIsI€ pealli3yBaTd MOJIYJAbHUN TPHHIMII CTBOPEHHS CYIHOBUX
CUCTEM PpAaJIIO3B’SI3KY 3 €IWHUM CTaHIApTH30BaHUM IHTEpHENHCOM YIpaBIiHHS
BaxXTOBUM 0OQIillepoM, [0 3HAYHO 3MEHIIyEe HOro poOoye HaBaHTAXKEHHS Ha
XO0JIOBOMY MICTKY 1 IPUCKOPIOE aJIAITAIIiIO JIO 1HIIIOTO CYAHA MIPHU 3MiHI eKilmaxy.

Po3pob6nenuit crmocid6 aBromaruunoi imeHTHdikamii (Al) pamioreneponHMX
nepeaad 1 TIepeJaBaHHS JOJATKOBOI iHGopmMalii 13 3adydeHHSIM Cy4acHOl
TexHoJjorii mudpposux BoasHuX 3HakiB (I[B3). JloBeneni nepesaru 11p0ro crocooy
Al ns cBoeuacHOi imeHTHdIKAIlT CTaHIli, 110 Mepeiae B MOPIBHSAHHI 3 ICHYFOUMMU
cocobamu MOBHOI ineHTH(iKamii 1 cuctemoro ATIS, ska BUKOpUCTA€ThCS Ha
BHYTPIIIHIX BOJaX KOHTUHEHTAIbHOT €BpOTIH.

HonatkoBo Al pagioTeneoHHUX mepeaad J03BOJISAE MIABUIIMTHA HaBIrainHy
Oesmeky (safety) 1 kibepOesneky (security), 30kpemMa:

— BYACHO BUSBJIATH  aAHOHIMHI  pasmioTeneoHHI  TepemaBaHHsS  0Oe3
BUKOPHCTaHHS 3ac00iB paliONeNIeHIyBaHHs, IO BKpail BaXXJIMBO MJIs 3aXHCTY

KaHaJiB (4acTOT) Jinxa Ta Oe3MeKH;



— 11eHTU(1KyBaTH HAaBMHUCHO HecIpaBxkHI ((pelKOoB1) paaionoBiIOMIECHHS BIJ
HIIO1 cTaHUIi 3 OyAb-SIKUX MIPKYBaHb;

— BUSIBJISITU BUIMAJAKOBI a00 HAaBMHCHI 3amajaHHs TaHTEHTU CIyXaBKHU (Tak
3BaHuil “keying effect”), mo moxe npuBecTH K OnokyBanHio YKX kanamis
OeperoBuX CTaHLINA YIPABIIHHSA PYyXOM CY/EH;

— 3[IMCHIOBAaTH NPHUXOBaHy IMepenady KoH(QIIEHUIMHUX [JaHuxX Yy pasi
TEPOPUCTUYHHX 3arPO3.

Hani inentudikamii (abo iHII 10AATKOBI JaH1) CyJHA, K Mepeaac, 3aBIsIKu
¢ynxuii Al cripsMoBytoThCs y 1HGOpPMAIIHHUN TUCIIIEH 1 MApKYBaHHS LIbOTO
cynHa (BiIOOpaX€HHsI JaHUX), [0 CIpUS€ TOJIMNIICHHIO HaBIraliiHoOro
CIIOCTEPEIKEHHS BAXTOBUM O(IIICPOM.

Po3poOneni 1 pocmimkeni anroputMu ¢opmyBanHs 1 BusBieHHs LIB3, ski
NPHUJIATHI SISl MPAKTHYHOTO BHKOPHUCTAHHS B PEabHUX pajioKaHajaX 3a YMOBH
BpaxyBaHHS BIUIMBY YCiX MOXIJIMBHUX Tmepemkos (arak). Bupimena 3amauva
onTUMI3aIlli KOMIPOMICHHUX TMapamMeTpiB aJIrOpuUTMIB B IUIONIMHI KiJIBKICTh
iHbopMallii — SKICTh CHTHAy — 3aBaJIOCTiMKiCTh. JloBemeHo, 10 Haikparrii
MOKa3HUKHU JI03BOJISIIOTH OTPUMATH AIrOpuTMH BOyAoByBaHHS nanux [IB3 B
JacTOTHIH o00macTi AuckperHoro mnepetBopeHHs Dyp’e. PexomeHmoBaHO
3acTocyBaHHs po3MipHocTi JIID 256 BimmikiB mpu 9acToTi auckpeTusarnii 8 kI'.

