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BCTYII

VYkpaiHa — MOpcbka JepkaBa, sika Mae HalOUIblly cepen JepxaB A30BO-
YopHOMOpChKOTO 6aceiHy TOBKUHY MOPCHKOTO Y30EPExkIKsl.

[lepeTBOpeHHs YKpaiHu Ha MOTY>KHY MOPCBKY 1 pIUYKOBY JIepKaBy, po30y10Ba
BiliCbKOBO-MOPCBHKOT'O MOTEHI[Ialy, JOCTATHBOIO JIsi CTPUMYBAHHS MOTEHIIIHUX
arpecopiB 3 MOPCHKHX Ta PIYKOBUX HAIIPSIMKIB, BITHOBJIEHHS i pO3BUTOK MOPCHKOTO
1 PIYKOBOr0 MOTEHIlally YKpaiHM € OJHUM 13 MPIOPUTETIB MOPCHKOI Oe3MeKu
VYkpainu ik HEBIJ'€MHOT CKJIa/1I0BOi 3a0€3MeUeHHsI HAalllOHAJIbHO1 Oe3neKkn Y KpaiHu.

Cepen uuteid YkpaiHu y cropaBi 3a0e3ledeHHsT MOPCHKOi Oe3meKku -
HiIBUIIECHHS CIPOMOXHOCT1 CKJIaJIOBUX CEKTOpY Oe3neku 1 000poHM YKpaiHw,
30kpeMa BilicbkkoBo-Mopcebkux Cuit 36poiinnx Cun Ykpainu Ta Mopcbkoi 0XOpoHU
Jlep>kaBHOI MPUKOPIOHHOT CiIy)k0u YKpaiHu s eQeKTUBHOI MPOTUIIi arpecii Ta
aJIeKBaTHOTO pearyBaHHs Ha 1HII 3arpo3u MOPCHKiii Oe3mneni Ykpainu, iX yCyHeHHs
a00 MiHIMI3allii.

Crpareriero MOpChKOi Oe31ekn YKpaiHi BU3HAUYCHO TaKi BaXKJIMB1 3aBIaHHS

- noOyoBa 30anancoBaHux BilickkoBo-Mopcekux Cuil 3 yciMa pojiaMH BIHCHK
(cun), siki OyIyTh CIPOMOXKHI 3a0€3MeYUTH TapaHTOBaHE BUKOHAHHS 3aBAaHb, 5K
i 9ac BIZOUTTS 30pOHHOI arpecii 3 MOPCHKOTO HANpPSMKY, Tak 1 B MUPHUH Yac;

- HapoIllyBaHHS CIPOMOXHOCTEH CHJI Oe3Nneku 1 Cuil OOOPOHM MUISTXOM
OCHAILIEHHS MOPCHKUMHU O€3eKIMaKHUMH arapaTtaMu (CUCTeMaMH, KOMITJIEKCAMH )
pI3HUX KJaciB Ta MOPCHKMMH  OE3MUIOTHHUMHU  JITaJIbHUMH  amapaTaMu
(KoMILIEKCaMu ) PI3HOTO MPU3HAYEHHS,

- IHHOBAIIMHUI PO3BUTOK HAYKOBOTO 1 BUPOOHUUYOTO MOTEHIIIATy 00OPOHHO-
IIPOMUCIIOBOTO KOMIUIEKCY YKpaiHu nisi 3a0e3nedeHHs MoTped MOpCHKOro Ta
pIYKOBOrO ceKTopis?.

BiiicekoBo-Mopceki Cunu 36poiitnux Cun Ykpainu — 1e Bug 30poitHux Cui
VYKkpaiHu, SKWi BIANOBIIHO J0 YMHHOTO 3aKOHOJABCTBA BUKOHYE TOKJIAJEHI Ha
HBOTO 3aBJIaHHS 1010 O0OPOHU YKpaiHH, 3aXUCTY il CyBEpEHITETY, TEPUTOPIaTHHOT
LITICHOCTI Ta HEJOTOPKAHHOCTI. 2

Jlo ocHoBHEX ckinaoBux BiickkoBo-Mopcrkux Cuit (BMC) BxonsaTh: 601i0Bi
Kopaluti, MiBOIHI YOBHU, aBIaHOCI(I, MIHHO-TpaJibHI KOpaO:i, 0€3MiIOTHI MOPCHKI
CUCTeMU Ta Oeperosa apTuiepis.

boiiosi kopabni — GararominboBi Kopabii, pakeTHI KaTepu, apTHIEPIHCHKI,
JIECaHTHI KopabJi, 10 37aTHI CAMOCTIHHO Ta Y B3a€MOIIi 3 IHIIUMHU POIAMH CHIT

! Crpareris Mopchkoi Gesnekn Ykpainu. 3atBepmkeno Ykasom Ilpesumenta Vipainu Bin 17 mumms 2024 poky
Ne468/2024. URL : https://zakon.rada.gov.ua/laws/show/468/2024#n5
2 Tlonokenns po kopabenbHy cinyx0y y BilicbkoBo-Mopchkux Cunax 36poiinux Cun Ykpainu. 3aTBEpIKEHO

Haxazom Minictpa oboporn Ykpainm 25.11.2003 N 415. 3apeectpoBano B MiHictepcTsi roctrnii Ykpainu 17 rpynHs
2003 p.3a N 1170/8491. URL : https://zakon.rada.gov.ua/laws/show/z1170-03#Text



¢G0Ty BUKOHYBAaTHU Pi3HI 3aBIaHHA. BOHM MOXyThb OyTH 030pO€HI PAKETHOIO,
apTUJIEPINCHKOI0, TOPIETHOIO 30PO€EI0 Ta 32c00aMH MPOTUIOBITPSIHOI 0OOPOHH.

1liosooni woenu — aTOMHI Ta JHM3ENb-CJIEKTPUYHI IIBOAHI YOBHH, SKI
BUKOHYIOTh PI3HOMAaHITHI 3aBAaHHS, BKJIIOYAIOYM MPOTUYOBHOBY OOpPOTHOY.
OcHamleHi cy4acHUM O30pO€HHSM, SIKI 3/[aTHI HAHOCUTU yHAapu pakeTaMH 110
OeperoBux 00’€KTax MPOTUBHHUKA, 3HUIIYBAaTh Horo 0OOBI HAJABOIHI Kopaldii Ta
MIJIBOJHI YOBHU, a TAKOXK TPAHCTIOPT 13 BIICHKaMU 1 BAHTAXKEM.

Agianocyi — BeNUK1 BINCHKOB1 KOpaoJIi, sIKi CIYTYIOTh MOOUIBHOIO aBiaba3oro,
NPU3HAYCHOIO0 ISl TIEPEBE3CHHsI Ta 3alyCKy JITalbHUX amapariB. BoHn MaioTh
3JIITHO-TIOCA/IKOBY NaiyOy, aHrapu A 30epiraHHs JIITaKiB Ta JOMOMIXKHI 3ac00U
s iX OOCIYroByBaHHS, 3alpaBKU Ta YIPaBIiHHSA IOJbOTaMH. ABiaHOCII €
KJTIOYOBHMHM €JIEMEHTAMHM YIApPHHUX TPYM 1 JTI03BOJISIOTH BIHCHKOBO-MOPCHKUM CHJIAM
IIBU/IKO KOHLIEHTPYBAaTH 3HAuH1 CUJIM B OyAb-sKil TOULIl CBITY.

Minno-mpanvhi Kopabni — BIACBKOBI KOpaOIl CIeiaJibHOTO MPU3HAYEHHS,
TOJIOBHHM 3aBJIaHHSM SIKHX € TIOIIYK, BUSBJICHHS Ta 3HUIINECHHS MOPCHKMX MiH, a
TakoX 3a0e3rmedyeHHs] Oe3Mekn CyIHOIUIaBcTBa. Jlo HUX Halekarh TPaJbIIUKH Ta
MUCIUBII 32 MiHaMH. TpabIIMKUA MPOXOJATh MIHHI MOJIs, 3HMINYIHOUHM MIHHM 3a
JIOTIOMOTOI0 CHEIladbHUX MPUCTPOIB — TpajiB. MUCIMUBII 32 MiHAMHU BUSIBIISIIOTH 1
3HEUIKO/KYIOTh TIOOJAMHOKI MIHH, BHUKOPUCTOBYIOUM COHapu Ta JUCTAHIIAHO
KEpOBaHi anaparu.

beszninomni mopcoxi cucmemu — KepoBaHi JUCTAHIIMHO arapatu, sKi 10T
Ha Mopi 0e3 ekimaxky Ha OOpTy, BKIIOYAIOYM HAJABOJHI Ta MiABOAHI ApoHU. BoHu
BUKOPUCTOBYIOTHCS ISl PO3BIIKHM, IITYPMOBHUX OIepalliid, MiHyBaHHS Ta IHIIUX
3aBlaHb 3aBISKH CBOIM Oararo(yHKI[IOHAJBHOCTI Ta 37aTHOCTI JOJAaTH BEJHKI
BIJICTaHI.

bepecosa  apmunepin — pi3HOBUI  MOPCBHKOi  apTmiiepii  (HapiBHI
3 KOpaOeIhbHOIO apTHIIEPIE0), TPU3HAYCHUM JJISI 3aXUCTY BIICHKOBO-MOPCHKUX 0a3,
TOPTOBEJIFHUX MOPTiB, TPOMUCIIOBHUX 1 IMIHICTPAaTUBHUX IICHTPIB, PO3TAIIOBAHUX
B IIpHOEpPEe)KHOMY paiOH1, HAWBAKIUBIMINX TUISTHOK y30€peioKs Ta OCTPOBIB Bij
Hamajay MpOTHMBHHKA 3 Mopsi. KpiM Toro, Ha OeperoBy apTUIIEPil0 MOKIAAE€THCS
3aBIaHHS OOOPOHM TPOTOK 1 BY3WH, MO0 HE JOMYCTUTH MPOXiJ HUMU KOpaOiiB
MPOTUBHUKA, a TAKOXK 3aXUCT OOOPOHHUX MIHHUX 3arOpOiKeHb, MPUOCPEKHUX

KOMYHIKalli}i 1 3aBJaHHs 3 NPOTHIECAHTHOI 000poHH 3.

JlocnmipkeHHsT HAyKOMETPUYHOT AaKTHBHOCTI IOJO HANpPsIMIB PO3BHUTKY
BiiicekoBo-Mopcekux Cuit y CBITI IPOBEIEHO CTaHOM Ha BepeceHb 2025 p. Ha
miatgopmi 6a3u nanux Web of Science (WoS) i3 Bukopuctanusm b/l WoS Core
Collection 3a Temarukoro «BiiicbkkoBo-Mopchki  Cumm» s ImyOsiKarlin,

% TakTnka BiiCBKOBO-MOPCBHKHMX CHJI. ABTOPCHKHII KOJEKTHB: KEPIBHHK KONEKTUBY — KaHIHMJIAT BifiCBKOMX HAyK,
XaputonoB O.JI. / HapuampHmii mociOHuk // IHcTuTyT BiMichKOBO-MOpchkMX cmi. Opeca, 2017. URL
https://ivms.mil.gov.ua/wp-
content/uploads/2020/10/%D0%9F%D0%BE%D1%81%D1%96%D0%B1%D0%BD%D0%B8%D0%BA-
%D0%A2%D0%90%D0%9A%D0%A2%D0%98%D0%9A%D0%90-%D0%92%D0%9C%D0%A1-2017.pdf
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iHpopMaIlis SKMX HE CTAHOBUTH JIEPKABHY TAEMHUI[I0. AHANI3 HAasABHOI iHPOpMaLii
BUKOHAaHMM 1010 CcKIaaoBUX BiiicbkoBo-Mopcekux Cuil Ha OCHOBI TaKHX
KpUTEPIIB MOLIYKY: PO3IIMPEHUI MOUIYK; yC1 MOBH; YCI TUIIM TOKYMEHTIB; 3 2019
o 2024 pik.

Mera JOCHIIDKEHHST — BU3HAYUTH TNEPCIEKTUBHI HANpsIMU PO3BUTKY
HAayKOBOTO JIOCHIJDKEHHs 3a TemaTukoio «BilicbkoBo-Mopceki Cunm» Ta i
CKJIAJOBUMH JJIi MOXJIMBOIO BpaxyBaHHS OTpPUMaHUX peE3yIbTaTiB MpH
po3po0JIeHH] Ta MPUUHSTTI BIAMOBIIHUX PIIIEHb MI0JI0 HAYKOBUX 1 TEXHOJOTTYHHUX
HaAmpsIMIB ~ JIOCHIPKEHb, TEXHIYHOTO  IEPEOCHAICHHs, MOJEpHI3almii Ta
pedopMyBaHHS 000POHHO-TIPOMHUCIOBOI'O KOMILIEKCY YKpaiHH.

1. HaykomeTpr4yHa aKTUBHICTB 32 cKIaA0BUMH BilicbkoBo-Mopcbkux Cui
Ta rajy3siMu J0CJIiIKeHb

3aranbHa KUTBKICTh myOsmikariit 3a 2019-2024 pp. 3a BKa3aHOO TEMATUKOIO Y
cBiTl cta”HoBmiIa 5505 oguuuIb.

VY 2024 p. kinvkicmo nyonixayiu cxnana 1094 onunwui, mo y 1,4 pa3y Ouiblie
poro >k mokasHuka 3a 2019 p. I[lyOnikariiiHa akTUBHICTH y CBITI 3a BKa3aHOIO
TeMatukoro y mepion 2019-2024 pp. mopiuHo 3pocrana B Mexax 806-1094
OJIMHULIB.

Kinvxicmo yumyeanv nybaikayiti 3a BU3HaUYCHUM Tepioj] cTaHoBUa 46424
0J1., mopiyHO 3pocTarouu 3 496 y 2019 p. o 17307 y 2024 p., ToO6TO 30UTBIIHIACS
Maibxe y 34,9 pasy.

