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Huceprariiitna poboTa TMpUCBSIUYEHA aBTOMATHU3allli PIYKOBUM  €IEKTPOHHO-
KapTrorpadiyHoi CHCTEMHU IIOAO BiOOpakeHHs (GaKTUYHUX TIJTMOMH HA CHUCTEMHIN
CJIEKTPOHHIM  KapTi MUIAXOM PO3pOOKHM HOBUX METOMIB, 10 JO3BOJIAIOThH
aBTOMATU3yBaTU BHOIp OE3MEYHOro HUISXY 3 JAOTPUMAHHSM BHMOT 3 O€3MEKH PyXy
CyIHa, 1[0 MAHEBPYE.

HaiiGinpm BaIMBOIO MPOOJIEMOI0 cydacHOi e(eKTUBHOI eKCIuTyaTallli BOJIHOTO
TPAHCIIOPTY € MUTAaHHA Oe3MeKu CyIHOIIaBcTBa. Ha mijcTaBi oTpuMaHuX JaHUX MIOAO
JUHAMIKH aBapiiiHOCTI Ha BOJHOMY TPAHCIIOPTI 32 OCTaHHI POKH MOKHA CTBEPIKYBaTH,
10 aBapifHICTh 3AIUIIAETHCS HA TOMY K PiBHI, @ HAUOLIBIINH 1i BIICOTOK MPUIIAIAEe Ha
aBapii B yMOBax OOMEXEHOr0 MaHEBPOBOIO MpPOCTOPY (pIYKH, TOPTOBI 30HH,
npuOepekHe IuIaBaHHS). B skocti rosioBHOiI BigmiHHOI ocobimBocti BBII Bix
MOPCBHKUX BOJIHUX LUISIXIB HEOOX1AHO BUAUIMTH HECTAOUIBHICTh TJIMOUH, PyCcesl PIYOK 1
XapaKTepUCTUK  BOAHMX  MOTOkiB. Ile, Oe3ymoBHO, BuMarae peaizaiii
OOUYMCITIOBATIBLHOIO 1HTEJIEKTY JIJIsl aBTOMaru3allii HaHeCeHHs (PaKTUUYHMX IIHOWH Ha
€JICKTPOHH1 KapTH JIJIs TIABUIICHHS €(heKTUBHOCTI ekciutyarariii BT3.

Ha 06a3i ormsigy mitepaTypHUX JDKepen Bi3HA4YeHo, 1Mo MyOJsikarii, moB's3aHi 3
npoOiieMaMyd aBTOMAaTU30BAHOTO OHOBJICHHS B1AOOpPa)KyBaHOIO MAacCUBY TJIHOUH Y

SENC mnpu ekcryararnii Inland ECDIS, nyxe oOmexeHi, a naeski iX acleKkTH



JOCTIIKEH1 HE MOBHICTIO, TOBEPXOBO 1 MOODKHO. B pe3ymnbTari anamizy JiTepaTypHUX
JpKepen Oylo BCTaHOBIEHO, IO IEHTPaJbHUM HAmpsSMOM BUPIIIEHHS BKa3aHOI
npoOJieMH € BJIOCKOHAJICHHS 1 po3poOKka e(peKTUBHUX CIMOCOOIB eKCIuTyaTallii BOAHOTO
TPAHCIIOPTY 3a JOMOMOTOI0 JOJATKOBHX METOJIB peajizamii 004YHCIIOBaIHLHOTO
1HTEJIEKTY NMPU BUKOPUCTAHHI JieTaizoBaHoro Macupy mubuH B Inland ECDIS, a takox
BUOOpY O€3MeYyHOro HUIsIXy 3 JOTPUMAHHSIM BHUMOT 3 O€3MeKH pyXy CyJHa, IO
MaHEBpPY€E, Ta OXOPOHU HABKOJHUIIIHBOTO CEPEIOBHUIIIA.

OOrpyHTOBAaHO OCHOBHMI HANpsIM JUCEPTALIIHOTO AOCTIIHKEHHSI, IKE TIPUCBSYCHE
po3po01Iil crocody aBToMartu3allii poOOTH (PYHKIIOHATBHUX MIJACUCTEM 3 IMiABUIIEHUM
piBHeM Oe3nmekd pyxy Ha TPOTHO3HO-TUTAHOBUX  MapHIpyTax  EJIeKTPOHHO-
KaprorpadiuHoi iHTeNeKTyali3allii B pI3HUX HaJI3BUYailHUX ymoBax. Po3poOka MeTomiB
MOJIEJIFOBAaHHS TaKOl (PYHKIIOHAJIBHOI CUCTEMH CHpHsIE OUIbII €(PEKTUBHOMY IJIABAHHIO
B YMOBaX PIYKOBOI e-HaBiraiii, MonepeKEHHIO MOCaJ0K Ha MUIMHY Ta 3a0€3MeYeHHIO
0€3MeYHOro MpoXoay MiJ MOCTaMHM, JIHISIMH €JIEKTpoInepenad B CTUCIMX YMOBax,
BKJIIOUYAIOYM peali3alliio J0/IaTKOBUX 3aB/IaHb.