Po3pobneni anroputmu (opmyBanHs 1 BusinenHs 1[B3, ski nmpupgatHi s
NPAKTUYHOTO BUKOPUCTAHHS B pEaNbHUX paJioKaHallaX 3a YMOBH BpaxyBaHHS
BIUTUBY VyCIX MOXJIHMBUX TeEpemKos] (arak) 1 BHKOHAaHO IX MaTeMaTH4YHE
MoOJIeIIOBaHHsA. BcTaHOBIICHO, MO HAWMOUIBII PYWHIBHHMH 3aBajaMu ISl JTAHUX
IB3 € xonmuBanus ammutityau curHary, MCI, moMuiaku 4acoBOi CHHXpOHI3aIlii.
JloBeneHo, 1o HaOUIbI epEeKTUBHIUMH aaropuTMamMu BOynoByBaHHs 1[B3 € Taki,
o noOyAoBaHI 3a yYMOBHU 3HaHHS 3BYKOBOI'O CHUTHaly, TOOTO BHUKOPHUCTAHHS
noiHdopmoBaHoro konepy. IIlpm BuKOpHCTaHHI MOIH(QOPMOBAHOTO KOAEPY

3aTpUMKa CHTHAjJy Ha Mepejady JOPIBHIOE NPHUOIU3HO 64 MC TpU MIBHUIKOCTI



nepenaBanHs nganux [IB3 32 6it/c 1 3a0e3nedyeHHi 3arajbHOi  CIYyXOBOIi
HEYYTIMBOCTI BOYIOBAaHUX JIaHUX.

Po3pobiieHe ekciepuMeHTaaIbHe 001aHAHHS

— excriepuMeHTanbHuil  BunpoOyBanbHuid  AIIK  (cTteHn) iHTerpoBaHOi
CUCTEMH y CKJIajli 3ac00iB paaio3s’sisky YKX, ITX/KX panmiorenedonii/l[BB, AIC,
npuitmada GPS, indopmaiitHoro nucmes;

— exkciepuMeHTanibHa cuctema Al YKX panpioteneoHHOTO 3Bs3KYy, sKa
peanizoBaHa Ha MikpokoHTposiepi STM32 Discovery 1 GPS moxyni NEO-6M-0-
001 13 3acTocyBaHHSIM IITaTHUX cyAHOBUX TpaHcusepiB IC-M330 1 Sailor RT-
2048.

[IpoBeneni HaTypHi BHIPOOYBaHHS 1 JOCHIDKEHHS EKCIIEPUMEHTAIBHUX
NpOTOTHUIIIB B peanbHUX paniokaHanax (BB, AIC 1 pamiotenedonii Mopchbkoi
pyxomoi ciyxOu, sKi JOBEJd CHPaBeUIMBICTh PO3POOJIEHUX TEOPETHUHUX
TIOJIOKEHB 1 MAaTEMaTUIHUX MOJIEIICH.

HaykoBa HOBM3HA OTpUMaHUX PE3YNIbTATIB MOJISTA€ Y HACTYITHOMY:

Brepiue:

— po3po0JieHa KOHIICMIISl YIpaBIiHHS pajlo3B’SI3KOM, sIKa IPYHTYEThCS Ha
IHTErpyBaHHI KOMYHIKAI[IHHOTO 1 HaBIramiiHOro oOJlaJHAHHS, BHKOPUCTAHHS
rpadigHoro  iHTepdeiicy 1 couibHOI  OOpOOKM  JaHMX  aBTOMATHYHOI
inenTudikamiitnoi  cuctemMu Ta  IMpPoBOro  BHOIPKOBOTO  BHUKIHMKY B
iHbopMariitHOMy nucruiei 1 imeHTudiKamii pagioreaeOHHUX Mepenay;