YacTtka myOutikamii Bifg BUOIPKU 6 po3pisi cK1a0o6ux BIACBKOBO-MOPCHKUX
CHWJI CKJIaJa:

- «botioBi kopabmi» — 10,4% (Bim 3aragbHOi KUIBKOCTI BIiZIOpaHUX
myOJTiKaIin);

- «IligBoaH1 YoBHUY» — 3,9%;

- «ABianocti» — 3,1%;

- «MinHO-TpanbH1 Kopadmi» — 7,2%;

- «besmimoTHi MOpchKi cucteMu» — 73,8%;

- «beperosa aptunepis» — 1,6%.

3a pesynapTaTamMu AochimpkeHHs mpotarom 2019-2024 pp. 3a BkazaHOIO
TEMATHUKOIO OYJIO BUOKPEMIIEHO / 2any3etl 00CHIONHCEHD:.

- imkenepis — 30,5% (Bixn 3aranbHOT KUTBKOCTI BiliIOpaHuX MyOTiKarlii);

- okeaHorpadis — 23,5%;

- iHpopmaTuka — 16,7%);

- CHCTeMa aBTOMATH30BaHOTO yIpaBiiHHsI — 14,2%);

- TesniekoMyHikartii — 7,1%.

- iHCTpyMeHTH — 5,1%;

- MaTepiaio3HaBcTBO — 2,9%.



Haiipumti igekcu nuryBanHs y 2019-2024 pp. BigMmiueHl 3a TaKUMHU
rajy3aMu gociipkeHHs: «luxenepisa» — 4503,7%, «Okeanorpadis» — 4451,9% ta
«CucTeMu aBTOMaTU30BaHOTO ynpaBiiHHI» — 4423,6% (puc. 1).

Imxenepis 4503.7
Oncavorpati [T .
Cucreva asowarmonasoro yrpasaies (RN - 5

IHCTpYyMEHTH 3605.7

Indopmaruka 3083.9

TenekomyHikarii 2312.3

Marepiao3HaBCTBO 2303.8

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Puc. 1 Ingexkcu uMTyBaHHSA y CBITi 32 rajqy3siMu H0CJIIIKEHHSI TEMATUKH
«BilicbkoBo-Mopcebki Cunn», 2019-2024 pp., %

Jlxeperno: po3pobiieHo aBTopaMu Ha ocHOBI Hanux 6a3u Web of Science

1.1 HaykoMeTpHYHA aKTHBHICTH 32 CKJIa10B0I0 BilicbkoBo-Mopcbknx Cui
«boiioBi kKopab.i»
VY Tabn. 1 HaBeneHa HayKOMETpHUYHA aKTUBHICTH 3a CKJIaJ0BOI0 BiiichkoBO-
Mopcekux Cun «botiogi kopabaiy B po3pi3i Tary3en JOCTiTKEHHS.

Taoauus 1 - TengeHuil HAyKOMeTPUYHOI AKTHBHOCTI Y CBIiTi 32 CKJIaJ10BOIO
BiiicbkoBo-Mopcbknx Cui «boioBi kopa0Jii» B po3pisi raaysei 10CTixKeHHs,
2019-2024 pp.

Yactka
Kpainu Ingexc Ingexc nmyoJaikamiii Bin
Tamysi 3 HalOiabmo| Opraxizanii 3 Hali0inbmoK | MyOsaikaniil | TUTYBaHHS 3arajabHoI
JOCTiIUKeHHs | KUIBKiCTIO KUIBKICTIO MyOutiKaii (2024/2019 | (2024/2019 KiJILKOCTI
nyoikamii pp.), % PpP.), % |myGaikauii ramxysi

JOCTaiKeHHs, Yo

UNITED STATES NAVY
Kurait (C1IA), WUHAN NAVAL
CH_IA’ UNIVERSITY OF
PCCHyﬁﬂ’iKa ENGINEERING (Kwurait), 137,5 8900,0 68,7
Kopes KOREA MARITIME OCEAN
UNIVERSITY (Pecmy6uika
Kopest)

Inorcenepisn




COPERNICUS UNIVERSITY
(ITomp1a)

YacrTka
Kpainn Ingexc Innexc nmyOaikanii Big
Tanysi 3 Hail0inbmow| Opranizanii 3 HalOLIbIIOW | MyOJaikanii | IITYBAHHSA 3arajbHol
JDOCTiGKeHHSI | KiJIBKiCTIO KIJBKicTIO myOJTikami (2024/2019 | (2024/2019 KIJIBKOCTI
nmyoJikanii pp.), % pp.), %o |myOmikamii ramysi
JocaimkenHs, %
WUHAN UNIVERSITY OF
Kuraii, TECHNOLOGY (Kuraii),
. CUIA, UNITED STATES NAVY
Oxeanoepaghisi Pecny6nixa | (CLIA), KOREA MARITIME 220,0 8800,0 8,2
Kopes OCEAN UNIVERSITY
(Pecmryoimika Kopest)
NORTHWESTERN
POLYTECHNICAL
Kuraii UNIVERSITY (Kurait),
Pecny6ni71<a WUHAN NAVAL
Ingpopmamuxa Kopes UNIVERSITY OF 166,7 7100,0 8,2
Cﬁ’l "\ | ENGINEERING (Kuraii),
KOREA NATL DEF UNIV
(Pecryonixa Kopest), UNITED
STATES NAVY (CIIIA)
WUHAN NAVAL
UNIVERSITY OF
Comarmenin ENGINEERING (Kuraif),
P — Kurai, KOREA INSTITUTE OF
S08aH020 PeIc<ny6n11<a MACHINERY MATERIALS 4000 1300,0 5.1
; opes, KIMM (Pecny6ika Kopes),
SR CIIA PUSAN NATIONAL
UNIVERSITY (Pecmy6imixa
Kopes), UNITED STATES
NAVAL ACADEMY (CIIIA),
WUHAN NAVAL
Kuraii, UNIVERSITY OF
Tenexonvii- Pecnyonika | ENGINEERING (Kuraii),
od Kopes, ETRI ELECT TELECOMMUN 500,0 1700,0 2,8
Kayn Benuka RES INST (Pecniyomnika Kopest),
Bpuranis CRANFIELD UNIVERSITY
(Benuka bputanis)
JINAN UNIVERSITY (Kurait),
Kuraii UNIVERSITY OF
BeJmKé LIVERPOOL (Benuka
Incmpymenmu Bpuranis bpuranis), UNIVERSITY OF 400,0 2600,0 1,2
Eensris > WARWICK (Benuka
Bpuranis), GHENT
UNIVERSITY (benbris)
HARBIN ENGINEERING
UNIVERSITY (Kwuraii),
Mt Kuraii, CENTRE NATIONAL DE LA
SHAGCTIED ®panuis, RECHERCHE.SCIENTIFIQUE 550,0 1218,2 5,8
ITonbmra CNRS (®panmisn), NICOLAUS

Jlxepero: po3pobiieHo aBTOpaMu Ha ocHOBI manux Gazu Web of Science

HatiiGinpma gacTka KUTbKOCTI My OJTiKaIlii BiJT 3araabHOT KUTBKOCTI ITyOTiKarii
3a ckianoBor0 «boioBi KOpabii» HANEKUTH Tamy3l HOCHIKEHHS «[HXeHepis» —
68,7%, Halimenma — rtamy3i gochimkeHHs «lHCTpyMenTm» — 1,2%. V Tpiiiky
CBITOBHX KpaiH-TIZIEpiB 3a KUIbKICTIO myOsikamid Bxonaarh Kwurtail, PecmyOmika
Kopes, CILA.
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Haiipumuii 1Haexc myomikanid 2024/2019 pp. mae rainy3b AOCHIIKEHHS
«MartepianoznaBctBo» — 550,0%; HaiiBumuii iHAekc nutyBanus 2024/2019 pp. —
«Imxenepis» — 8900,0,%.

1.2 HaykoMeTpHMYHA aKTHBHICTH 32 CKJIa10BOI0 BilicbkoBo-Mopcbkux Cui
«IlinBoaHI YOBHU»

3a  ckimanoBoto  BiiickkoBo-Mopcebkux — Cun «[liosooui  uosHU»
HAayKOMETPHUYHA AaKTUBHICTh y pO3pI31 Tramy3edl OOCHIKEHHS TMpeicTaBieHa Y
Tabs1.2.

Tabauus 2 - TenaeHuii HayKoMeTPpUYHOI AKTUBHOCTI Y CBiTi 3a ckJi1ag0Bo10 BilicbkoBo-
Mopcbkux Cua «IlinBoaHi yoBHI» B po3pisi ramnysei gocaizxenns 3a 2019-2024 pp.

Yactra
Kpainu Inpexc Inpexc myoJiKkamii Bijg
Taaysi 3 Hali0iabmow| OpraHizanii 3 HaloOLIBIIO | MyOaikaniil | HUTYBaHHSA 3arajbHol
JOCJIIKeHHsI | KiJbKicTIO KUIBKICTIO MyOmikamii (2024/2019 | (2024/2019 KIJTBKOCTI
nyomikanii Pp-); %o pPp.), % |myOnixanii ramy3i
JAOCTiTKeHHsI, Y0
HARBIN ENGINEERING
UNIVERSITY (Kuraif),
WUHAN NAVAL
UNIVERSITY OF
Inorcenepis cuﬁfﬁ}l | o Tk 216,7 2000,0 56,7
NAVY(CIIIA), HINDUSTAN
INSTITUTE OF
TECHNOLOGY SCIENCE
(Iamis)
UNIVERSITETET I
STAVANGER (Hopgeris),
oy, | HARDIN ENGINEERING
. ; uTai),
Oxeanoepadis H(():PLI?_?XSI, SHANGHAI JIAO TONG 250,0 4600,0 10,1
UNIVERSITY (Kwurait),
OREGON STATE
UNIVERSITY (CIIA)
NATIONAL UNIVERSITY OF
DEFENSE TECHNOLOGY
Kuraii, CHINA (Kwuraif),
lupopuamusa | CUIA. RIS TERE o 350,0 1175,0 12,9
Tamsi (Kuraif), CORNELL
UNIVERSITY (CILA),
LEONARDO SPA (Itanis)
Cucmemu BEIJING HIWING SCI
asmomamu- Kwuraii, TECHNOL INFORMAT INST
308aH020 Himeuunna, | (Kurait), FRAUNHOFER IOSB 200,0 700,0 2,3
YNpAGIiHHSA ITamis (Himewumna), LEONARDO
SPA (Itaist)
GUANGZHOU UNIVERSITY
Tenexomyni- Kwuraii, (Kuraii), CENT UNIV
xayii | Tngis, Itanis | BILASPUR (Inzis), MBDA 600,0 850,0 7.4
ITALY (Itamis)
HARBIN INSTITUTE OF
Kurai, TECHNOLOGY (Kwurai),
Kanana, DEF RES DEV CANADA
Inicmpyyenmu Pociiiceka ATLANTIC (Kanana), 300,0 2100,0 3,2
Oenepaniss | YAROSLAV THE WISE
NOVGOROD STATE
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Yactra
Kpainn Inpekc Innexc myOJiKkanii Big
Tlanysi 3 Hail0inbmow| Opranizanii 3 HAHOLIBIIO | mMyOJikamiil | TUTYBAHHSA 3arajbHol
JOCTIIKEHHSI | KiJbKICTIO KIBbKICTIO My0JaiKkaii (2024/2019 | (2024/2019 KiJILKOCTI
nyomikanii pp.), % pp.), %o |myOuikanii ramsysi
JocaimkeHas, %
UNIVERSITY (Pociiiceka
Denepartis)
HARBIN INSTITUTE OF
Kuraii, TECHNOLOGY (Kwurait),
Mamepiano- Kanana, ROYAL MILITARY COLLEGE 500.0 4550.0 74
3HABCNBO Pecnyonika | CANADA (Kanama), SEJONG ’ ’ ’
Kopes UNIVERSITY (Pecmyomnika
Kopes)

Jlxepeno: po3pobiieHo aBTOpaMu Ha OCHOBI gaHux Web of Science

Haii6inb1a yacTka KUIbKOCT1 yOITiKaIii BiJ] 3arajibHOT KUTBKOCT1 MyOTiKaiin
3a cks1aioBoto «I1iABOIHI YOBHUY» HANICKUTh Tamy3i JOCHKEeHHS «[HXeHepisa» —
«CucteMn aBTOMaTU30BAHOTO
ynpaBiiHHa» — 2,3%. Y TpiliKy CBITOBUX KpaiH-iiepiB 3a KUIBKICTIO MMyOJiKallii
BxoaaTh Kurai, CILA, Iamis.

HaiiBunuii inaexce myomikariit 2024/2019 pp. mae rany3p « TenekoMyHIKaIii»
— 600,0%; naitBumuii iHAexkc uutryBaHHs 2024/2019 pp. — «Oxeanorpadis» —

56,7%,

4600,0%.

HaUMEHIIa

ramysi

JTOCHIHKEHHS

1.3 HaykoMeTpryHa aKTHUBHICTBH 32 CKJIa10BOI0 BilicbkoBo-Mopcbkux Cui
«ABiaHoCHI»

3a ckianoBoro BiiickkoBo-Mopcebkux Cunt «A4eianocyi» HayKOMETpUYHA
aKTUBHICTH Y PO3pI31 rajry3eu TOoCaipKeHHs TIpeIcTaBieHa y Ta0. 3.

Taoauusa 3 - TenaeHuii HAYKOMeTPUYHOI AKTUBHOCTI Y CBITI 32 cKJ1a10BOI0 BilicbK0BO-
Mopcbkux Cuu «ABiaHocui» B po3pi3i rasay3eii gocaiakenns, 2019-2024 pp.