OO0'exTOM JOCHIKEHHSI € TMPOIIECU EKCIUTyaTallli BOJHOTO TPAHCIIOPTY Ha PIyIll
JIHimpo, a mpeaMeToM JOCIIIKEHHS] € METOAM 1[0 BU3HAYAIOTh CTPYKTYpPY 1 0OpoOKy
JAHUX Y €JIEKTPOHHO-KapTorpadigHux 3acob6ax piYKOBOTO CYTHOBOIIHHSI.

Posrasinyra MeTo0510Ti4Ha CTPYKTYpa AMCEpTallii 1 MpuBeaeHe 1i METOI0JI0TIUHE
3abe3neueHHs. [IpoBeaeHo BUOIp TeMU JOCHTIIKEHHS 1 BU3HAUCHI 11 OCHOBHI HAMPSIMHU.
Buknageni wmera aMcepTamiiHOrO JOCHIIKEHHS 1 WOro HayKoBa 3ajadva, sKa
MPE/ICTABICHA HE3AJIC)KHUMH CKIIaJoBUMU 3anadamu. ChopmyaboBaHa 1 MiATBEpKEHA
po0oya rinoTe3a HAyKOBOTO AOCITIIKEHHS, MPUYOMY MOKAa3aHO, 10 MpU BUPILIECHHI
HE3aJeKHUX  CKJIQJ0BUX 3a7ady  OJepKaHl  BIAMOBIIHI  HAyKOBI  pe3yJbTaTH
aucepraiiiinoi pobotu. IlpuBeneHi pe3yiabTaTd AOCHIIHKEHHS, K1 MalOTh HAayKOBY
HOBU3HY Ta OTPUMAJM TOMAIBIINN pO3BUTOK. OOIpyHTOBaHA NpPAKTUYHA I[IHHICTH
JOCHIIKEHHS 115 3a0e3MevyeHHs 0e3MeYHOro pyxy cyleH. 3acTOCOBaHI MaTeMaTUYHUN
amapar i MEeTOAMKHU BHUPIIICHHS CKJIaJ0BUX 3a7a4. MeTOIUKH OMKCYIOTh OCHOBHI €Tanu
BUKOHAHHS HAYKOBOTO JIOCHIJDKEHHS 1 BKJIIOYAIOTh TEOPETUYHI PO3POOKH 3

BUKOPHUCTAaHHSAM CyYacHUX METOJIB eKchepTHoro anamsy. EdexTtuBHICTH Mepexi
3



aBTOMATH30BAHOI Mepeaayl MonpaBok a0 raubuH, nozHadennx y SENC, ouiHioBanacs
[JIIXOM BUKOHAHHS alpiopHOi OIIHKK Ta IMITAIifHOTO KOMI'IOTEPHOTO MOJIEITIOBAaHHS
3 METOI BHU3HAUCHHS OYIKYBaHOI €(QEKTUBHOCTI Ta JIONUJIBHOCTI peajizali
MPOMOHOBAHOT TEXHOJIOTII J0 eTamy ekcrutyaramii. J{is 3miicHeHHsT anpiopHOi OIIHKU
3aCTOCOBaH1 METOM MAaTEMAaTUYHOT'O MOJICITFOBAHHSI.