— po3po0JeHa METOMOJIOTIS IHTErPYBaHHS CHUCTEM pPaaio3B’s3Ky 1 HaBiraiii
HAa OCHOBI ICHYIOUMX CYyJHOBUX KOHBEHIIMHMX CHCTEM: aBTOMAaTUYHOI
1IeHTH(IKAIITHOT CUCTeMH, eIEKTPOHHOT KapTorpadiyHoi 1 HaBIramiitHOT CUCTEMH,
IHTETPOBAaHOT HABITaI[iHHOT CHCTEMH, CHCTEM Ha3eMHOTO panio3B’si3ky YKX,
[IX/KX pnmianma3oHiB 3 BHKOPHUCTAHHSIM IM(GPOBOrO BHOIPKOBOTO BHKIHKY 1
pamiotenedoHii, SKa JTO3BOJSE OTPUMATH CHHEPTETUYHHUN €(DEKT 1 JOCITTH METH
MOTITNIIICHHST HaBIraliifHOTO CITOCTEPEKESHHS 1 CTBOPEHHS 3pYYHOro iHTepdeiicy

(SMART inTepdeiicy) ympaBiaiHHS paaio3B’si3KOM 1 HOro MOHITOPUHTY 3a



PaxyHOK CHUIbHOI OOpOOKM JaHWX Bl HE3AJICKHUX CYJHOBUX 3aCO0IB HaBiraiii i
3B’ SI3KY;

— 3aIpPONOHOBAHMI HOBHUH cnocio aBTOMATHYHOI iaeHTudikamii
panioTenieOHHUX Tepeaad 1 nepeaBaHHs 10JaTKoBOi 1H(OpMaIlil B aHATIOTOBUX
panioTeneOHHIX KaHaAlIaX MOPCHKOI PYXOMOi CIy»O0i, 3aCHOBaHHMI HAa Cy4acHHX
MeToax HU(pPoBOi 0OpPOOKM CHUTHANIB 13 3aCTOCYBaHHSIM TEXHOJIOTIT HU(POBUX
BOASHUX 3HAKiB, SKIM JJO3BOJISE TMIJABUIIUTH HAAIMHICTh 1AeHTUIKALIT Yy
NOPIBHSIHHI 3 MOBHOIO 1ICHTH(IKAIII€I0 1 BUKOPUCTATH LU(PPOBI JOJATKOBI J1aHl B
IHIITMX CYTHOBHX CHCTEMAaX;

— po3po0JieHI HOBI aJITOPUTMH TNPUXOBAHOTO TIEpEJaBaHHS JaHUX B
panioTenie)OHHUX CUTHANAX 1 1X CHHXPOHI3allli 32 JOMMOMOTOI CUTHAIIB TOYHOTO
yacy mnpuiiMadya T700anbHO1 HaBirauiiHoi cynmyTtHukoBoi cuctemu (GPS), sxi
JO3BOJISIOTh HAaWKpPAIIMM YWHOM BHPIIIATH KOMIIPOMICHY 3a/1ady OTpPHUMaHHS
KOHKYPYIOUMX NapaMmeTpiB KUIbKICTh BOyJI0BaHOI iHQOpMaIii — SKICTh CUTHAITY-
HOCISl — CTIHKICTB JAaHUX J0 Mepeniko B peaibHoMy YKX pamiokanaii.

OTpumalv moaagbIIui PO3BUTOK:

— METOAM 1 3aco0M MpaKTUYHOI peamizamii iHGopMalliifHoro oOMiHY 3a
crangaptamu cepii IEC 61162 (NMEA 0183) B cynHOBUX Mepekax pajiio3B’s3Ky i
HaBiramii Jj1s1 371MCHeHHS BIAAJICHOT0 MOHITOPUHTY/YIIPaBIiHHS Pagio3B’ sI3KOM 3
BUKOPHUCTAHHSAM UG POBOTO BUOIPKOBOTO BUKIIHKY;

— METOJM TPHUXOBAHOTO BOYAOBYBaHHS J0JaTKOBOi iH(popMallii y 3BYKOBI
CUTHAJU U1 IHPOPMOBAHOTO KOJIEPY 3 YPaXyBaHHSAM CTaHy CUTHAIY-HOCIS;

— METOJY BUSABJICHHS 1 imeHTU(iKalii BUMAIKIB MOpPYyIIeHb pamioedipy y
Bursiai  aHoHiMHUX YKX panmionepenad abo TposBIB 3amagaHHS KHOIKH
nepeaaBaHHs (TAaHTEHTH) paliOCTaHIII

— METOJY MPUXOBAHOTO NepeaaBanHs iHGopMmarii y mudpoBux pagiokaHamax
HA3eMHOTO 1 CYITyTHHKOBOTO 3B’ SI3KY.