Kopest

YacrTka
Kpainun Innexc Innexc nmyoJiKkamii Big
Tanysi 3 HaliOinbIo| Opranizanii 3 Hali0lIbIIOW | MyOikamii | TMTYBaHHS 3araJibHol
OCTiIKeHHA KiJBKiCcTIO KIIbKiCTIO myOumikaniii (2024/2019 | (2024/2019 KiJTBKOCTI
nyosikamii pPpP.), % pp.), % |myGaikanii raaysi
JocaiaKeHHs, %o
INDIAN INSTITUTE OF
TECHNOLOGY SYSTEM IIT
. Kwuraii, SYSTEM (Iamis), BEIHANG
Tnorcenepia | CpiA Tupis | UNIVERSITY (Kuraid), 137,5 1633.3 65,3
UNITED STATES NAVY
(CIIA)
UNIVERSIDAD
POLITECNICA DE MADRID
Tenamis (Icmmanis), RUTGERS
Oreanozpagin|  CIIA. RGN I(\EEL‘S/ N 1333 5333 7,6
T | NATIONAL UNIVERSITY OF
DEFENSE TECHNOLOGY
CHINA (Kwuraii)
Kuraii, BEIHANG UNIVERSITY
Tumis, (Kuraii), AP SHAH INST
e Pecy6rica TECNoL (Iunisn), SEOUL 600,0 2900,0 8,8




11

Yactra
Kpainn Inpekc Innexc myOJiKkanii Big
Tlanysi 3 Hail0inbmow| Opranizanii 3 HAHOLIBIIO | mMyOJikamiil | TUTYBAHHSA 3arajbHol
JOCTIIKEHHSI | KiJbKICTIO KIBbKICTIO my0/iiKkanin (2024/2019 | (2024/2019 KiJILKOCTI
nyomikanii pp.), % pp.), %o |myOuikanii ramsysi
JocaimkeHas, %
NATIONAL UNIVERSITY
SNU (Pecnyornika Kopest)
AP SHAH INST TECHNOL
Cucmemu (Tanis), BEIHANG
asmomamu- Kuraii, UNIVERSITY (Kwurait),
308aAH020 Ingis, CIIIA | UNIVERSITY OF 133,3 2700,0 5,9
VNPAGNIHHSA CALIFORNIA SYSTEM
(CHIA)
BEIHANG UNIVERSITY
(Kwurait), MOSCOW
Kuraii, AUTOMOBILE ROAD
Tenexomymi- Pociiickka | CONSTRUCTION STATE
Kayii ®enepanis, | TECHNICAL UNIVERSITY 400,0 1200,0 8,2
CIIA MADI (Pociiicbka ®enepartis),
UNIVERSITY OF NEW
ORLEANS (CIIIA)
JIANGSU UNIVERSITY OF
SCIENCE TECHNOLOGY
Incmpymenmu Igﬁla;:’ S%?\??}igll}%n(ﬁggﬁ), 100,0 500,0 1,8
RUTGERS UNIVERSITY
NEW BRUNSWICK (CIIIA)
BEIHANG UNIVERSITY
Kuraii, (Kurait), SMR EAST COAST
Mamepiano- Tnpis, COLL ENGN TECHNOL
3HABCME0 Pecniyonika | (Inmist), YONSEI 200,0 2800,0 2.4
Kopes UNIVERSITY (Pecmyomika
Kopest)

oxepeno: po3pobiieHo aBTopaMu Ha ocHOBI nanux Web of Science

HaiiGinpia yacTka KUTBKOCTI IyOJTiKaIlii BiJl 3arajJbHOT KITLKOCTI IyOTiKarii
3a CKJIaJIOBOIO «ABIaHOCII» HAJICKUTh Tary31 AociikeHHs «[HxeHepis» — 65,3%,
HaliMeHIIa — rany3i gocnimpkeHHs «lHctpymenTu» — 1,8 %. YV Tpiliky CBITOBHX
KpaiH-Ti7epiB 3a KUIbKICTIO yOsikamii Bxoaate Kurait, CIIA, [Hmis.

HatiBumnuii ingexe myomikamiit 2024/2019 pp. mae ranysp «lHdopmaTukay —
600,0%; naitBummii iHaexc utyBanas 2024/2019 pp. — takox «lHdopmarukay —
2900,0%.

1.4 HaykoMeTpUYHA aKTHUBHICTH 32 cKJ1a10BOI0 BilicbkoBo-Mopcbknx Cui
«MiHHO-TpaJBHI KOpadTi»

3a ckmanoBoro BiiicbkoBo-Mopcebkux Cun  «Minno-mpanvui  kopabuni»
HAayKOMETPHYHA aKTUBHICTb y pO3pi3i ramgy3edl JOCIIDKCHHS MpeJCcTaBlIeHa Y
Tab1.4.
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Tabauus 4 - TenaeHUil HAYKOMeTPUYHOI AKTUBHOCTI Y CBIiTi 32 cKkJ1ag0BOI0 BilichbKk0BO-
Mopcbknx Cui «MiHHO-TpaJIbHI Kopa0ai» B po3pisi ranysei pociaigxenns, 2019-2024 pp.

Yactka
Kpainn Inpekc Innexc myOiKkanii Big
Tlanysi 3 Hail0inbmorw| Opranizanii 3 HAHOLIBIIO | MyOJaikamiil | HUTYBAHHSA 3arajabHol
JOCJTIIKeHHsI | KiJbKicTIO KLIBKICTIO MyOmikanii (2024/2019 | (2024/2019 KITBKOCTI
nyosikamii Pp-); % PP-), %o  |myGaikamii ramy3i
JocaimkeHast, %
UNITED STATES NAVY
CIIIA (CHIA), ISTITUTO DI
Inorcenepisn ITaJ'IiSI’ INGEGNERIA DEL MARE 126,7 21444 75,9
KI/ITaI‘/'; INM CNR (Itanist), HARBIN ’ ’ ’
ENGINEERING UNIVERSITY
(Kurait)
ISTITUTO DI INGEGNERIA
CIIIA DEL MARE INM CNR
Oneanozpain| - Irasi, %ﬁﬁéﬁﬁ%ﬁﬁ%%gl AN | 2500 5900,0 6,0
T | MARITIME UNIVERSITY
(Kurait)
GEORGIA INSTITUTE OF
TECHNOLOGY (CIIA),
CIIIA CENTRE NATIONAL DE LA
Inghopmamuxa KHTaﬁ, gggg?ggiiliflgg;lgl(}QUE 250,0 2050,0 11,8
Ppatit | (NIVERSITY OF POSTS
TELECOMMUNICATIONS
(Kurait)
GEORGE WASHINGTON
Cucmenit UNIVERSITY (CILLA),
asmomamu- | CIIIA, Tpax AMERICAN UNIVERSITY OF
> 277 | IRAQ SULAIMANI (Ipak), 200,0 1100,0 1,0
306arH020 PymyHis DUNAREA DE JOS
YIPAGRIHA UNIVERSITY GALATI
(Pymymis)
CONSEJO SUPERIOR DE
INVESTIGACIONES
CIENTIFICAS CSIC (Icnanis),
e KnTafI, UNIVERSIDAD
. IcnaH'm, POLITECNICA DE MADRID 300,0 425,0 2,3
ITamis (Icmanis), BEITHANG
UNIVERSITY (Kwurait),
UNIVERSITY OF TRENTO
(Itamis)
MARINE DESIGN
RESEARCH INSTITUTE OF
CHINA MARIC (Kwurait),
Kuraii, JIANGSU UNIVERSITY OF
PymyHis, SCIENCE TECHNOLOGY
Inempymenmu | o Senixa | (Kuraif), DUNAREA DE JOS 100,0 900,0 1,0
Kopes UNIVERSITY GALATI
(Pymymnis), KYUNGPOOK
NATIONAL UNIVERSITY
KNU (Pecny6mika Kopest)
DALIAN INSTITUTE OF
Kuraii CHEN{ICAL PHYSICS CAS
- it ’ (Kwurait), INDIAN INSTITUTE
SHAGCTIED Pecn y6n’i1<a OF TECHNOLQGY 1T 150,0 6300,0 2,0
Kopes JODHPUR (Iazis), KYUNG
HEE UNIVERSITY
(Pecnybnika Kopes)

xepeno: po3pobieHo aBTopaMu Ha OCHOBI nannx Web of Science
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Haii61nb11a yacTka KUIbKOCT1 yOTiKaii BiJ] 3arajibHOT KUIBKOCTI IMyOiKawin

32  CKJIaJ0BOIO
«Imxenepist» —

«MiHHO-TpaJIbH1
75,9%,

KOpaOIi»
HaWlMeHIa —

HAJEXUTh Tranys3i
rajgy3siM JOCIIIKCHHS

JTOCTIKEHHS

«Cucremun

aBTOMAaTH30BaHOTrO yrpaBiiHHI» Ta «[HCTpymMeHTH» — 1o 1,0 %. VY Tpiliky CBITOBUX

KpaiH-JiepiB 3a KuibKicTio myOmikanii Bxoasate CIIA, Itanig, Kuraii.

Haiipumuii ingexc myomikaiit 2024/2019 pp. mae rany3p « TenekoMyHIKaiii»
—300,0%; naiiBumuit inaekc uutryBanHsa 2024/2019 pp. — «Marepiano3HaBCTBO» —

6300,0%.

1.5 HaykoMeTpr4yHa aKTHUBHICTB 32 CKJIa10BOI0 BiiicbkoBo-Mopcbkux Cuit
«be3nioTHI MOpCHKI cucTeMu»

3a cknanoBoro BiickkoBo-Mopcbkux Cun «be3niiomui MOpCoKi cucmemu»
HAayKOMETpUYHA AaKTUBHICTh Yy pPO3pi3l Taiy3eld JOCHIKEHHS MpeACTaBleHa Yy

TadI.5.

Taoauus S - TenaeHUil HAYKOMeTPUYHOI AKTHUBHOCTI Y CBITI 32 CKJIa10BOI0 BilicbK0BO-
Mopcbknx Cua «be3nizioTHi MopebKi cucTeMu» B po3pisi raayseii 10c/igKeHHs,

2019-2024 pp.

Yacrka
Kpainu Innexc Innexc nmyoJiKkamii Bijg
Tanysi 3 HaliOinbIo| Opranizanii 3 HallOLIbIIOW | MyOuiKkamii | TMTYBaHHS 3araJjibHOI
JOCTiI?KeHHA KiJIBKiCTIO KIIbKiCTIO myOuikamnii (2024/2019 | (2024/2019 KiIJIBLKOCTI
nyosTikamii pp.), % pp.), % |myGaikanii ramysi
JA0CTiTKeHHsl, Yo
HARBIN ENGINEERING
UNIVERSITY (Kwurait),
Kuraii, DALIAN MARITIME
. CILIA, UNIVERSITY (Kwurait),
Tuoncenepia | pecrvGrica | UNITED STATES NAVY 164,1 4627,5 44,2
Kopes (CHIA), KOREA MARITIME
OCEAN UNIVERSITY
(Pecnybnika Kopes)
HARBIN ENGINEERING
UNIVERSITY (Kwurait),
Kuraii, STATE UNIVERSITY
Oxeanozpagpin| S EES%&?CFLH N 218,2 4411,9 19,5
Bpuranis UNIVERSITY OF
SOUTHAMPTON (Benuka
bpuranis)
DALIAN MARITIME
UNIVERSITY (Kwurait),
HARBIN ENGINEERING
UNIVERSITY (Kurait),
Kuraii, MASSACHUSETTS
CIIA, INSTITUTE OF
Inpopyamural po 6 | TECHNOLOGY MIT (CLIIA), 162,0 3164,1 12,8
Kopes UNITED STATES NAVY
(CIIA), KOREA ADVANCED
INSTITUTE OF SCIENCE
TECHNOLOGY KAIST
(Pecnybnika Kopes)
Cucmemu DALIAN MARITIME
asmomamu- Kurai, UNIVERSITY (Kwurait),
308AH020 CHIA, Iugis | HARBIN ENGINEERING 166,7 44407 12,0
VNPABIIHHSA UNIVERSITY (Kwuraif),
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Yactra
Kpainn Inpekc Innexc myOJiKkanii Big
Tlanysi 3 Hail0inbmow| Opranizanii 3 HAHOLIBIIO | mMyOJikamiil | TUTYBAHHSA 3arajbHol
JOCTIIKEHHSI | KiJbKICTIO KIBbKICTIO my0/iiKkanin (2024/2019 | (2024/2019 KiJILKOCTI
nyomikanii pp.), % pp.), %o |myOuikanii ramsysi
JocaimkeHas, %
VIRGINIA POLYTECHNIC
INSTITUTE STATE
UNIVERSITY (CILIA),
INDIAN INSTITUTE OF
TECHNOLOGY SYSTEM IIT
SYSTEM (Innuis)
HARBIN ENGINEERING
Kuraii UNIVERSITY (Kwurait),
oo CII A’ TSIN(“}HUA UNIVERSITY
- Pecn y6n,il<a (Kwurait), UNIVERSITY OF 217,1 2483,1 5,5
Kopes HOUSTON SYSTEM (CLIA),
KYUNG HEE UNIVERSITY
(Pecniybnika Kopes)
HARBIN ENGINEERING
Kuraii UNIVERSITY (Kwurait),
WTAau,
CIIA PURDUE UNIVERSITY IN
Incmpymenmu Pecny6n’il<a INDIANAPOLIS (CIIA), 2242 3585,3 4,3
Kopest KOREA MARITIME OCEAN
UNIVERSITY (Pecnyoinika
Kopest)
DALIAN MARITIME
UNIVERSITY (Kuraii), BALL
STATE UNIVERSITY (CHIA),
Kuraii, KOREA INSTITUTE OF
Mamepiano- ClIIIA, OCEAN SCIENCE
3HABCMBO Pecniyonika | TECHNOLOGY KIOST 200,0 2361,5 1,7
Kopes (Pecmyoinika Kopes),
KOREA MARITIME OCEAN
UNIVERSITY (Pecmyomika
Kopest)

oxepeno: po3pobiieHo aBTopaMu Ha ocHOBI nanux Web of Science

HaiiGinpia yacTka KUTBKOCTI IyOJTiKaIlii BiJl 3arajJbHOT KUTLKOCTI IyOTiKariit
3a CKJIaJloBOI0 «be3miIoTHI MOPCBHKI CHUCTEMH» HAJCKHUTh Tajy3l JOCHITKCHHS
«Imxenepis» — 44,2%, HaiimeHIIa — raxy3i TociipkeHHs «MarepiaJo3HaBCTBO» —
1,7 %. Y TpiiiKky CBITOBUX KpaiH-JTiepiB 3a KUTBKICTIO yOmikaIii BxoasaTe Kutaid,
CIIA, Pecniy6umika Kopest.