B ocHOBHIIf YacTWHI pPOOOTHM TPHUBEIACHO XapaKTEPUCTUKY CYYaCHOTO CTaHy
PO3BUTKY HaBITaIlifHOI TEXHIKH, IKHI XapaKTePU3y€eThCs MOSIBOIO HA PIYKOBUX CYyJIHAX
3HAYHOI KUIBKOCTI 3ac00iB eJeKTpOHHO-KapTorpadiuyHoi 1HTEJIEKTyari3aiii HOBOIO
MTOKOJIIHHS, IKUM BJIACTHBI MOKPAIIEH] TEXHIYHI Ta €KCIUTyaTalliHi XapaKTepUCTUKU. 3
MpoLIeCYy CYAHOBOJIHHSA BHJUIEHA Mpoleaypa 300pakeHHA (PaKTUYHUX TJIUOMH Ha
eKpaHi MOHITOpa. BuzHayeH1 nUIssxu OTpUMaHHS JTIOCTOBIPHOI HaBIraiiiHoi iHhopmMalii
UIsl €(EKTUBHOTO BUKOPUCTAHHS €JIEKTPOHHO-KapTorpaiyHuxX 3acoOIB MPU HECEHHI
HaBiramiiHoi Baxtu. ®opmanizoBaHi BHYTPIIIHI Ta 30BHIIIHI 3B’ SI3KU MPU €KCILTyaTarlii
Inland ECDIS y Bumisini €AMHOT CTPYKTYPHOI MOJIeITi. 3aCTOCOBAaHMI CUCTEMHUIN aHaIi3
II0JI0 BUKOPUCTAHHS JETalTi30BAHOTO MACHBY DNHOMH. 3IIHCHEHO TIeHEepyBaHHS
MHOXHHHU aJIbTEPHATUB MIPU CUCTEMHOMY aHalli31 MpoOJIeMH 3 BUKOPUCTAHHSIM METOY
CIIEHApPIiB 1 MOJICJIl «UYOPHOTO SIIHMKa». Y 3B'SI3KY 31 3HAUHOIO KIJIBKICTIO aJlbTEPHATUB
MPOBE/ICHA X TMOMepeaHs 1 mepcreKkTuBHA Kiacudikaris. OOTpyHTOBaHA MOXIJIHBICTh
BUKOPHUCTaHHSI OOYHCIIIOBAIBLHOTO 1HTENIEKTY TpH BUSBIEHHI JedeKTiB 0a30BOi Bepcil
nporpamuoro npoaykty Inland ECDIS, 3acHoBaHOrO Ha «HeuiTKii» JIoTiKi. Bu3HaueHi
dhopmaizoBaHi 3aBIaHHS, BUPIIMICHHS SKUX HEOOXITHE JJISI MaKCHMI3allli TEeCTOBOTO
MOKPUTTS Npu aBToMaru3oBanomy tectyBanHi Inland ECDIS. Tloka3ani ocHOBHI eTarm i
PO3pO0JICHHI aNropuT™M peaiizallii QyHKIIOHATBEHOT CTIMKOCTI CUCTEMHU aBTOMATHYHOTO
BioOpakeHHS (PaKTHUYHMX TJIHMOWH, IO BKIIOYAE B3aEMOJII0 CHCTEMH CIEMEHTIB
OeperoBoi  1HPpacTpyKTypu Ta  CYJHOBOIO  HaBIralifiHOro  OOJIAHAHHS 3
BUKOPUCTAHHSAM MAaTEeMAaTHYHOI MOJIEJIl y BUTJISA/II HEOPIEHTOBAHOTO Tpada.

BusHnaueHi OCHOBHI e€Tanmud CHUCTEMHOI ONTHUMI3allli CTPYKTypd 1 CTparterii
BUKOPUCTAHHA AETAII30BAaHOTO MACHBY TJIMOMH, IO MalOTh HaWOUIbII crerupiyHun
XapakTep. Oco0nuBoOCTAMHA BUKJIaJCHO1 METOIO0JIOT] € MMOJIOJIaHHS

OaraToKpUTEPIaIbHOCTI ONTUMIZAIIMHUX 3aBlaHb, BU3HAYEHHS iX 0O0CATYy 1 SKOCTI,
4



MiABUIICHHA YacTKUd (OpMalIbHUX NPUHAOMIB, SIKI HEMHUHYYl NpU BHUKOPHCTAHHI
MOPUHIINIIB CUCTEMHOTO MiAxoxy. s 3HATTS HEBHU3HAUYEHOCTI Oe3MmeyHux obiacTeit
HaBiramii BHACHIJOK BIUIMBY (haKTOPIB HABKOJHUIIHBOTO CEPEIOBHUINA 3IIMCHEHO
TCOMETPUYHE MOJCMIOBaHHS  (YHKIIIOHATFHUX  HENMIHIWHUX  3a7ad  HaBirari.
BinoOpakaHHs peasibHOI CUTYaIlliHOT JMHAMIKH BUKOPHUCTAHHS JI€Talli30BaHOTO OaHKY
IMOWH TIPY PYCl CyAHA Y N - MIpHOMY MPOCTOP1 OMKUCAHO y BUTJIAI AUEpeHIaIbHO-
IHTErpaJIbHUX PIBHAHD 3 BU3HAUCHHSAM MaTEMaTHUYHUX MPUHOMIB JIJIs IX BUPIIICHHS.