[TpakTuHe 3HaYEHHS OJIEPKAHUX PE3YIBTATIB MOJIATAE Y HACTYITHOMY:
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— inrerpoBani cucremu tumnie EKHIC/AIC — YKX/IIX/KX/IBB 1 AIC —
VYKX/TIX/KX/IIBB — IndopmariiiHuii qucruiel [03BOJSIOTh YCYHYTH pPY4YHI
onepailii GopMyBaHHS BUKJIUKY CYJEH, 10 MiABUINYE €(DEKTUBHICTh 1 HAAIHHICTD
aapecHoro YKX paniorenedoHHOro 3B’s3Ky B pealbHOMY 4aci 3 JOTPUMaHHSIM
yCiX eKCIUTyaTaliiHuX npoueayp 0e3 3amiHu 0a30BOro CYAHOBOTO OOJaJHAHHS
HaBiraii 1 3B’ 13KY;

— rpadiunuii iHTepdelic monuHa-mamuHa (IJIM) iHTerpoBaHux cuctem
J03BOJIIE 3pOOMTH HaWOUIBII TOBHMM 1 ONEpPAaTUBHUN CHUTYallMHUI aHami3
NOTOYHOI HaBirauiiHoi 00CTaHOBKH 3a paxyHOK MapkyBaHHs AIC-BigMITOK 1ijiei
CyJIeH, 110 BUKJIMKAIOTH 3a gonomoroto [IBB, abo nepenaiots pagiorenedoHom;

— MO30aBJICHHS CYIHOBOJIS OMNEpyBaHHS 3 aOCTpaKTHUMH JaHUMHU B
nporenypax ¢popmyBanas [[BB Ha pi3HOMaHITHUX KHOITKOBUX TAHEIISAX armapaTypH
pi3HUX  (QIpM-BUPOOHUKIB 1 TMepexig [0 VYOPaBIIHHS PaAlo3B’s3KOM Y
CTaHJAPTU30BAHOMY PEXUMI 3 1H()OPMAIIIITHOTO JUCTIIES;

— peamizaitis ¢yHkiii Al B pagioreneoHHOMY 3B’SI3Ky JI03BOJISIE YCYHYTH
PI3HOTO POy MOMMJIKH 1 3aTPUMKH 17eHTU(]iKaIil BaXTOBUM O(IllepoM CyIHA IO
nepeaae, BUSBIATH aHOHIMHUX MOPYITHUKIB edipy 1 OJIOKyBaHHS KaHAIIB 3B’ SI3KY
y 30H1 BIITIOBIIANIBHOCTI CiIy»)0u yripaBiinusa pyxom cyaeH (CYPC);

— BHUKOpPHCTaHHS iHTerpoBaHux cucteMm i Al Ha 6eperoBux cranuiax CYPC i
IpU TMPOBEJICHHI TMOIIYKOBO-PATYBAJIBHUX OIEpallii IMiJBUIIYE OIEPATUBHICTH
MIPOBEICHHS MOIIYKOBO-PATYBAIBHUX OTEpaIliil.

PesynpraTi po6oTr Oynv BUKOPUCTAHI:

— B Kazennomy minmpuemMcTBi «MoOpchKka MONIIYKOBO-PATYBAJIbHA CIIYkKOay,
M. Opeca;

— B IPOMO3HUIIISX, M0 po3pobieHi B HamionaneHoMy yHiBepcuTeTi «Oechka
MOpChKa akKaJaeMis» 1 MpeACTaBlIeHI Ha JepKaBHOMY pIiBHI Bif YKpaiHu B
ctpyktypu IMO, a came:

— Ilinkomiter IMO 3 Pagio3s’s3ky, nmomryky Ta paryBanus (COMSAR/14) y
2009 p.;
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— Ilinkomiter IMO 3 Hagiramii, paaio3B’si3Ky, MNOLIYKY Ta pPSITYBaHHS
(NCSR/3) y 2016 p., (NCSR/4) y 2017 p., NCSR/5) y 2018 p.;

— Komirer IMO 3 Hasiramii (NAV/56) y 2010 p., (NAV/58) y 2012 p.,
(NAV/59)y 2013 p., Komitrer IMO 3 6e3nexu moperiasctea (MSC/97) y 2016 p.