Hatiumuii inaexc myomikariit 2024/2019 pp. mae ramy3p «[HCTpyMEHTH» —
224,2%; waBumui iHAekc nutyBaHHs 2024/2019 pp. — ramy3p «lHxeHEpis» —
4627,5%.

1.6 HaykomeTpu4HA aKTUBHICTH 32 CKJIa10B0I0 BilicbkoBo-Mopcbkux Cui
«beperosa apTujepis»

3a ckmagoBoro  BiiickkoBo-Mopceekux  Cun  «bepecosa  apmunepis»
HAyKOMETPUYHA AKTHBHICTH y PO3pI3l Tamy3edl MOCHIDKEHHS TMpeACTaBiIeHa Y
Ta011.6.
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Tabauus 6 - TenaeHUii HAYyKOMeTPUYHOI AKTUBHOCTI Y CBIiTi 32 cKJIa10BOI0 BilichbK0BO-
Mopcbsknx Cua «beperoBa apruiepisi» B po3pisi rasnyseii 10c/1iaKeHHs,

2019-2024 pp.

YacrTka
Kpainn Inpexc Innexc myoJiKkamii Big
Tlanysi 3 Hail0inbmorw| Opranizanii 3 HAHOLIBIIO | mMyOJaikamiil | HUTYBAHHSA 3arajabHol
JOCJTIIKeHHsI | KiJbKicTIO KLIBKICTIO MyOmikanii (2024/2019 | (2024/2019 KITBKOCTI
nyosikamii Pp-); % PP-), %o  |myGaikamii ramy3i
JocaimkeHast, %
WUHAN NAVAL
UNIVERSITY OF
ENGINEERING (Kuraii),
Kuraii, BEIJING INSTITUTE OF
Pecniyonika | TECHNOLOGY (Kwurait),
Inoicenepis Kopes, KOREA ADVANCED 300,0 6000,0 45,2
Benuka INSTITUTE OF SCIENCE
Bpuranis TECHNOLOGY KAIST
(Pecnyonika Kopes),
CRANFIELD UNIVERSITY
(Benuka bpuranis)
HARBIN ENGINEERING
Kuraii, UNIVERSITY (Kurai),
Benuka CRANFIELD UNIVERSITY
Oxeanoepaghisi| bputanis, | (Bemuka bpuranisn), KOREA 100,0 200,0 2,4
Pecniyonika | ADVANCED INSTITUTE OF
Kopest SCIENCE TECHNOLOGY
KAIST (Pecniyorniika Kopes)
WUHAN NAVAL
Kuraii, UNIVERSITY OF
Benuka ENGINEERING (Kuraif),
Ingpopmamuxa | bpuranis, | CRANFIELD UNIVERSITY 600,0 1400,0 19,1
Pecniyonika | (Benuka Bpuranis), INHA
Kopes UNIVERSITY (Pecny0iika
Kopest)
NORTHWESTERN
POLYTECHNICAL
UNIVERSITY (Kwurait),
Kurraii WUHAN NAVAL
Cucmemu ? UNIVERSITY OF
asmomamu- PeIciHy6mKa ENGINEERING (Kuraif), 700.0 1900.0 20.2
306a1020 Beroi | AGENCY OF DEFENSE : : ’
YNpPAGNiHHA Bpuraniz DEVELOPMENT ADD
REPUBLIC OF KOREA
(Pecnyomnika Kopes),
CRANFIELD UNIVERSITY
(Benuka bpuranis)
WUHAN NAVAL
Kuraii, UNIVERSITY OF
Tenexomyni- Benuka ENGINEERING (Kwurait),
Kayii Bbpuranis, | CRANFIELD UNIVERSITY 200,0 600,0 8,3
Typeuunna | (Bemmka Bpuranis), GAZI
UNIVERSITY (Typeuunna)
Kuraii HARBIN ENGINEERING
2 UNIVERSITY (Kwurait), INHA
Pecmy6Gmika .
Tuempymenmu Kopest UNIVERSITY (Pecnyonixa 100,0 100,0 2,4
BCHI/IK;l Kopes), CRANFIELD ’ ’ ’
. UNIVERSITY (Benuka
Bpuranis B .
pUTaHIsT)
Kurai, WUHAN NAVAL
WMo BeJ‘II/IK.a UNIVERSITY OF
SHABCIGO Bbpuranis, ENGINEERING (Kwurait), 100,0 500,0 2,4
Pecniyonika | CRANFIELD UNIVERSITY

Kopest

(Benuka bpurawnis), INHA
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Yactra
Kpainn Inpekc Innexc myOJiKkanii Big
Tlanysi 3 Hail0inbmow| Opranizanii 3 HAHOLIBIIO | mMyOJikamiil | TUTYBAHHSA 3arajbHol
JOCTIIKEHHSI | KiJbKICTIO KIBbKICTIO my0/iiKkanin (2024/2019 | (2024/2019 KiJILKOCTI
nyomikanii pp.), % pp.), %o |myOuikanii ramsysi

JocaimkeHas, %

UNIVERSITY (Pecriy6nika
Kopes)
Jxepeno: po3pobiieHo aBTOpamMu Ha ocHOBI nanux Web of Science

Haii6inb1a yacTka KUIbKOCT1 TyOTiKaIii BiJ] 3arajibHOT KUTBKOCT1 IMyOTiKaiin
3a cKJ1aJioBOI0 «beperopa apTuiepisy HAJICKUTh raiay3l ToCTHiHKeHHs «IHXeHepisa»
—45,2%, HaliMeHIlIa — rainy3saM nociaiypkeHs «Okeanorpadisy», «[HCTpymeHT» Ta
«Marepiano3HaBcTBO» — 1o 2,4%. Y TpiiiKy CBITOBUX KpaiH-JTiIepiB 32 KUIBKICTIO
nyOmikanii Bxoasth Kuraii, Pecriyonika Kopest, Benuka bputanis.

Haiiunuii  1aaexce myOmikamivi 2024/2019 pp. mae rany3p «Cucremu

aBTOoMartu3oBaHOTO ympaBiiHHS» — 700,0%; HaWBUIIMKA 1HAEKC IUTYBaHHS
2024/2019 pp. mae rany3p «Imxenepis» — 6000,0%.
BUCHOBKH

1. JocnimkeHHs myOaikaiiiHoi akTuBHOCTI 3a niepion 2019-2024 pp. nano
MOJKJIUBICTh BH3HAYUTH MEPCIICKTHBHI HANPSIMU PO3BHTKY CKIIAJIOBUX B Tally3sX
JOCIIDKeHHST 32 TeMaTukow «BilicbkoBo-Mopceki Cunn» Ta 11 CKIIaJOBUMU
BIJIITOBIHO:

— botiosi kopabai — y rany3six gociimxkenb «Okeanorpadis», «[HCTpyMeHTH Y,

«TenexkoMyHikarii», «Cucremu aBTOMAaTHU30BaHOTO yIIPaBIiHHS»,
«MaTtepiao3HaBCTBOY;

— [liosooHi uyosHu — 'y ramy3sx jgochimkeHb «OxeaHorpadisay,
«Martepiano3HaBCTBOY, «IHCTpyMEHTHY, «Imxenepis», «IHdpopmartuka,
«TenexomyHikarii», «CuCTEeMH aBTOMaTU30BAHOTO YIIPaBIIIHHS»;

—  Asianocyi — y  Tamy3sAXx  JOCIIIDKCHBb «IHdpopmarukay,

«Marepianao3HaBCTBOY, « TerekoMyHIKaIii;

— Minno-mpaneni kopabni — y Tamy3six AochipkeHb «OkeaHorpadis,
«Iudopmatuka», «CUCTEMU aBTOMAaTU30BAHOTO YIPABIiHHS Y, « TeleKOMyHIKaIIi»;

— Beszninomni mopcoki cucmemu — y Tanmy3sx nociimpkenb «OkeaHorpadisy,
«IncTpymentny, «TenekomyHikariii», «MaTepiallo3HaBCTBOY;

— bBepecosa apmunepin — y tanmy3sx mochimpkeHb «lmxeHepis», «Cuctemu
aBTOMATU30BaHOTO ympaBiliHHY, «[HPopMaTukay, « TemekoMmyHiIKaIii».

2. 'V coepi «BiiicekkoBo-Mopcbki  Cunmm»  HaOubme — myOmikaiin
CIIOCTEPITaEThCS 3a Tally33i0 Hayku «lHXKEHepis», Ha JAPyromMy MICIll Talry3b
«Oxeanorpadis», Ha TpeTboMy — «[HbOpMaTHKAY.

Haii0inpminii  BIUIMB/HAMOUIBIIMIT  1HTEpEC BUKIMKAIOTh MyOJiKamii 3a
rany3simu  «lmxkenepist»y, «Oxeanorpadis» Ta «CUCTEMH aBTOMATHU30BAHOIO
YIPaBIIHHS.
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3. Y po3pisi ckinagoBux chepu «BiiickkoBo-Mopcebki Critny:

- HailOUIpLIe myOTiKalii / HalOIbIIa YacTKa JOCIIPKEHb CIIOCTEPIraEThCs 3a
ckinagoBuMu «be3ninoTHi Mmopcebki cuctemu» — 4063 ox. a6o 73,8% Bix 3araabHOT
KUIBKOCTI B1A10paHux myoJtikaiii, «boiosi kopadmi» — 573 ox. a6o 10,4%, «MinHo-
TpaJibH1 Kopabui» — 396 ox. abo 7,2%;

- HaWOUIbIIMKA 1HTEpeC JUIsi HAYKOBOTO CEpeJOBHINA Mae TeMaTHKa 3a
ckianoBolo «boiloBi kopabmi» 3 HaBuUUIUM iHAeKcoM HuTyBaHHI — 8900,0%
(«Imxenepis»), («Okeanorpadis» — 8800,0% Tta «IndopmaTtuka» — 7100,0%).

[Tpu uboMy 3a BciMma ckiiaoBuMu BiiickkoBo-Mopcbkux Cuil 311CHIOIOTHCS
JOCJIJDKEHHSI 3a Tany33t0 «TejiekoMyHIKallii», Ha IpyroMy MicCTi 32 OMYJISIPHICTIO
3HaxoAThes ranysi «Okeanorpadis», «CucreMu aBTOMaTU30BaHOTO YIPABIIHHS»
Ta «MarepiajJo3HaBCTBOY.

4. Ot1xe, 3a ckinagoBumu chepu «BiiickkoBo-Mopcebki Cuitny 3 HAUBUIITUMU
yacTKaMu IyOJikaiiil HaliOUIBII MONMYISPHUMU € JTOCHIKEHHS 32 Tally3310 HaYKH
«Imxenepisi»  (ckimagoBa «be3nmiTOTHI  MOpPCBKI  CHCTEMH»), a HalOUIbII
BIUTMBOBUMU/IIMTOBAHUMHM  —  TyOusikamii  3a  ramy3sMu  «lHKeHepis»,
«Oxeanorpadis» ta «IHbopmaTuka» (ckimamoBa «boitoBi kopabmi»). Kpim Toro,
NOMYJISIPHUMHU Tany3sMu € « TenekoMmyHikaliii» Ta «MaTepiallo3HaBCTBOY.

5. TemaTuuHe cripssMyBaHHS HAHOLIBII IIMTOBAHUX MyOJTIKAIlN B O3HAYCHUX
rany3sax y cdepi «BificbkoBo-Mopcbki Cunmmy:

«IHxkeHepisi» — BHUABICHHS HECHPABHOCTEH y MOPCHKUX KOpaOeIbHHUX
EHEPreTUYHNX CHCTeMax 1 MOCTIHHOTO CTpyMy; MPHUAYIICHHS 1H(PpPauepBOHOTO
BUIIPOMIHIOBAHHS; BHUSBJICHHS IOIIKO/KEHb Bij IMiJBOJHOTO BHOYXY B OJHXKHIN
30H1; 130r€OMETPUYHHUHN MIAX1 A0 aHATI3y TUHAMIYHOI PEakilii JBOBHUKPHBICHOT
MarHiTOCJICKTPONPYKHOI KOMITO3UTHOI IOJIOr0i  OOOJOHKH, IO  IMJIJA€ETHCS
BUOYXOBOMY HaBaHTAXCHHIO;

«Oxeanorpadis» — JIOCHKEHHS peakilli BIIKPUTOI IUIaBY40i TOHKO1
KOHCTPYKIIii Ha MiABOIHY BHOYXOBY Oy/Ih0aIKy; MOMKOHKEHHS OaIKu KOPITyCy B
yMOBax pyHHYBaHHS BHUOYXOBOi OynbOamiku; MOJACIIOBaHHS TYpOYJIEHTHOCTI,
TypOyJIEHTHOTO  TOBITPSIHOTO  CIiAy  KopaOis; TPOTHO3YBaHHS  peakIliit
MIAKPIJICHUX TUTUT, 10 MIAIAI0ThCS MiIBOJHOMY BUOYXY, HA OCHOBI MAIIMHHOTO
HABYaHHS; KEPYBaHHS IM1IBOJHUM POOOTOM JIJIsl OUMIIICHHS KOPITYCY KOpaos;

«IndopmaTnka» — MOCHIMKEHHS IHTEPAKTUBHOI NPUXOBAHOI aTakk Ha
roJI0COB1 MOMIYHUKHY 3 BUKOPUCTAHHSIM YIbTPAa3BYKOBHX XBHJIb; METOIH TITHOOKOTO
HAaBYaHHS JJIs PO3IMi3HABAHHA IIIJIell HAa KOPaOJsSX 3 BHUKOPUCTAHHAM ONTHYHHUX
JaHUX JUCTAHIIIHOTO 30HAyBaHHS, €BOJIOIIiHA KBAHTOBAa HEHPOHHA apXiTEKTypa
JUIS TIOKpalieHHsT KBaHTOBO1 HeWpoHHOi Mepexi; LI mnmsa inentudikamii Tumy ta
30poi BIICbKOBUX KOPaOJIiB; €IEKTPUYHUN HAIBOIHHUM O0HOBHIT KOpabeb;