3miiicHeHa IHTEJIEKTyalbHa 0OpOoOKa IMOTOKY JaHUX BiJI BOJIOMIPHHUX ITOCTIB 3a
CUMBOJIbHO-(pOpMaIi30BaHUMHU NepeTBOpeHHsAIMH Jlamnaca npu pyci cyana. OTpuMaHuii
MOBHUI MaTeMAaTHYHUN BUPA3 ISl aBTOMATH30BAHOTO HAIXOKEHHS TU(epeHITIaTbHIX
MONPABOK J0 BUMIpSHUX TauOuH, siki nmo3HadeHi y SENC. Po3pobnenuii cuenapii
3axomeHHss B Inland ECDIS notoky pmaHuxX Bil BOAOMIPHHUX TIIOCTIB 1
ABTOMATU30BAHOTO BBEJICHHS TOMPABOK J0 BUMIPSHUX IJIMOUH 13 3aCTOCYBAHHSM
ONTUMAJIbHUX BaplaHTIB BU3HAYECHHS KOOPAMHAT pPyXOMOro o0'ekta y 30HI
(yHKLIOHANBHOT 371MCHEHHOCTI. [Ipy BUKOpHCTaHHI pI3HUX ACIHEKTIB, SIKI 0a3ylOThCS
Ha JIeAKid CYKYIHOCTI MpoOJieMHUX 00JiacTel, 3aCTOCOBAaHI KPUTEPIl 1HTEIEKTYyaIbHOI
00pOoOKHM MOTOKIB HABITAI[IHHUX JAHUX BiJl BOJIOMIPHUX IOCTIB.

JIyist BUpIIICHHS CKJIAIHOTO 3aBJaHHS BUKOPHUCTaHI TIOpUAHI HEUITKI HEHpOHHI
Mepeki 13 3aCTOCYBaHHSIM (YHKIIH akTuBailii HEWpOHIB. TakKMM YWHOM BIAJIOCS
pO3B'sA3aTH Mpolenypy kiacudikaiii BXiJHUX CUTHaIIB, 3pOCTaHHS ab0 3MEHIIECHHS
3Ha4YeHb AU(EPEHIIITHUX TOMPABOK 10 TVIMOWH, PO3MI3HAHHS HaBIraIiitHO1 iHpOpMaIlii,
110 HAaIXOJIWTh. BupimeHHs 3aBaaHHs Kjacudikalli moyisirajgo B po30OMTTI CUTHAIIB Ha
JUHAMIYH1 KJacu 1 B MOJAJIbIIOMY BUOOPI KOOPAUHAT MPOTOTUIIB. Mipoto OJM3bKOCTI
JIBOX BEKTOpIB oOpaHa €BKIIiIOBa BiacTaHb. [[ms kmacudikaiii BUKOpUCTaHA Mepexa
Koxonena, sika caMoHaBuYaeThcsi 0Oe€3 BuMTENsl Ha OCHOBI camoopranizaiii. Ilpu
HAaBUaHHI 3aCTOCOBAHUX HEHPOHHHX MEPEK BUKOPUCTAHUN METOJ OOYMCICHHS
3BOPOTHOTO TMOIIMPEHHS MNOMUJIKK. OOYUCIEHHS BHXIAHOTO BEKTOpAa 3BEACHO [0
MaTpUYHOTO MHOXEHHSA. OJHUM 3 HAWBAKIIMBIIIMX €TalliB IMiJABUIIEHHS TOYHOCTI
nanux, mo Hanxonarh no Inland ECDIS, € po3poOka iHTENEeKTyalbHO! €KCHEPTHOI

HEHPOHHOI MEpexi, 10 3acHOBaHa Ha mnpeueneHTax. lle no3Boisie B pesynbTaTi
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HaBuaHHa ¢opMmyBatu ©0a3y 3HaHb EKCIIEPTHOI CHUCTEMH 3a TPABUIAMH,
npeacTaBieHUMH Yy (OpMi HEUITKMX BHCHOBKIB. TakuM 4YMHOM BHUpillIeHa 3ajiada
BUOOPY THYYKO1 HEUITKO-HEHPOHHOT MOJIEJ1 IIPE/ICTABIICHHS 3HaHb.