Pesynbpratn nucepramniiiHoi poOOTHM BUKOPUCTAHI B JEPKOIOIKETHUX
HAyKOBO-JIOCHIIHUX poOoTax: «MeTtoau Ta 3acoO0M MOOYIOBH CHUCTEM 3aXUCTY
iHOopMaIlii Ha OCHOBI TEXHOJIOT1 cTeranorpadii 1 tudppoBUX BOJASHUX 3HAKIBY», J[P
Ne 01080001486, «Po3poOka MeToaiB 1 3ac00iB aBTOMATHYHOI 1AEHTH(IKALIT
panioTeneOHHUX Mepeay y MOPChKi pyxomiit ciayx0i», JIP Ne 0109U001536,
«Po3pobka cyqHOBUX IHTErpPOBAHHUX CHUCTEM PaJlio3B’sI3KYy 1 HaBiraumii y pamkax
3arajibHOi KOHIIEMIIi PO3BUTKY €JeKTPOHHOI HaBiraiii», JIP Ne 0112U000354,
«IHTeTpyBaHHS CYJHOBHUX CHCTEM paaio3B’ 3Ky 1 HaBiramii I IiABUIICHHS
Oe3IMeKr CyJHOIUIaBCTBA B paMKax KOHIeMIii e-Hagiraiii», JIP Noe 0119U001652,
«Po3po0iieHHsT CTaHIapTU30BaHOTO 1HTEp(deiicy MOPCHKOro pajio3B’s3Ky Ha
OCHOBI MOro IHTETpyBaHHsS 3 HaBiramiiauMu cuctemamu», HTP 3a nepsxkaBHUM
3aMOBJICHHSIM 3a pos3nopskeHHsM Kabinery MiHicTpie Ykpainu Big 10 gumHs
2019 p. Ne 530-p, AP Ne 0119U103293, mo BukoHyBajauch B HallioHaabHOMY
yHiBepcuTeTi «Onecbka MOpChbKa akaaeMmis» BIAMOBIAHO IiaHy MiHicTepCcTBa
OCBITH 1 HayKH YKpaiHu, y SKuX aBTOp OyB BiAMOBIJaTbHUM BUKOHABIIEM.

3a pesynbratamu poOoTH oTpuMaHo 10 maTeHTiB YKpaiHu HA BUHAXOOU Ta 2
MDKHApOJHI TATEeHTH Ha KOpUCHY Mojaenb y Himeyunni. 3asBHHUKOM Ta
MATEHTOBJIACHUKOM B YyCix mareHTtax € HamionanpHuii yHiBepcuter «Onechbka
MOPCBhKa aKaJIeMis».

KaouoBi caoBa: 1mmdpoBuii  BHOIPKOBHMI  BUKIHMK, aBTOMaTHYHA
imeHTudikamiitia cucrema, pamiorenedonis, iHTepdeiic, ineHTudikamis, mudpoBi

BOJISTHI 3HAKH, iHPOpMAITis.
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SUMMARY
Shyshkin O.V. Integration of marine radio and navigation systems in
the frame of the e-navigation concept development. — Qualifying scientific work
on the rights of the manuscript. The thesis for the degree of doctor of technical
sciences on a specialty 05.22.13 — navigation and control of the movement (271 —
River and sea transport). — National University "Odessa Maritime Academy"”,
Odesa, 2021.

The work is devoted to the development of methods to improve the technical
and operational characteristics of vessel’s maritime radio communication and
navigation installation by means their integration and joint data processing while
maintaining the basic composition of ship equipment, considering user needs —
officers of the watch (OOW) — and taking into account global trends in marine
technology according to the e-navigation concept that founded and actively
promoted by the International Maritime Organization (IMO). The concept of e-
navigation is based on three components: ship equipment, shore infrastructure and
radio communication systems.

The analysis of the development of modern shipping over the past two
decades has shown the introduction of a number of new maritime radio
communication and navigation systems such as the Global Maritime Distress and
Safety System (GMDSS), Digital Selected Calling (DSC), satellite systems
INMARSAT, COSPAS-SARSAT, Iridium, global navigation satellite system
GPS/GLONASS, automatic identification system (AlS), electronic chart display
and information system (ECDIS), others. The development and improvement of
these systems has been accelerated by the implementation of the e-navigation
strategic implementation plan (SIP) that emphasizes comprehensive digitization
and standardization of ship systems to support the decision-making process of a

ship's officer on board and ensure the efficiency and safety of navigation.
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The main guiding principle of the implementation and development of e-
navigation elements is to take into account primarily not technological advances,
but the practical needs of seafarers for the proper operation of ship systems and
devices to reduce the administrative burden on board so that the watch officer is
focused on safe navigation and efficient execution of ship operations.