«TenexomyHikallii» — cucTeMa aBTOMATHYHOI'O PO3ITI3HABAHHS Ta 1ICHTH-
¢ikarii Tuny/kiacy BIMCBKOBUX KOpaOJliB, y T.4. HA OCHOBI HIUIBHOCTI IyMYy Ta
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MOKpAIIEHOi 3rOPTKOBOi HEHPOHHOI MEpEeki; HEUITKE KEepyBaHHA OE3MUIOTHUMU
HAJBOJHMMHM arapaTamMy; THYYKl aHT€HH; 3aXUIIEHI ONTUYHI MEpexki; TEXHOJIOT1i
3B'S13KY Ha M1ABOJHUX YOBHAX, Y T.Y. MIJIBOJAHI O€3JpOTOBI ONTUYHI CUCTEMHU 3B'A3KY;
nepefada JaHMX Ha OCHOBI CTUIBHMKOBOI KiacTepusalii; poOOT-po3BIAHHUK
MIABOJAHUX MIH; aJanTUBHI MIJBOAHI MEPEXIi; 3ariylieHHS paaiooKaTOpPiB;
MO/ICJIIOBaHHS 0010 MPOTUKOPAOETbHUX PAKET Ta 30BHINIHIX MACMBHUX MEPEIIKO/;
InTepHer peueit;

«Marepiano3HaBCTBO» — I'pa)€HOB1 HAHOIUIACTUHU;, KapOOHI30BaH1 BOJOKHA
modu; MOpUCTUN BYyTJElb, JIESTOBAHUN a30TOM; CTallb, 30KpeMa KopalesbHa; Mo-
KPUTTS CTall MaTepiajlaMy 3 TAaHTAJIOM; MOKPUTTSA 3 OKCUY rpadeHy; CIUIaBH 3 TH-
TAHOM, MIJIJTIO Ta JaTYHHIO; OpOHS 3 alIOMIHIEBUX CIUIABIB; KOMIIO3UTU — BOJIOKHO-
apMOBaH1 TUTACTUKOBI; MOJIIMEPHI, apMOBaH1 BOJIOKHAMU; 3 KPEMHIEM, MarHiem,
mitiem (C/C-SiC ta MgH2-LiH), Boasppamom; OiOHIUHI BYIJIEIIEBO-apMOBaHI
IUTACTUKOBl KOMIIO3UTH, TO(MPOBaHI CEHJIBIUY-CTPYKTYpPH 3 METAJEBOIO MIHOKW. A
TaKOXK TEXHIYHUU TEKCTUIb, 3D-ApyK.

6. Bu3HaueHi NepCIeKTUBHI HAPSIMU PO3BUTKY HAYKOBOTO JOCIIKCHHS 3a
TeMaTukoro «BilickkoBo-Mopchki Critny» Ta ii CKIIaIOBUMH Y pa3i MoTpeOn MOXKHA
BUKOPUCTATH TPH PO3POOJICHH] Ta MPUUHSTTI BIAMOBITHUX PIIICHB 11010 HAYKOBUX
1 TEXHOJIOTTYHUX HAMPSIMIB JIOCIIKEHb, TEXHIYHOT'O MTePEOCHAIIEHHS, MOACPHi3allii
Ta peopMyBaHHS 00OPOHHO-ITPOMHCIIOBOTO KOMILIEKCY YKpaiHHu.
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BOMOBI KOPABJII

Inxenepis

1

KoporkouacHe meperBopennss dyp'e:
KJIACTEpHUM aHalli3 U MOHITOPHHTY

STFT Cluster Analysis for DC
Pulsed Load Monitoring and

Current trends in Naval shipboard power system architecture indicate
that the electrification of future warships is inevitable, and it will be

https://www.webofscience.

com/wos/woscc/full-

IMITYJTECHOT'O HaBaHTtaxxeHHs | Fault Detection on Naval | equipped with loads that draw periodic pulsed currents from the dc | record/ WOS:0005454382
nocriiHoro crpymy Ta BusiBneHHs | Shipboard Power  Systems. | microgrid or have large transients while switching state. In order to | 00039
HeCIpaBHOCTEN y Mopcbkux | Magsood, A.; Oslebo, D.; | monitor the operation of those loads, solely time-based features are not
KOpaOenbHUX enepreruunux | Corzine, K.; Parsa, L.; Ma, Y. | enough as they do not provide sufficiently unique information to
chcTeMax IEEE TRANSACTIONS ON | differentiate various transient stages of the load profile. The focus of
TRANSPORTATION more recent research has been on extracting time-frequency features.
ELECTRIFICATION. 2020. | However, no comprehensive solution exists that could work for any
Volume 6. Issue 2. Page 821- | general load profile. The proposed load monitoring and fault detection
831. method presented in this article outlines a data clustering-based
approach to extract unique feature vectors from short-time Fourier
transform analysis for any pulsed load. These features can then be used
to identify various events in the load transient as well as shunt faults
and series arcing faults. Implementation and performance of the
scheme for several load profiles and fault scenarios are included.
2 UYucenbHuii  anamiz  3axomieHHs | Numerical analysis of air | A numerical analysis has been performed on a real-scale infrared | https://www.webofscience.
MOBITPS Ta TeMIepaTypd Ha Buxomi | entrainment and exit temperature | suppression device to estimate the air entrainment and corresponding | com/wos/wosce/full-
peanmpHOro  Macmtaly  koniuHoro | of a real scale conical infrared | temperature drop of the exhaust gases flowing through it. The analysis | record/ WOS:0006214106

MIPUCTPOIO TIPUAYIICHHS iH(padepBo-
HOT'O BUITPOMIHIOBAaHHSA

suppression ~ (IRS)  device.
Ganguly, VR; Dash, SK.
INTERNATIONAL JOURNAL
OF THERMAL SCIENCES.
2020. Volume 156.

of the IRS device is done for the exhaust of a gas turbine plant installed
on a naval warship. The operational data used in the analysis has been
taken from LM2500 series gas turbine from GE. The numerical method
solves the three dimensional, incompressible Navier-Stokes equations,
the mass continuity equation and the two-equation based eddy
viscosity model for the turbulent k-epsilon equations along with the
energy equation in the flow field. The effect of using different number
of nozzles at the gas turbine exit on the air entrainment and the exit
plume temperature has been discussed. The results show that the
maximum air entrainment and minimum plume temperature can be

00017
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achieved by using four to six numbers of nozzles. The air entrainment
and the exit plume temperature are also affected by the pitch circle
diameter of the nozzle placement. The maximum air entrainment and
minimum exit temperature is achieved at a pitch circle diameter of 1.6
m. The air entrainment considerably increases with the nozzle-exit
Reynolds number (Re). The higher Reynolds number also ensures the
minimum plume temperature at the exit of IRS device. Air entrainment
gradually reduces with the nozzle protrusion. The highest entrainment
is observed when the nozzles are flush with the bottom plane of the IRS
device. However, the nozzle protrusion does not affect the exit plume
temperature significantly. The funnel overlap height adversely affects
the performance of the IRS device i.e. the air entrainment continuously
decreases with increasing funnel overlap height. Moreover, increasing
funnel overlap also causes the exit plume temperature to rise
considerably.

Bussnenns HEeCIpaBHOCTEHN
MOCTIHOIO CTPyMY Ta MOHITOPUHT
IMIyIbCHOTO ~ HaBaHTaXCHHA  3a
JIOTIOMOI'0I0  aBTOSHKOZEPIB  JJOBroi
KOpPOTKOYacHOI Imam'siTi 3 BeWBIIET-
MIEPETBOPEHHSM

DC Fault Detection and Pulsed
Load Monitoring Using Wavelet
Transform-Fed LSTM
Autoencoders.

Ma, Y.; Oslebo, D.; Magsood,
A.; Corzine, K. IEEE JOURNAL

OF EMERGING AND
SELECTED TOPICS IN
POWER ELECTRONICS.

2021. Volume 9. Issue 6. Page
7078-7087.

The extensive deployment of power electronics loads in naval ship
power systems indicates the ship electrification is inevitable in future
trends. Next-generation warships require high-power density weapons
drawing pulse power from the dc grid. A particularly concerning issue
is that these pulse loads draw large currents in short periods of time,
similar to fault behavior, and maybe indiscernible from a fault. This
article proposed a novel machine learning-based algorithm-long short-
term memory (LSTM) recurrent neural network (RNN)-based
autoencoder (AE) networks to detect dc faults and monitor load
conditions applied to naval pulse loads. The novel load monitoring
solution presented herein can be applied to any load profile that
exhibits repetitive transients during normal operation. The frequency-
domain features of the load current are extracted under wavelet
transform for the network training to set the network weights and
biases. Once the network training is completed, the LSTM RNN-based
AE will produce both signal classification and signal reconstruction of
the pulse load based on wavelet features of input current. Any faults
should yield large reconstruction errors for protective action. Finally,
the method is demonstrated in experimental results.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007245145
00058

XapaKkTepuCTHKN TOMIKODKEHHS BiJl

MpOBUCAHHS  OajKu  KOpmycy 3
TparnerienoxiOHnM TIOTIEPEYHUM
epepizom, 11 (6} miraBajracs

I IBOTHOMY BHOYXY B OJNFDKHIH 30H1

Sagging damage characteristics
of hull girder with trapezoidal
cross- section subjected to near-
field underwater explosion.

Li, HT; Zheng, XY; Zhang, C.;
Mei, ZY; Bai, XF; Liu, K.

To investigate the overall damage characteristics and failure modes of
a warship subjected to an un-derwater non-contact near-field
explosion, a hull girder with a trapezoidal cross-section was designed,
manufactured, and tested. The design criteria and parameters were
determined according to the simi-larity criterion. Dynamic responses
of the girder freely floating on water were obtained under varying
conditions, including stand-off distance, charge mass, and position of

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0009716203
00001
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DEFENCE TECHNOLOGY.
2023. Volume 21. Page 1-13.

attack. Damage morphologies of the girder model were obtained.
Based on our analysis, basic conditions for sagging damage of the hull
girder are proposed. The aim of this study was to determine an efficient
method of attack resulting in the most severe damage to the ship hull.
The experimental results show that the girder mainly exhibits a first-
order response when the first wet frequency of the girder is close to the
frequency of the explosion bubble pulsation. The largest deformation
was observed when the underwater explosion occurred directly below
the midspan of the girder compared to other explosions of the same
intensity at different attack positions. When the ratio of stand-off to
maximum bubble radius (lambda) satisfies 0.7 <= lambda<2, the
bubble mainly causes sagging damage instead of hogging. As lambda
decreases (1 <= lambda<2), the sagging damage increases under the
same charge mass. However, as lambda decreases further (0.7 <=
lambda<1), the sagging deformation decreases. This is likely due to the
impact of the liquid jet formed by the collapsing bubble, which causes
the girder deformation to shift from sagging back to hogging
deformation. The initial shock wave excites the high-frequency
response of the girder structure but contributes very little to the overall
velocity and displacement. However, bubble pulsation typically causes
a low-frequency response, which will affect the velocity and
displacement of the girder. The low-pressure region of the flow field
formed by bubble pulsation and resonant coupling between the girder
and the bubble are the predominant causes of damage to the overall
girder structure.

[3oreomeTpuyHMi MAXiZ A0 aHAII3y
JMHAMIYHOT peakiii JBOBHKPHBIECHOT

MAarHiTOeIEeKTPOIPYKHOT

KOMITIO3UTHOI I0JI0r0oi OOOIOHKH, IO
BHOYXOBOMY

MiTacThCA
HaBaHTaXEHHIO

An  isogeometric  analysis
approach for dynamic response
of  doubly-curved magneto
electro elastic composite shallow
shell subjected to blast loading.
Tu, PH; Ke, TV, Trai, VK; Hoali,
L. DEFENCE TECHNOLOGY.
2024. Volume 41. Page 159-180.

For the first time, the isogeometric analysis (IGA) approach is used to
model and analyze free and forced vibrations of doubly-curved
magneto-electro-elastic (MEE) composite shallow shell resting on the
viscoPasternak foundation in a hygro-temperature environment. The
doubly-curved MEE shallow shell types include spherical shallow
shell, cylindrical shallow shell, saddle shallow shell, and elliptical
shallow shell subjected to blast load are investigated. The Maxwell
equation and electromagnetic boundary conditions are used to
determine the vary of the electric and magnetic potentials. The MEE
shallow shell's equations of motion are derived from Hamilton's
principle and refined higher-order shear theory. Then, the IGA method
is used to derive the laws of natural frequencies and dynamic responses
of the shell under various boundary conditions. The accuracy of the
model and method is verified through reliable numerical comparisons.
Aside from this, the impact of the input parameters on the free and
forced vibration of the doubly-curved MEE shallow shell is examined

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0013590810
00001
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in detail. These results may be useful in the design and manufacture of
military structures such as warships, fighter aircraft, drones and
missiles.

Experimental and numerical
investigation on the dynamic
response of a simplified open
floating  slender  structure
subjected to underwater
explosion bubble.

Gan, Nmwo; Liu, LT; Yao, XL;
Wang, JX; Wu, WB. OCEAN
ENGINEERING. 2021. Volume
219, 108308.

A simplified open floating slender structure is used to investigate the
dynamic behaviors of the warship in this paper. The deformation and
damage mechanisms of the simplified open floating slender structure
subjected to the underwater explosion are studied using the experiment
and the Coupled Eulerian-Lagrangian (CEL) method. Firstly, a
validation for the CEL method is carried out, where the numerical
results agree well with the results in experiment. Subsequently, in order
to analyze the deformation and damage characteristics of the simplified
open floating slender structure subjected to the underwater explosion,
a series of cases for different detonation distances and different charge
weights are carried out. In the cases, the results indicate that the
deformation and damage of the simplified open floating slender
structure are mainly induced by the bubble, and the damage induced by
the shock wave is not obvious. For small charge weight and large
detonation distance, the whipping motion is the main deformation form
of the simplified open floating slender structure. When the charge
weight increases or the detonation distance decreases to a critical value,
the simplified floating slender structure is damaged in a longitudinal
bending mode with a plastic hinge generated in the middle region.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006049281
00054

Oxkeanorpadis

1 ExcnepuMeHTanbHe Ta  YHCIIOBE
JMOCTI/DKCHHST ~JTUHAMIYHOI — peakIii
CIpPOLIEHOT  BIAKPUTOI  IIaBy4oi
TOHKOI KOHCTPYKIi, IO MiJa€ThCS
BILIUBY 11 ABOHOT BHOYXOBOT
OyIb0arku

2 JocmimkeHHs 3arajabHUX
XapaKTepUCTHK IOIIKOKEHHS OaKu
KOpIlycy B yMOBax pyHHYBaHHs

BHUOYXOBOT Oy/b0aIIKu

Research on overall damage
characteristics of a hull girder
under explosion bubble collapse.
Gan, N.; Yao, XL; Liu, LT; Xiao,
W.;  Wang, XL. OCEAN
ENGINEERING. 2019. Volume
188, 106315.