3anponoHOBaHi CTPYKTYpHI Ta nudepeHiiaibHi CHMBOJIBHI TIEPETBOPEHHS 00'€KTIB
30BHIIIHBOTO CEPEJIOBUINA Y CHUCTEMi BIIOOpaKeHHS (PAKTUUHUX TJIMOMH Ha
CJCKTpOHHIM KapTi. Bwupimiena 3amaga poO3MIIIEHHS BOJOMIPHMX IIOCTIB 3
MaTEeMaTHYHUM PO3pPaxXyHKOM MEXi iX Jii.

BusznaueHi mporpama eKCIEpUMEHTAIbHUX JOCHIIPKEHb 1 IUIAXM BUKOHAHHS
anpiopHOI OLIHKM MIPOINOHOBaHOiI TexHojorii. [Iporpama nocimixeHp 0a3yeTbca Ha
3aMpONOHOBAHUX METOJaX €(PEeKTUBHOI OOPOOKH MOTOKY HaBITALITHUX TaHUX B YMOBax
piuKoBOi e-HaBiramii. O6pani mokazHuku Ta Qopmynu edexkTuBHOCTI. Ha mincrasi
aHaji3y HaBiramiiHo-rigporpadiuHoi iHopMmaiii Ta kaprorpadidHoro 3abe3nedyeHHs
CyIHOIUIaBCTBa Ha p. JlHIMpo po3poOieHuil MOIyJIbHUM TpUHLUN (HOPMYBAHHS
TUTIOBUX JUISHOK, JIe¢ B SKOCTI MOJYJIB OOpaHi BIANOBIIHI 30HU 300pakeHHs Inland
ENC. Buznauena MeTouka eKCIIEpUMEHTATBHUX JOCTIHKCHD Y BUTTISAL 9 TECTIB.

OtpumaHi pe3ynbTaTh EKCIEPUMEHTAIbHUX  JIOCHIDKEHb  IMIITBEPIKYIOThH
€(EeKTUBHICTh 3alpPOMOHOBAHUX METOJIB €(PEKTUBHOTO BUKOPUCTAaHHS BOIHOTO
TpaHcnopTy. Tak, 3ampoONOHOBAaHI METOAW JIO3BOJISIOTH IMIJBUIIUTH TOYHICTH
HaBiramiiHux mnapameTpiB (mompaBok a0 mmbun) Ha 10 %; ckoporutu Yac IS
NPUMAHSITTS  PIIICHHS 1I0A0 3a0e3neyeHHs O€3NeKH CYIHOIUIABCTBA BaxXTOBUM
MMOMIYHMKOM KamiTaHa B 10 pa3iB; miaBHIIMTH €(pEKTUBHICTH HECEHHS HaBIiraIiiHOi
BaXTH B YaCTHHI CKOPOYCHHS 4acy Ha BUKOHAHHS 3aBJIaHHS 3 BH3HAYCHHS OE3MMEUHUX

ribuH Ha ¢dapsarepi Ha 30 %; MIABUIIUTH HMOBIPHICTH Oe3neyHoro miaBaHHs 10 0,97.

VY aucepraiiiiHiii podOTI OTpUMaHi pe3ybTaTH, 1110 MICTATh HAYKOBY HOBU3HY:
~  BIIEpIIE 3ampoONOHOBAaHA MOJEIb ONTHUMI3alii CTPYKTYpH  BiIOOpakKeHHS
(daxtnunux rmouH Ha SENC, sika BiApPI3HAETHCS BiJ BIAOMHUX paHIIIE 1HTErpPAIli€r0
nporeayp (METO/IB) CUCTEMHOIO Ta CUTYaIlIMHOTO aHali3y, B PI3HUX HaJA3BHUYANHUX
YMOBaX PIYKOBOTO CYTHOBOJIHHS;
~  BIepUIE OTpUMaHa MaTeMaTU4YHa MOJElIb AaBTOMATU30BAHOTO BU3HAYEHHS

audepeHiaJbHIX TONpaBoK A0 riauluH, ski mo3HaueHi Ha SENC, sika nosBossie, Ha
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BIIMIHY BiJl ICHYyIOUMX, 3a0e3neunTu BinoOpakeHHsa (paktuyaux rimouH Ha SENC ms
pPO3B'SI3aHHA OMNEPATUBHUX 3a4ady HaBiramii 3TiAHO 3 TOYHICHUMU KpPUTEPISIMU
CYJTHOIJIaBCTBA;