GMDSS communication installation directly affect the efficient and safe
navigation, but in practice the introduction of new communication systems, in
particular, DSC, does not allow to obtain proper efficiency and effectiveness of
radio communication, and creates extra burden for OOW on providing terrestrial
communication using DSC according Radio Regulations. The variety of radio
equipment, the complexity and long-term manual control operations in practice
lead to neglect of the rules of communication, errors in the identification of
vessels, which ultimately affects the safety and the efficiency of maritime
navigation.

Taking into account
— existing problems in the practical operation of ship's radio and navigation

systems;

— user needs of watch officers on the bridge on practical using of ship's radio and
navigation installation;

— SOLAS requirements for the composition and technical and operational
characteristics of ship navigation and communication equipment and its
compatibility;

— strategic global direction of e-navigation shipping development

in the dissertation the new ideas on integrating shipborn communication (DSC,

radiotelephony) and navigation (GPS, AIS, ECDIS) systems are designed for joint

data processing that allows obtaining new the capabilities in radio control and
navigation watching.

The designed integration fuses the data of DSC communication system and

AIS navigation system based on a common identifier. Because the AlS data packet
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and the DSC sequence contain maritime mobile self-identifier (MMSI), the AIS
and DSC messages can be combined. The standard set of parameters of the call
sequence is supplemented by the parameters of the AIS target on the vessel
receiving the call in the DSC system, as a result of such integration. When
displaying information on the graphical information display AlS-target is
accompanied by a flashing mark.

It is not necessary entering a 9-digit MMSI of the vessel to be called in the
DSC system, which still needs to be find out using, for example, AIS or ECDIS. It
is enough for the watch officer to select AIS target on the information display by
means of a trackball, or other suitable manipulator and to transmit a call on DSC
channel 70. The working radiotelephone channel is set by default, for example, 77.
Thus the watch officer is free of manual operations with abstract data for forming a
calling sequence and is entirely concentrated on the decision making of directly
navigation task.

It is proposed to use a graphical interface for monitoring / control of radio
communication, which allows increasing the efficiency and reliability of addressed
radio communication, and providing standardization of the user interface as
opposed to the variety of button-based interfaces of radio equipment from a variety
of industrial manufacturers.

The choice of communication interface for remote control of radio
communication modules is researched and grounded. Implementation of data
exchange according to the standards of the IEC 61162 series (NMEA 0183) in ship
radio and navigation networks for remote monitoring / control of radio
communication using a digital selective call is proposed. Electronic remote control
of transceivers instead of the manual handling allows implementing the modular
principle construction of shipboard radio communication systems with a single
standardized human-machine interface for OOW. Such interface reduces his
workload on the bridge and speeds up adaptation to another ship when changing

crew.
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A method of automatic identification (Al) of radiotelephone transmissions
and transmission of additional information with the involvement of innovative
technology of digital watermarking (DWM) has been developed. The advantages
of this method of Al for timely identification of the transmitting station in
comparison with the existing methods of voice identification and the ATIS system
used in the inland waters of continental Europe are proved.

Additionally Al of radiotelephone transmissions allows increasing
navigation safety and cyber security, in particular it provides:

— timely detection of anonymous radiotelephone transmissions without use
of radio direction-finding devices, which is extremely important for the protection
distress and safety frequencies;

— identifying of intentionally false (fake) radio messages from another
station for any reasons;

— detecting accidental or intentional falling-down of the handset tangent (so-
called “keying effect”), which can lead to blocking of VHF channels of vessel
traffic services (VTS);

— providing the hidden transfer of confidential data in case of terrorist
threats.

Thanks to Al function identification (or other additional) data from the
transmitting vessel is forwarded to the information display for marking the vessel
(displaying data), which helps to enhance navigation awareness by the watch
officer.

Algorithms for the formation and detection of DWM have been developed
and studied, which are suitable for practical use in real radio channels, provided
that the influence of all possible interferences (attacks) is taken into account. The
trade-off task of DWM algorithm parameters in the domain volume of information
— signal quality — noise immunity is solved. It was proved that the best parameters

can be obtained for DWM algorithms in the frequency domain of discrete Fourier
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transform (DFT) using an informed encoder. It is recommended using the 256
point DFT dimension at a sampling frequency of 8 kHz.