The deformation mechanism of warships subjected to underwater
explosion is very important to the survivability assessment of warships.
Therefore, in this study the deformation mechanism of a hull girder
similar to a real warship structure subjected to underwater explosion
loads has been investigated experimentally and numerically. In
addition, the non-spherical effect of underwater explosion bubble is
considered. The experiment is conducted in a water pool of underwater
explosion, and the numerical calculation is carried out through the
Coupled Eulerian-Lagrangian (CEL) algorithm. Then the validation of
the method is conducted and numerical results agree well with the
experimental results. After that, the detailed discussions on the overall
damage characteristics of a hull girder under explosion bubble collapse
are implemented. Finally, a series of cases are conducted to investigate
the response of the hull girder under different underwater explosion
conditions. By analyzing the experimental and numerical results,
conclusions can be drawn that with detonation distances decrease, the
deformation form of the hull girder converts rigid-body motion to
whipping and a plastic hinge generates. When the charge weights are

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004900455
00057
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in a certain range, the dynamic responses of the hull girder are similar
for different charge weights with same dimensionless distance.

[NopiBHsIBbHA OIIHKA MOJIETIOBAHHS
TypOYJIEHTHOCTI 32 JOIIOMOIOIO
HecTallloHapHUX  piBHAHb  Hab'e-
Crokca yCepeIHeHnX 3a
Petinonbacom, MaciITabHo-
QJIalITUBHOTO ~ MOJICTIIOBAHHS  Ta
MOJICNIOBAHHSI OKPEMOTO BUXOPY IS
MIPOTHO3yBaHHS XapaKTePUCTHK
MOBITPSHOTO ~ CNIJy BiJI MacHUBHO
BiJIOKpEMJICHUX KOpaOIIiB

Comparative  assessment  of
URANS, SAS and DES
turbulence modeling in the
predictions of  massively
separated ship airwake
characteristics.

Shukla, S.; Singh, SN; Sinha,
SS; Vijayakumar, R. OCEAN
ENGINEERING. 2021. Volume
229, 108954.

An early assessment of the ship airwake characteristics is one of the
most challenging tasks associated with the designing of vessels. The
design of warship superstructures has traditionally followed the basic
polyhedron shape (box type structures) to achieve the desired stealth
capability. However, presence of such a box shape bluff superstructure
generates massively separated airwake over the ship helodeck region.
This airwake results into complex flow phenomena which carry strong
velocity gradients in space and time, along with widely varying
turbulence length scales. Under such conditions, the launch and
recovery of a shipboard helicopter operations are very hazardous. Thus,
an accurate assessment of the resultant ship airwake flow phenomena
at early design stages is desirable. We present a comparative time-
accurate assessment study in order to gain a better understanding of the
capability of the Unsteady Reynolds-Averaged Navier-Stokes
(URANS), the Scale-Adaptive Simulation (SAS) and the Detached
Eddy Simulation (DES) turbulence models in predicting turbulent ship
airwake characteristics. Detailed comparisons are conducted with
respect to the in-house experimental data. Results show that the DES
and SAS produce nearly similar trends of the mean flow properties
when compared to the experimental results. However, comparisons of
velocity spectra indicate that SAS can resolve the dominant large-scale
turbulent flow structures with less computational burden. Further, this
study also attempts to compare the variation of mean flow quantities
with steady RANS approach in order to quantify the percentage
variation between the predictions of the steady and unsteady turbulence
modelling approach.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0006485255
00025

[Iporno3yBaHHA peaxitiit
MIKPIDICHHX TUIAT, IO IMiIAal0ThCA
MIBOAHOMY BHOYXY, Ha OCHOBI

MAaIIMHHOI'O HaBYaHHA

Predictions of the responses of
stiffened plates subjected to
underwater explosion based on
machine learning.

Kong, XS; Gao, H.; Jin, ZY;
Zheng, C.; Wang, YW. OCEAN
ENGINEERING. 2023. Volume
283, 115216.

Underwater explosions can cause significant damage to ship structures,
and quickly assessing the extent of the damage is crucial for
improving warship combat capability. This paper proposes the use of
machine learning algorithms to rapidly assess the damage of stiffened
plates subjected to underwater explosions. The algorithms use
structural responses of the plates obtained by numerical simulations,
which are benchmarked by experimental results, as a database.
Fractures and plastic deformations are both taken into consideration.
The support vector machine algorithm is used to determine the criterion
for fractures or plastic deformations, while a back propagation neural
network model and a support vector regression model are both used to
predict the plastic deformation and fracture area of the plates. The
support vector machine model accurately classified different cases of

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0010326607
00001
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fractures or plastic deformation with a training accuracy of 99.4%. The
back propagation neural network model has regression values of 0.99
for predicting fractures and 0.97 for predicting plastic deformation,
both of which are higher than those predicted by the support vector
regression model (0.96 for the prediction of fracture and 0.90 for the
prediction of plastic deformation). Therefore, the back propagation
neural network model provides a more accurate assessment of damage
to stiffened plates subjected to underwater explosions and can be used
for rapid assessment.

Design and climbing control of
an underwater robot for ship hull
cleaning.

Chen, LP; Cui, RX; Yan, WS;
Xu, H.; Zhao, HY; Li, HQ.
OCEAN ENGINEERING.
2023. Volume 274, 114024.

Underwater robot has significant potential to clean the fouling on the
ship hull. The design of robotic solution as well as control scheme is,
however, still challenging. The use of negative pressure and magnetic
adsorption technologies in cleaning robots will severely limit their
utility in rough hulls and warships. Here we propose an underwater
cleaning robot that driven by six thrusters and two crawler belts. The
key advantage of our robot is that thrusters can provide enough and
reliable adhesive forces to adapt to more common hulls. Furthermore,
we present a climbing controller to track the planned coverage path that
can guide the robot covering the ship hull without repetition and
omission. The difficulties lie in two aspects: inconsistency between two
crawler belts and inaccurate depth measurement that caused by
changing wave near the water surface. Here we use velocities of
crawler belts and pitch angle of the robot to replace the inaccurate
depth measurement, and then design a consensus-based sliding mode
controller to relieve the inherent inconsistency for tracking the
coverage path accurately. Finally, field experimental results on giant
ship verify the effectiveness of the presented robotic solution and
controller.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0009489334
00001

5 [IpoektyBanHs Ta KepyBaHHS
MiJIBOHUM POOOTOM ISl OYHILCHHS
KOpIycy Kopaoist

Indopmarnka

1 SurfingAttack: IaTepakTuBHA
MpUXOBaHAa araka Ha  TOJOCOBi
MIOMIYHHUKH 3 BUKOPUCTAHHSIM

YIBTPa3ByKOBUX XBUJIb

SurfingAttack: Interactive
Hidden Attack on  Voice
Assistants  Using  Ultrasonic

Guided Waves.

Yan, QB; Liu, KH; Zhou, Q.;
Guo, HQ; Zhang, N. 27TH
ANNUAL NETWORK AND
DISTRIBUTED SYSTEM
SECURITY SYMPOSIUM.
2020.

With recent advances in artificial intelligence and natural language
processing, voice has become a primary method for human-computer
interaction. It has enabled game-changing new technologies in both
commercial sectors and military sectors, such as Siri, Alexa, Google
Assistant, and voice-controlled naval warships. Recently, researchers
have demonstrated that these voice assistant systems are susceptible to
signal injection at the inaudible frequencies. To date, most of the
existing works focus primarily on delivering a single command via
line-of-sight ultrasound speaker or extending the range of this attack
via speaker array. However, besides air, sound waves also propagate
through other materials where vibration is possible. In this work, we
aim to understand the characteristics of this new genre of attack in the

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006807426
00029
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context of different transmission media. Furthermore, by leveraging
the unique properties of acoustic transmission in solid materials, we
design a new attack called SurfingAttack that would enable multiple
rounds of interactions between the voice-controlled device and the
attacker over a longer distance and without the need to be in line-of-
sight. By completing the interaction loop of inaudible sound attack,
SurfingAttack enables new attack scenarios, such as hijacking a mobile
Short Message Service (SMS) passcode, making ghost fraud calls
without owners' knowledge, etc. To accomplish SurfingAttack, we
have solved several major challenges. First, the signal has been
specially designed to allow omni-directional transmission for
performing effective attacks over a solid medium. Second, the new
attack enables multi-round interaction without alerting the legitimate
user at the scene, which is challenging since the device is designed to
interact with users in physical proximity rather than sensors. To
mitigate this newly discovered threat, we also provide discussions and
experimental results on potential countermeasures to defend against
this new threat.

[NopiBHSIHHS ABOX METO/IIB IIIMOOKOTO
HaBYaHHS JUIsl PO3MI3HABAHHS IiJIel
Ha KOpaOIsiX 3  BHUKOPUCTaHHSIM
ONTHUYHUX JAHUX AUCTAHUIHHOrO
30HTyBaHHS

Comparison of two deep
learning methods for ship target
recognition with optical

remotely sensed data.

Zhang, DJ; Zhan, J.; Tan, LF;
Gao, YH; Zupan, R. (Zupan,
Robert). NEURAL
COMPUTING &
APPLICATIONS. 2021. Volume
33. Issue 10. Page 4639-4649.

As an important part of modern marine monitoring systems, ship target
identification has important significance in maintaining marine rights
and monitoring maritime traffic. With the development of artificial
intelligence technology, image detection and recognition based on deep
learning methods have become the most popular and practical method.
In this paper, two deep learning algorithms, the Mask R-CNN
algorithm and the Faster R-CNN algorithm, are used to build ship target
feature extraction and recognition models based on deep convolutional
neural networks. The established models were compared and analyzed
to verify the feasibility of target detection algorithms. In this study,
5748 remote sensing maps were selected as the dataset for experiments,
and two algorithms were used to classify and extract warships and
civilian ships. Experiments showed that for the accuracy of ship
identification, Mask R-CNN and Faster R-CNN reached 95.21% and
92.76%, respectively. These results demonstrated that the Mask R-
CNN algorithm achieves pixel-level segmentation. Compared with the
Faster R-CNN algorithm, the obtained target detection effect is more
accurate, and the performance in target detection and classification is
better, which reflects the great advantage of pixel-level recognition.

https://www.webofscience.

com/wos/woscc/full-

record/ WOS:0005626582

00005

EQNAS: EpomroriiiHa  KBaHTOBa
HEHpOHHA apXiTeKTypa IS IOLIYKY
knacudikanii 300pakeHb

EQNAS: Evolutionary Quantum
Neural Architecture Search for
Image Classification.

Quantum neural network (QNN) is a neural network model based on
the principles of quantum mechanics. The advantages of faster
computing speed, higher memory capacity, smaller network size and
elimination of catastrophic amnesia make it a new idea to solve the

https://www.webofscience.

com/wos/woscc/full-

record/ WOS:0010918176

00001
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Li, YY; Liu, RJ; Hao, XB;
Shang, RH; Zhao, PX; Jiao, LC.
NEURAL NETWORKS. 2023.
Volume 168. Page 471-483.

problem of training massive data that is difficult for classical neural
networks. However, the quantum circuit of QNN are artificially
designed with high circuit complexity and low precision in
classification tasks. In this paper, a neural architecture search method
EQNAS is proposed to improve QNN. First, initializing the quantum
population after image quantum encoding. The next step is observing
the quantum population and evaluating the fitness. The last is updating
the quantum population. Quantum rotation gate update, quantum
circuit construction and entirety interference crossover are specific
operations. The last two steps need to be carried out iteratively until a
satisfactory fitness is achieved. After a lot of experiments on the
searched quantum neural networks, the feasibility and effectiveness of
the algorithm proposed in this paper are proved, and the searched QNN
is obviously better than the original algorithm. The classification
accuracy on the mnist dataset and the warship dataset not only
increased by 5.31% and 4.52%, respectively, but also reduced the
parameters by 21.88% and 31.25% respectively. Code will be available
at https://gitee.com/Pcyslist/models/tree/master/research/cv/EQNAS,
and https://github.com/Pcyslist/ EQNAS.

Jlerka macka RCNN 11g BUSBIIEHHS

Ta cerMeHTalii 00HOBUX KOpalIliB

Lightweight Mask RCNN for

Warship Detection and
Segmentation.
Park, J.; Moon, H. IEEE

ACCESS. 2022. Volume 10.
Page 24936-24944.

As the term X(Everything)+Al indicates, Al is applied in every aspect
of current societies. Likewise, the military requirements for Al are
increasing as well. Als that automatically detect and classify objects
are required for surveillance and reconnaissance. Especially in terms
of naval operation, identifying types of warships and recognizing
mounted armaments have significance as the first step of the operation.
This study is the proposal of an Al model that can identify warships'
type and weapon by analyzing video information taken on sea, and
evaluate threat priority and response level. The proposed model is
based on Mask RCNN, the Image Segmentation model, but was
designed in a lightweight version, so that it could be used on a platform
of the vessel where the use of high performing computers is limited. To
lightweight the model, the former backbone was replaced with
MobileNetV2, and the convolution operation of the RPN was replaced
with Depthwise Separable Convolution operation, which operates
respectively in each channel. The lightweight Mask RCNN model
showed 64% lower number of parameters compared to the base model.
However, its mAP, the classification accuracy, was similar with the
base model.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007665461
00001

MeTtomoioris
TIPOEKTYBAHHS

PaHHBOTO
0araroIILOBOro

Early-Stage design methodology
for a multirole electric propelled
surface combatant ship.