—  YIOCKOHAJIeHO MeToJ 3a0e3neyeHHs (PYHKIIIOHAJIBHOI CTIHKOCTI CHCTEMHU
aBTOMATHYHOTO BiI0OpakeHHS hakTuuHux riinOuH Ha SENC, 1m0 103BoJis€, Ha BIAMIHY
BiJl ICHYIOUMX, 3a0€3MEYUTH CBOEYACHE BUSBIICHHS MEPEKEBUX aHOMAIHN y CUCTEMI;

—  HaOyJo MOAANBIIOrO PO3BUTKY METO]I 3aCTOCYBAHHS HEHPOHHHX MEPEX ILITXOM
PO3B'sI3aHHS MpoleAypU Kiacu@ikaiii BXITHUX CHUTHAJIB 1 OOYMCIICHHS 3BOPOTHOTO
MOIIUPEHHS TTOMUWJIKH, 1110 J03BOJISIE, HA BIAMIHY B1J ICHYFOUUX, MIJBUIIUTH TOYHICTh
BU3HA4YeHHS (akTHUHUX TMOuH HAa SENC.

[IpakTuuHe 3HaYeHHS POOOTH BU3HAYAETHCS TUM, IO ii OCHOBHI pe3yJbTaTH
MOXYTh OyTH BHKOPHUCTaHI PO3POOHMKAMHU HaBITalliHUX 1H(OPMAIIHHUX CHUCTEM,
MPU3HAYEHUX IS JIOKAJIbHO-HE3aJIeKHOTO YIPABIIHHS MPOLIECOM CYAHOIJIaBCTBA Ha
BBIII VYkpainu. Marepianu aucepTaliiiHOTO JTOCHIPKEHHS BUKOPUCTOBYIOTHCS B
HapuasibHOMY Tmiponieci KIBT JYIT npu Bukinamanni auctuiuiind  «Hasiraiiiini
iHdopmariiini  komm'rotepni  cucremu 3 EK» (akt Bim 05.02.2019). Marepianu
JUCEPTALIIHOTO JOCIIIKEHHS TAKO)XK BUKOPUCTOBYIOTHCSI B TPEHAXKEPHIN MIATOTOBII B
KuiBcbkomy LleHTpi mMiATOTOBKH, MEPEMiATOTOBKM Ta TiJABHUINCHHS KBajidikamii
(daxiBiiB BOJHOTO TPAHCHOPTY 3a HampsMamMu «BHKOpHUCTaHHS EJIEKTPOHHUX
kaprorpadiunux Ta HaBirauiiHo-iHpopmaiiiinux cucrem (EKHIC)» 1 «Bukopucranus
CJIEKTPOHHUX KapTorpadiyHUX Ta HaBiramiitHo-iHGopMaiiitHux cuctem Ha BBIL» (akt
Bix 26.12.2018), B LlenTpi miaAroToBKM (haxiBIiiB MOPCHKOTO Ta PIYKOBOI'O TPAHCHIOPTY
"YkpBoauuiix —  Training” 3a  HampsMoM — «BukopucTaHHS ~— €JEKTpOHHMX
KaprorpadiuHux Ta HaBiramiiiHo-iHpopMariianx cuctem Ha BBII» (akT Bin
14.03.2019). IlpakTuuHi pe3yibTaTH TUCEPTAIIMHOTO TOCIKCHHS BIPOBAKCHI: B
cynHoriaBHIA komrmaHii «[liBIeHHE pidyKOBE MapoIUIaBCTBO» (AKT BIIPOBAKCHHS Bij
12.09.2018), B PiukoBiii iHdopMariitHiii coyx01 ¢imi  «/leapTa-nonman» (axT
BrpoBapkeHHs Big 07.03.2019), B Y «epxrigporpadis» (akT BIPOBAIKEHHS BIJ
26.02.2019), na 6opty cynen «Vectis Isle» (akT BpoBamkenns Big 15.11.2018) i cyana

«Wilson Gaeta» (axt BnpoBamkenns Big 10.07.2019).
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ABSTRACT
Aleynikov V. M. Raising of efficiency of waterborne transport operation by
using a detailed array of depths in electronic mapping systems for rivers. — Qualifying
scientific work as a manuscript. Thesis for Ph.D. in the specialty 271 — Inland water and

sea transport. — The State University of Infrastructure and Technology, Kyiv, 2020.
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The dissertation is devoted to the automation of the river electronic cartographic
system for displaying the actual depths on the system electronic chart by developing
new methods that allow to automate the choice of a safe path with observance of the
safety requirements of the manoeuvring vessel.