Algorithms for the DWM forming and detection, which are applicable for
practical use in real radio channels, taking into account the impact of all possible
interferences (attacks), are designed. It is proved that the most effective algorithms
for DWM data embedding are those that use the information on the carrier audio
signal (so called informed coder). When using the informed encoder, the
transmission of radiotelephone message is approximately 64 ms at a hidden data
rate of 32 bit/s and a total auditory insensitivity of the embedded data.

Mathematical simulation of algorithms is performed; experimental
prototypes of the hard-software complex of the integrated radio communication
and navigation system and Al system of radiotelephone transmissions in real radio
channels of sea communication are developed.

The next experimental equipment is designed:

— experimental hard-software complex of the integrated system which
includes VHF, MF/HF radios with radiotelephony/DSC regimes, AIS, GPS
receiver, information display;

— experimental Al VHF radiotelephone system, which is implemented on a
microcontroller STM32 Discovery and GPS modules NEO-6M-0-001 using
standard maritime transceivers 1IC-M330 and Sailor RT-2048.

Full-scale tests and researches of experimental prototypes in real radio VHF
radiotelephony/DSC and AIS maritime channels were carried out which proved
validity of the developed theoretical principles and mathematical models.

For the first time are developed:

—the concept of radio communication control, which is based on the
integration of communication and navigation equipment, the use of graphical
interface and joint AIS and DSC data processing in the information display and

identification of radiotelephone transmissions;
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—the integration methodology of radio communication and navigation
systems using existing ship conventional systems: AIS, ECDIS, integrated
navigation system, VHF, MF/HF terrestrial radio communication systems with
digital selective calling and radiotelephony that allows obtaining synergistic effect
and achieve the goal of enhancing navigation awareness and creating a user-
friendly interface (SMART interface) for radio communication controlling and
monitoring through joint data processing coming from independent ship navigation
and communication facilities;

—the new method of automatic identification of radiotelephone
transmissions and transmission of additional information in analog radiotelephone
channels of the maritime mobile service, based on modern methods of digital
signal processing using digital watermark technology, which increases the
reliability of identification compared to voice identification and also use additional
digital data in other ship systems;

— the new algorithms for hidden data transmission in radiotelephone signals
and their synchronization with the aid of precise time signals of the receiver of the
global navigation satellite system (GPS), which allow to best solving the
compromise task of competing parameters choosing: capacity of embedded
information — carrier signal quality — data robustness against interferences in the
real VHF radio channels.

There were gotten:

—methods and facilities for practical implementation of information
exchange according to IEC 61162 series standards (NMEA 0183) in ship radio and
navigation networks for remote monitoring / control of radio communication using
digital selective calling;

— methods of hidden embedding additional information into audio signals for

the informed encoder, taking into account the state of the carrier signal;
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— methods of detection and identification of violations of radio broadcasting
in the form of anonymous VHF radio broadcasts or manifestations of the
transmission button (tangents) falling down in the radio station;

— methods of hidden information transmission in the digital radio channels
of terrestrial and satellite communication.

The results were used:

— in the State Enterprise "Maritime Search and Rescue Service"”, Odessa;

— in the proposals developed at the National University "Odessa Maritime
Academy" and presented at the state level from Ukraine to the IMO, namely:

—IMO Subcommittee on Radiocommunication, Search and Rescue
(COMSAR / 14) in 2009;

— IMO Subcommittee on Navigation, Radio, Search and Rescue (NCSR / 3)
in 2016, (NCSR / 4) in 2017, (NCSR / 5) in 2018;

— IMO Navigation Committee (NAV / 56) in 2010, (NAV / 58) in 2012,
(NAV /59) in 2013, IMO Maritime Safety Committee (MSC / 97) in 2016.

The results of the dissertation were used in 5 state budget research works,
including scientific and technical development by state order of the Cabinet of
Ministers of Ukraine dated July 10, 2019 Ne 530-p, DR Ne 0119U103293,
performed at the National University "Odessa Maritime Academy” according to
the plan of the Ministry of Education and Science of Ukraine, in which the author
was the responsible executor.

According to the results of the work, there were obtained: 10 patents of
Ukraine for inventions and 2 international patents for utility models in Germany.
The applicant and patent owner in all patents is the National University "Odessa
Maritime Academy".

Key words: digital selective calling, automatic identification system, radio

telephony, interface, identification, digital watermarking, information.
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