Modern Navies are facing a scenario in which the technology is
changing at a fast pace, deeply affecting the expected missions their
ships have to cope with. Not only new weapon systems and sensors,

https://www.webofscien
ce.com/wos/woscc/full-
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ENEKTPUYHOTO HAJIBOTHOTO OOHOBOrO
Kopaos

Vicenzutti, A.; Trincas, G
Bucci, V.; Sulligoi, G.; Lipardi,
G. IEEE ELECTRIC SHIP

TECHNOLOGIES
SYMPOSIUM:  EMERGING
TECHNOLOGIES FOR

FUTURE ELECTRIC SHIPS.
2019. Page 97-105.

but also new subsystems and new threats call for the design of new
ships. However, integrating these new elements into an existing ship is
impossible, being it not designed to support them. Likewise, adapting
an existing ship design is difficult as well, being the hull form not suited
either for providing the required performance level or for
accommodating the increased payload. Therefore, to face the actual
evolutionary trend in naval ships, a new design strategy has to be
adopted. In this paper, a multi-attribute design making approach to the
concept design is depicted, able to exploit the capabilities of modern
Information Technology tools. As an application example, a first
simplified run of the process is shown, regarding the design of a
multirole destroyer.

record/ WOS:000591846
900014

CucreMH aBTOMaTH30BaHOTO YNIPaBJii

HHHA

1

[TpoekTyBaHHS  JACLEHTPATI30BaHOI
aKTUBHOIL CHUCTEMU HpI/I}]yLHeHHSI
30ypeHb 1711 ra30BOi TypOiHU

Decentralized active disturbance
rejection control design for the

gas turbine.

Shi, GJ; Wu, ZL; He, T.; Li, DH;
Ding, YJ; Liu, SM.
MEASUREMENT &

CONTROL. 2020. Volume 53.
Issue 9-10. Page 1589-1601.

As a clean energy engine, the gas turbine is widely used for the
generation of the power plant and the propulsion of the warship. Its
control is becoming more and more challenging for the reason that
internal coupling exists and the load command changes frequently and
extensively. However, advanced controllers are difficult to implement
on the distributed control system and conventional proportional-
integral-derivative  controllers are unable to handle with
aforementioned challenges. To solve this problem, this article designs
a decentralized active disturbance rejection control for the power and
exhaust temperature of the gas turbine. Simulation results illustrate that
the decentralized active disturbance rejection control is able to obtain
satisfactory tracking and disturbance rejection performance with strong
robustness. Eventually, a numerical simulation is carried out which
shows advantages of active disturbance rejection control in the control
of power and exhaust temperature when the gas turbine is under
variable working condition. This successful application of
decentralized active disturbance rejection control to the gas turbine
indicates its promising prospect of field tests in future power industry
with increasing demand on integrating more renewable energy into the
grid.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006145529
00004

TTixig 3aCHOBaHUN Ha
TpaHCPEepHOMY HaBYaHHI bi(s)
MTOBTOPHOI ieHTH]IKaIi MOPCHKHX
OoiioBux KopaliiB

A transfer  learning-based
approach to maritime warships
re-identification.
Zeng, GM; Wang, RJ; Yu, WN;
Lin, AH; Li, HH; Shang, YF.
ENGINEERING

APPLICATIONS OF

Marine vessel re-identification technology is an important component
of intelligent shipping systems and an important part of the visual
perception tasks required for marine surveillance. However, unlike the
situation on land, the maritime environment is complex and volatile,
and ships are prone to different degrees of swaying. Warships, as a class
of ships, are characterized by fewer image samples and high similarity,
and it is more difficult to re-identify warships at sea. Therefore, this
paper proposes a dynamic alignment re-identification network model

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0010437478
00001
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ARTIFICIAL INTELLIGENCE.
2023. Volume 125, 106696.

incorporating transfer learning methods. Various types of ships are
used as source domain data to assist the network in learning the target
domain warships so as to improve the recognition accuracy of
warships. At the same time, the swaying situation of warships at sea is
simulated and tested to improve the recognition difficulty so as to cope
with the impact caused by complex sea conditions. The effect of
different types of ships as transfer objects is also discussed. The
experimental results show that the improved algorithm improves the
mean average accuracy (mAP) by 10.2% and the first hit rate (Rank1)
by 4.9% on average.

Meton OIIIHKA 3arpo3
NPOTHITOBITPSIHOI OOOpPOHU 3’€lTHAHB

0oiioBUX  KOpaONMiB Ha  OCHOBI
aBTOpPETrPECUBHO - JMHAMIYHO
HIOKPAIIEHOT0 METORY JULst

BU3HAUCHHS TMOPSAAKY IMepeBard 3a
MOAIOHICTIO JI0 1/1€JILHOTO PillICHHS

Threat evaluation method of
warships formation air defense
based on AR(p)-DITOPSIS.
Sun, HW; Xie, XF. JOURNAL
OF SYSTEMS ENGINEERING
AND ELECTRONICS. 2019.
Volume 30. Issue 2. Page 297-
307.

For the target threat evaluation of warships formation air defense, the
sample data are frequently insufficient and even incomplete. The
existing evaluation methods rely too much on expertise and are
difficult to carry out for the dynamic evaluation on time series. In order
to solve these problems, a threat evaluation method based on the AR(p)
(auto regressive (AR))-dynamic improved technique for order
preference by similarity to ideal solution (DITOPSIS) method is
proposed. The AR(p) model is adopted to predict the missing data on
the time series. Then, the entropy weight method is applied to solve
each index weight at the objective point. Kullback-Leibler divergence
(KLD) is used to improve the traditional TOPSIS, and to carry out the
target threat evaluation. The Poisson distribution is used to assign the
weight value. Simulation results show that the improved AR(p)-
DITOPSIS threat evaluation method can synthetically take into
account the target threat degree in time series and is more suitable for
the threat evaluation under the condition of missing the target data than
the traditional TOPSIS method.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004665853
00009

aBTOHOMHOI ~ CHCTEMH

TpyOOIPOBOIB
BIfICKOBO-MOPCHKUX ~ KopaOmiB 3
BHUKOPHCTaHHAM GararoeramHOro
ITOPUTMY KEPYBAHHS

Pozpodka
BIIHOBJIEHHS

Development of Autonomous
Recovery System for Pipeline of
Naval Ships by Using a
Multistage Control Algorithm.
Jung, BC; Moon, SJ; Lee, SH;
Lee, H.; Park, JW; Shin, YH.
IEEE-ASME TRANSACTIONS
ON MECHATRONICS. 2022.
Volume 27. Issue 2. Page 1150-
1161.

Pipeline systems in naval ships with special combat purposes (such as
warships) are frequently exposed to the risk of damage. It is necessary
to detect and isolate such unexpected damage quickly via an
autonomous recovery system in the pipelines to ensure the ship's
survivability. This recovery system employs an autonomously
controlled valve, which consists of a valve body, two pressure sensors,
an actuator to open/close the valve, and a controller equipped with
damage detection capability and a control algorithm. To enhance the
reliability of the autonomous recovery system, this study first proposes
a multistage control algorithm that can comprehensively consider the
various damage scenarios in a naval ship and then suggests the design
procedure for the autonomous piping system based on support vector
machine (SVM). To design the suggested algorithm, a simulation
model for the 1-D real-time flow analysis is first established, and its

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007828043
00052



https://www.webofscience.com/wos/woscc/full-record/WOS:000466585300009
https://www.webofscience.com/wos/woscc/full-record/WOS:000466585300009
https://www.webofscience.com/wos/woscc/full-record/WOS:000466585300009
https://www.webofscience.com/wos/woscc/full-record/WOS:000466585300009
https://www.webofscience.com/wos/woscc/full-record/WOS:000782804300052
https://www.webofscience.com/wos/woscc/full-record/WOS:000782804300052
https://www.webofscience.com/wos/woscc/full-record/WOS:000782804300052
https://www.webofscience.com/wos/woscc/full-record/WOS:000782804300052

29

Ha3pa nyoaikamii (YKp.)

Jlani npo ny0Jikaniio

AHoranig (aHrju.)

IMocnaanna

results for possible damage scenarios are used as training data for the
SVM with the valve operation information for recovery of the piping
system and to minimize the damaged area. A performance comparison
of the representative control algorithms for the autonomous piping
system is conducted via flow simulations under three representative
damage scenarios. Finally, a real-scale testbed of the firemain in a naval
ship is designed and constructed, and the effectiveness of the algorithm
is demonstrated through experiments.

AHami3  peMOHTOIPHUIATHOCTI  Ta
KOMILJIEKCHA KOMIIPOMiCHa
MOJICpHi3allist 00J1aHAHHSI BiiCEKOBO-
MOPCBKHUX KOPaOJIiB HAa OCHOBI METOY
oprasi3ailii paH)XyBaHHS TiepeBar JJist
PO3IIUPEHOI OMIHKU

Maintainability —analysis and
comprehensive tradeoff of naval
ships equipment based on
PROMETHEE method.

Zheng, SS; Chen, GF; Zhang,
YJ. JOURNAL OF CONTROL
AND DECISION. 2024. Volume
11. Issue 3. Page 375-384.

The comprehensive trade-off among reliability, maintainability,
availability and life cycle cost should be solved in the overall design
of warship equipment. Maintainability analysis and comprehensive
trade-off of naval ships equipment based on the PROMETHEE method
are proposed. In the method, the evaluation model of alternatives set is
formed through the analysis of maintainability-related factors, the
determination of target attribute and related attribute weight of
alternatives, the selection of attribute priority function and threshold.
And carry out calculation and analysis, form the ranking of
alternatives. Combined with the calculation and analysis of specific
examples, the evaluation results of six groups of alternatives are
obtained, and the optimal scheme is determined. The research provides
an effective theoretical basis for maintainability analysis and
comprehensive trade-off of system overall design. It guides the
implementation and decision of the project. It's suitable for the
comprehensive trade-off problem of multi-objective relationships to
find the optimal solution.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0009140939
00001

TenexkomyHikanii

1

AnanTHBHAa KOMIIEHCALis THYYKOi
AQHTEHW 3 IIKIPHUM TOKPHUTTAM 1
BOYZOBaHOIO BOJIOKOHHOIO PEIIiTKOIO
Bperra

Adaptive  Compensation  of
Flexible Skin Antenna With
Embedded Fiber Bragg Grating.
Zhou, JZ; Kang, L.; Tang, BF;
Tang, B.; Huang, J.; Wang, CS.
IEEE TRANSACTIONS ON
ANTENNAS AND
PROPAGATION. 2019. Volume
67. Issue 7. Page 4385-4396.

Skin antenna can be installed in the structural surface of an
aircraft, warship, or armored vehicle. The radiation pattern is
inevitably degraded due to the antenna surface deformations caused by
external loads in service. This paper proposes a new skin antenna
named smart skin antenna that consists of an antenna array, a protective
layer (facesheet and honeycomb core), and a sensing layer with fiber
Bragg grating (FBG) sensors. The shape of a deformed skin antenna
was calculated using a strain-displacement transformation according to
the measured strains from limited FBG sensors. Moreover, a strain-
electromagnetic coupling model between the phase compensation
values and the measured strains was derived for the first time to
adaptively compensate the deterioration of radiation patterns caused by
various flexible deformations. An 8 x 4 skin antenna prototype at 5.8
GHz was fabricated, and some experiments were carried out. The

https://www.webofscience.
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measured results demonstrate that the proposed compensation method
can effectively correct the deterioration of radiation patterns.

JocnijpkeHHs  CKIagy — CHUCTEMH
inenTugikamii TMmy / Kiacy xopaos
Ha OCHOBI 300paKeHb

A Study on the Composition of
Image-Based  Ship-type/class
Identification System.

Lee, J.; Nam, DW; Lee, J;
Moon, S.; Oh, A.; Yoo, W. 22ND

INTERNATIONAL
CONFERENCE ON
ADVANCED
COMMUNICATION
TECHNOLOGY: DIGITAL
SECURITY GLOBAL
AGENDA FOR SAFE

SOCIETY. 2020. Page 203-206.

Ships, coastal posts, and control centers need to verify the information,
location, and speed of nearby vessels for various purposes, such as
traffic control or maritime warfare. In the field of defense where
accurate information on nearby ships is important, radar is used to
acquire location information on nearby ships. However, the selection
of the opponent's position as well as the high-value units must be more
important and prioritized, and image-based warship type/class
identification techniques are required in naval warfare. This paper
presents a detailed method for system construction that supports
detailed identification of warship type/class through structural
analysis. Through the development of the proposed system,
reliable warship identification can be used for tactical applications in
the defense field, thereby contributing to the enhancement of defense
capabilities.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0005767391
00039

BunyuyenHs  T1a  po3mi3HaBaHHA
(dbopmyBaHHs OOWOBHX KOpaOIiB Ha
OCHOBI TIPOCTOPOBOI KJacTepu3arii
IONATKIB HA OCHOBI IIIJIBHOCTI 3
LIYMOM Ta HOKPAILIEHOI0 3TOPTKOBOIO
HEHPOHHOI0 MEPEXKEI0

Warship formation extraction
and recognition based on
density-based spatial clustering
of applications with noise and
improved convolutional neural
network.

He, HT; Wu, L.; Hu, XJ. IET
RADAR SONAR AND
NAVIGATION. 2022. Volume
16. Issue 12. Page 1912-1923.