The most important problem of modern efficient operation of waterborne
transport is the safety of navigation. According to obtained data on the dynamics of
waterborne transport accident rate in recent years, it can be argued that the accident rate
remains at the same level, and the largest percentage falls on accidents in limited
manoeuvring space (rivers, port areas, coastal navigation). As the main distinctive
features of inland water ways (IWW) as compared with sea waterways it should be
necessary to highlight the instability of the depths of river channels and water flow
characteristics. This, of course, requires the implementation of computational
intelligence for automation of applying actual depths on electronic maps, in order to
improve the efficiency of waterborne craft (WBC) operation.

According to literature data, it shall be noted that the publications associated with
the problems of automated updating of displayed array of depths in the SENC when
using Inland ECDIS are very limited, and some aspects are explored not completely,
superficially and casually. According to literature data analysis, it was found that the
central direction of the solution of this problem was the improvement and development
of efficient methods of operation of waterborne transport with the help of additional
methods of implementation of computational intelligence when using a detailed array of
depths in Inland ECDIS, as well as the choice of a safe way in compliance with the
requirements of safety of manoeuvring vessel's movement, and environmental
protection.

The main direction of thesis research devoted to the development of method of
automation of functional subsystems with an increased level of traffic safety on
forecast-planned routes of electronic cartographic intellectualization in various
emergency conditions was substantiated. The development of methods for simulating
such functional system contributes to more efficient navigation under the conditions of

inland water e-navigation, prevention of taking the ground, and ensuring safe passage
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under bridges, power lines in confined spaces, including the implementation of
additional tasks.

The object of study is the processes of operation of water transport on the Dnieper
River, and the subject of the study are methods that determine the structure and
processing of data in electronic-cartographic means of river navigation.

The methodological structure of the thesis is considered, and its methodological
support is given. The choice of the research issue, and its main directions were
determined. The purpose of the thesis research and its main task represented by
independent composite tasks were stated. Working hypothesis of scientific research was
formulated and confirmed, and it was shown that when solving independent composite
tasks, corresponding scientific results of the thesis were obtained. Research results
having scientific novelty were presented, and have been further developed. Practical
value of the research for ensuring the safe navigation of waterborne craft was
substantiated. Intricate problem-solving techniques and mathematical apparatus were
applied. The methods describe the main stages of scientific research and include
theoretical developments by using modern methods of expert analysis. The efficiency of
the network of automated correction transmission to the depths included in SENC was
evaluated by performing a priori estimation and computer generated simulation in order
to determine the expected efficiency and feasibility of the proposed technology before
the operation stage. Mathematical modeling techniques were applied for a priori
estimation.

The main part of the thesis presents the characteristics of the current state of
navigation technology, which is characterized by a significant number of means of
electronic cartographic intellectualization of new generation used on river craft,
characterized by improved technical and operational characteristics. The procedure for
displaying the actual depths was separated from the navigation process. The ways of
acquisition of reliable navigation information for the effective use of electronic
cartographic means during the navigation watch were determined. Internal and external
links while operating Inland ECDIS were formalized as a single structural model.

System analysis was applied to the detailed array of depths. A set of alternatives was
13



generated in the system analysis of the problem by using the scenario method and the
black box model. Due to the large number of alternatives, their preliminary and
prospective classification was carried out. The possibility of using computational
intelligence in detecting defects in the basic version of Inland ECDIS software based on
"fuzzy" logic was proved. Formalized problems the solution of which is necessary for
maximizing test coverings at automated testing of Inland ECDIS were defined. The
main stages were shown, and the algorithm was developed for implementing systems
for automatic display of actual depths functional stability including interaction of
coastal infrastructure element system and vessel navigation equipment with the use of
mathematical model in the form of undirected graph.

The main stages of system optimization of structure, and strategy for using the
detailed array of the most specific depths were determined. The peculiarities of the
presented methodology are overcoming the multi-criteria optimization problems,
determining their volume and quality, increasing the share of formal techniques that are
inevitable when using the principles of comprehensive approach. In order to control
uncertainties of safe navigation areas due to environmental factors, geometric
simulation of functional nonlinear navigation problems was carried out. Mapping of real
situational dynamics of the use of a detailed depth bank when moving the vessel in n-
dimensional space was described as differential-integral equations with the definition of
mathematical devices for their solution.

Intelligent processing of data flow obtained from water stage gauges, according to
character-expressed Laplace transforms, when moving the wvessel. A complete
mathematical expression was obtained for automated receipt of differential corrections
for measured depths indicated in SENC. A script of data flow pinning in Inland ECDIS
from water stage gauges, and automated entering of corrections for measured depths
with the use of the best options for determining the movable object coordinates in the
area of functional feasibility. When using various aspects based on a certain set of
problem areas, the criteria of intelligent processing of navigation data flows obtained

from water stage gauges were applied.
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Hybrid fuzzy neural networks with activation function in neural networks were
used for solving intricate problems. Thus, we managed to solve the procedure for input
signal classification, increase or decrease in the values of differential corrections for
depths, recognition of processing navigation information. Classification problem
solving was to divide the signals into dynamic classes, and then select the coordinates of
prototypes. Euclidean distance was chosen as proximity measure for two vectors.
Kohonen network was used for classification as a self-organized map which is trained
using unsupervised learning. When training applied neural networks, the
backpropagation method was used. Calculation of output vector was reduced to matrix
multiplication. One of the most important stages of improving the accuracy of data
obtained by Inland ECDIS is the development of intelligent expert precedent-based
neural network. This allows to form a knowledge base of expert system according to
training results, by the rules presented in the form of fuzzy conclusions. Thus, the
problem of choosing a flexible fuzzy-neural knowledge representation model was
solved.

Structural and differential character transforms of external environment objects
through the actual depth display system on electronic maps were proposed. The problem
of placing water stage gauges with mathematical calculation of the limits of their action
was solved.

The program of experimental studies and the ways of a priori estimation of the
proposed technology were determined. The study program is based on the proposed
methods of effective processing of navigation data flow under the conditions of inland
water e-navigation. Performance indicators and formulas were selected. According to
the analysis of navigation and hydrographic information and cartographic support of
navigation on the Dnieper river, modular principle of formation of standard sites was
developed, with the selection of corresponding Inland ENC display zones as modules.
The method of experimental studies in the form of 9 tests was determined.

Obtained results of experimental studies confirm the effectiveness of the
proposed methods of efficient waterborne transport operation. Thus, the proposed

methods contribute to improving accuracy of navigation parameters (corrections for
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depths) by 10 %,; reducing the time for decision making on ensuring the safety of
navigation by the captain's shift assistant by 10 times; improving efficiency of
navigation watch keeping in terms of the reduction of time for the performance of the
task of determining the safe navigable depths by 30 %; increasing the probability of safe

navigation to 0.97.

The following results containing scientific novelty were received in the thesis:

—  for the first time, a model for optimizing the structure of actual depth on the
SENC, which differs from the previously known integration (methods) of systematic

and situational analysis procedures in different emergency river navigation;

—  for the first time, a mathematical model has been obtained for the automated
determination of differential corrections to depths indicated on the SENC, which allows,
unlike the existing ones, to provide a reflection of the actual depths on the SENC for

solving operational navigation problems in accordance with accurate navigation criteria

— advanced method of provision functional stability of the system of automatic
display of actual depths on the SENC, which allows, unlike the existing ones, to ensure

timely detection of network anomalies in the system;

—  the method of using neural networks has been further developed by solving the
procedure of classifying the input signals and calculating the back propagation of the
error, which allows, unlike the existing ones, to increase the accuracy of determining the
actual depths on the SENC.

Practical importance of the thesis shall be determined by the fact that its main
results can be used by developers of navigation information systems designed for local
independent management of IWW navigation in Ukraine.

The materials of thesis research are used in the educational process of KIWT
SUIT in teaching the discipline "Navigation computer-based systems with EC" (the act
as of 05.02.2019). The materials of thesis research are also used in simulator training in
the Kyiv centre for training, retraining and advanced training of specialists of

waterborne transport in following fields: "Use of Electronic Chart Display and
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Information System (ECDIS)" and "Use of Electronic Chart Display and Information
Systems in IWW" (the act as of 26.12.2018), in the Centre for training of specialists of
sea and river transport "Ukrvodshliakh — Training" in the field "Use of Electronic Chart
Display and Information Systems in IWW" (the act as of 14.03.2019). Application
results of thesis research are introduced in the following institutions: shipping company
"South river shipping company" (certificate of implementation as of 12.09.2018), River
information service of the branch "DELTA-PILOT" (the implementation act as of
07.03.2019), the state directorate "State hydrographic service of Ukraine™ (certificate of
implementation as of 26.02.2019), aboard the ships "Vectis Isle” (the implementation
act as of 15.11.2018) and “Wilson Gaeta” (the implementation act as of 10.07.2019).

Keywords: waterborne transport, safety of navigation, Inland ECDIS, actual

depths, water stage gauge, neural network, expert system, a priori estimation.
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