Formation recognition is a significant focus of maritime target
recognition. Automatic formation extraction and recognition facilitate
autonomous decision-making. However, few studies have explored
formation extraction prior to recognition. This paper introduces a
density-based spatial clustering of applications with noise (DBSCAN)
method based on Gaussian kernel to extract formation targets. On this
basis, a depthwise separable convolutional neural network (DSCNN)
method is proposed for formation recognition. A track simulation
system is established to form a track dataset containing three different
proportions of clutter, and the formation extraction method is examined
using track dataset. Subsequently, the image dataset with eight different
types of formation is formulated, on the basis of various detection
errors, the DSCNN method for formation recognition is compared with
several typical deep learning methods. As exposed in experimental
results, the DBSCAN method based on Gaussian kernel can guarantee
accurate extraction of formation targets subject to different proportions
of clutter. Hence, it is greatly robust and capable of effective formation
extraction. Under different radar detection errors, the formation
recognition accuracy of DSCNN is 91.5%-99.5%, which achieves
performance improvement by up to 12.5% compared with other deep
learning methods. The combination of DBSCAN and DSCNN can well
realise formation extraction and recognition with different proportions
of clutter in tracks and various radar detection errors.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0008435384
00001

Ouinka e(eKTUBHOCTI MEpex,
CTIKMX 10 300iB  3B’s3KY, s

Performance  Evaluation of
Disruption Tolerant Networks on

Disruption tolerant networks (DTN) are an evolution of mobile adhoc
networks (MANET) working in scenarios where nodes are sparsely

https://www.webofscience.

com/wos/woscc/full-
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TaKTUYHUX TIOBIOMJICHb OOHOBHX
KopaOimiB 3 METOI 3a0e3IeucHHS
Oe3reky mepenadi JaHuX

Warships' Tactical Messages for
Secure Transmissions.

Falcao, D.; Salles, R.;
Maranhao, P. JOURNAL OF
COMMUNICATIONS AND

NETWORKS. 2021. Volume 23.
Issue 6. Page 473-487.

distributed, with low density, connections are intermittent and end-to-
end infrastructure is not accessible. Therefore, DTNs are recommended
for high latency applications that can last from hours to days. The
maritime scenario has characteristics that would justify the use of DTN
networks, but the concern with data security is also a relevant aspect in
such scenarios. Thus, this paper proposes to evaluate the DTN
approach in the maritime Scenario involving warships and helicopters,
for sending tactical messages, taking into considera-tion security
aspects at the perimeters where contacts occur. We set up a simulation
experiment to compare the performance of Epidemic, Spray and Wait,
and Direct Delivery protocols in three scenarios with different sizes.
We also propose the application of discriminant analysis as a
classification technique to select secure connections to improve the
security of the DTN architecture.

record/ WOS:0007403595
00006

5 Cucrema aBromarnyHoro | Automatic Warship Recognition | Classification of warships plays a critical role particularly in crises and | https://www.webofscience.
pO3Mi3HAaBaHHA BiMCHKOBUX KOpalmiB: | System: Dataset, Feature | war times. While there are several studies in the literature regarding | com/wos/woscc/full-
HaOlp JaHWX, NPEACTaBIeHHS O3HaK | Representation and | classification of civilian ship types, warship classification task is yet | record/ WOS:0005189943
Ta aHai3 Kiacudikarii Classification Analysis. far from maturity, which are significantly more similar to each other | 00134

Kara, YA. 27TH SIGNAL | compared to civilian ships. In this study, we present a dataset and

PROCESSING AND | propose a system that employs automatic classification of warships

COMMUNICATIONS based on their optical images. Histogram of Oriented Gradients (HOG)

APPLICATIONS features extracted from ship images were investigated after several

CONFERENCE. IEEE. 2019. preprocessing steps which are then used in classification with Support
Vector Machines (SVM). A dataset is composed based on images of
particularly similar 9 warship classes that exist in the Turkish Navy
and it has been shown that the proposed approach reaches 83:8%
classification accuracy.

IncTpymenTn

1 Ormmsim: [Jocsrnennst B coepi | A review: Advancement in | Microwave absorbers (MAs) are specially designed structures which | https://www.webofscience.

MOMIMHAYIB  pa;iodyacToTHHX  Ta | metamaterial based RF and | dissipate an incident electromagnetic (EM) wave by converting it into | com/wos/woscc/full-

MiKpOXBIJIBOBAX XBWIb HAa OCHOBI
MeTamarepiaiiB

microwave absorbers.

Jorwal, S.; Dubey, A.; Gupta, R.;
Agarwal, S. SENSORS AND
ACTUATORS A-PHYSICAL.
2023. Volume 354, 114283.

thermal energy and thereby prevents reflection and/ or transmission.
The MAs are extensively in demand due to their property to reduce the
electromagnetic wave interference (EMI) and to enhance
electromagnetic shielding (EMS). MAs are also used in potential
military applications as a stealth technology to design stealth aircrafts,
warships and army clothing etc. due to the reduction of radar cross
section (RCS) of the defense equipment by the absorber coating. In this
review work, study of metamaterial-based MAs, their characteristics
viz. left-handed material property, permittivity and permeability have
been discussed in detail. Metamaterials (MMs) or artificial materials
that play a significant role in reducing the size and thickness of MAs

record/ WOS:0009996568
00001
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depending upon the frequency of operation. In this work, theoretical
background of MM-based absorbers detailing the effect of permittivity
and permeability on absorber performance has also been discussed.
Different applications of absorbers are elaborately covered in this
paper. Furthermore, frequency selective surface (FSS) which is a two-
dimensional array has the capability to reflect or transmit EM wave
completely or partially depending upon the nature of FSS. Therefore,
distinct categories of FSS-based absorbers are discussed according to
the frequency of operation, bandwidth and material specification where
the effect of different design parameters is also critically analyzed. The
objective of this review paper is to provide an exhaustive study of the
unique attributes of MAs having a diverse range of applications for
frequencies ranging from microwave, terahertz upto optical frequency
domain. This review paper is certainly a vital tool for researchers to
accurately understand, explore and work on MA design and selection
as per user defined specific frequency and applications.

[opiBHsiHHA ~ MOXMOKM  KoMIaca
60pTOBOrO CTaHIAapPTHOTO
ripoKOMIIaca, BOJIOKOHHO-ONTHYHOTO
ripokoMraca Ta  CYIyTHUKOBOTO
KoMIaca

The Compass Error Comparison

of an Onboard Standard
Gyrocompass, Fiber-Optic
Gyrocompass  (FOG)  and

Satellite Compass.

Jaskolski, K.; Felski, A.; Piskur,
P. SENSORS. 2019. Volume 19.
Issue 8, 1942.

The aim of the presented research was to analyze the accuracy
indications of three types of compass systems for the purposes of
meeting warship modernization requirements. The authors of this
paper have made an attempt to compare the accuracy of an onboard
standard gyrocompass, a fiber-optic gyrocompass (FOG) and a satellite
compass in real shipping circumstances. The research was carried out
in the Gulf of Gdansk area, during the preparation of hydrographic
surveys on stable courses. Three heading recordings have been taken
into consideration. The helmsman's operation and vessel inertia were
analyzed and removed according to a spectrum analysis. Transient
characteristics and the spectrum analysis (based on the Fourier
transform theory and headings descriptions in the frequency domain)
are presented. Data, processed using a band-stop finite impulse
response (FIR) filter to reduce low-frequency heading distortions, are
presented for further analyses. The statistics of errors of the compasses
investigated, as well as the spectrum of these errors, are also presented.
Based on accuracy measurements, the possibility of using the most
accurate heading data as the input signal to the automatic ship control
system was considered.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004676445
00196

IaTerpoBana MopcbKa HaBiramis B
pexuMmi  peampHOro yacy PPP-
B2b/SINS na ocnoi BDS-3

Real-time marine PPP-
B2b/SINS integrated navigation
based on BDS-3.

Li, M, Chai, HZ.
MEASUREMENT SCIENCE

The BeiDou-3 global navigation satellite system was operated
successfully in July 2020. It broadcasts precise point positioning
(PPP)-B2b signals and provides real-time PPP services free of charge,
which greatly meets the navigation needs of real-time users,
especially warship navigation. This paper first introduces the PPP-
B2b real-time positioning model, and then expounds the two-velocity

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0010238353
00001



https://www.webofscience.com/wos/woscc/full-record/WOS:000467644500196
https://www.webofscience.com/wos/woscc/full-record/WOS:000467644500196
https://www.webofscience.com/wos/woscc/full-record/WOS:000467644500196
https://www.webofscience.com/wos/woscc/full-record/WOS:000467644500196
https://www.webofscience.com/wos/woscc/full-record/WOS:001023835300001
https://www.webofscience.com/wos/woscc/full-record/WOS:001023835300001
https://www.webofscience.com/wos/woscc/full-record/WOS:001023835300001
https://www.webofscience.com/wos/woscc/full-record/WOS:001023835300001

33

Ha3pa nyoaikamii (YKp.)

Jlani npo ny0Jikaniio

AHoranig (aHrju.)

IMocnaanna

AND TECHNOLOGY. 2023.
Volume 34. Issue 10, 105113.

measurement algorithm of Doppler and carrier phase time difference.
Next, it combs the extended Kalman filter (EKF) and factor graph
optimization (FGO) integrated navigation algorithm in detail, and
finally comprehensively evaluates the real-time integrated navigation
performance of PPP-B2b/strapdown inertial navigation system (SINS)
through the measured data at sea. The experimental results show that
the real-time dynamic positioning accuracy of PPP-B2b can reach the
decimeter level, and the positioning accuracy is not significantly
improved when integrated with SINS. Furthermore, dynamic
alignment experiments results show after adding time-differenced
carrier phase and Doppler velocimetry information, the convergence
accuracy of yaw misalignment angle has been greatly improved. The
accuracy of the EKF algorithm is 16.7% higher than that of the FGO
algorithm after the convergence of the yaw angle error.

JlexonyBaHHS pPO3YMOBHX 3YCHIIb Yy
KBa3ipeatiCTHYHOMY creHapii:
JIOCIIIJDKEHHS JOLIJIBHOCTI
MYJIBTUMOIANIBHOIO 00'€IHAHHA Ta
Kinacudikamii JaHux

Decoding Mental Effort in a
Quasi-Realistic  Scenario: A
Feasibility Study on Multimodal
Data Fusion and Classification.
Gado, S.; Lingelbach, K
Wirzberger, M.; Vukelic, M.
SENSORS. 2023. Volume 23.
Issue 14, 6546.

Humans' performance varies due to the mental resources that are
available to successfully pursue a task. To monitor users' current
cognitive resources in naturalistic scenarios, it is essential to not only
measure demands induced by the task itself but also consider
situational and environmental influences. We conducted a multimodal
study with 18 participants (nine female, M = 25.9 with SD = 3.8 years).
In this study, we recorded respiratory, ocular, cardiac, and brain activity
using functional near-infrared spectroscopy (fNIRS) while participants
performed an adapted version of the warship commander task with
concurrent emotional speech distraction. We tested the feasibility of
decoding the experienced mental effort with a multimodal machine
learning architecture. The architecture comprised feature engineering,
model optimisation, and model selection to combine multimodal
measurements in a cross-subject classification. Our approach reduces
possible overfitting and reliably distinguishes two different levels of
mental effort. These findings contribute to the prediction of different
states of mental effort and pave the way toward generalised state
monitoring across individuals in realistic applications.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0010364867
00001

Ilinximx OO0 CHCTEMH  BHSBICHHS
HECHpaBHOCTEH s  omTuMmizarii
3aIIaCHUX YaCTUH 00J1aIHAHHS
OoiioBux  kopaOmiB Ha  OCHOBI

eKCIDTyaTaliiHIX apaMeTpiB

A Fault-Detection  System
Approach for the Optimization
of Warship Equipment
Replacement Parts Based on
Operation Parameters.
Michelena, A.; Lopez, V.; Lopez,
FL; Arce, E.; Garcia, JM;
Suarez-Garcia, A.; Espinosa,
GG; Calvo-Rolle, JL; Quintian,

Systems engineering plays a key role in the naval sector, focusing on
how to design, integrate, and manage complex systems throughout
their life cycle; it is therefore difficult to conceive functional warships
without it. To this end, specialized information systems for logistical
support and the sustainability of material solutions are essential to
ensure proper provisioning and to know the operational status of the
frigate. However, based on an architecture composed of a set of
logistics applications, this information system may require highly
qualified operators with a deep knowledge of the behavior of onboard

https://www.webofscience.

com/wos/woscc/full-
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H. SENSORS. 2023. Volume 23.
Issue 7, 3389.

systems to manage it properly. In this regard, failure detection systems
have been postulated as one of the main cutting-edge methods to
address the challenge, employing intelligent techniques for observing
anomalies in the normal behavior of systems without the need for
expert knowledge. In this paper, the study is concerned to the scope of
the Spanish navy, where a complex information system structure is
responsible for ensuring the correct maintenance and provisioning of
the vessels. In such context, we hereby suggest a comparison between
different one-class techniques, such as statistical models, geometric
boundaries, or dimensional reduction to face anomaly detection in
specific subsystems of a warship, with the prospect of applying it to
the whole ship.

MarepiaJjio3HaBCTBO

1

Cuneprernunuii  edekr rpadenoBoi
HAHOIUIACTUHU Ta KapOOHI30BAHOTO
BONOKHAa JrOpU Ha e(eKTUBHICTh
eJIEKTPOMAarHiTHOr O eKpaHyBaHHS
KOMIIO3UTIB Ha OCHOBI momiedip-
edip-KeToHy

Synergistic effect of graphene
nanoplate and carbonized loofah
fiber on the electromagnetic
shielding  effectiveness  of
PEEK-based composites.

Li, ST; Li, WC; Nie, J.; Liu, DY;
Sui, GX. CARBON. 2019.
Volume 143. Page 154-161.

Graphene nanoplate (GNP)/carbonized loofah fiber (CLF)/polyether-
ether-ketone (PEEK) composites were fabricated by compressive
moulding technology. A three-dimensional multi-interface conductive
network of CLF and GNP within the matrix was observed under
scanning electron microscope. The combination of CLF and GNP
improve the electromagnetic shielding performance of composites in
the X-band region. The average total shielding effectiveness of the
composite reached 27.1 dB at the addition of 9 wt% CLF. The
electromagnetic shielding performance of the composites is
significantly improved due to the gradual formation of the conductive
network structured with CLF and GNP. The shielding mechanism of
composites is dominated by absorption, due to the contribution of
absorption to shielding effectiveness is much greater than that of the
reflection. Furthermore, the composites exhibit prominent mechanical
property and thermal stability, which the compressive strength and
modulus of GNP/ CLF/PEEK composite with 3 wt% CLF loading
reaches 114.6 MPa and 0.71 GPa and the temperature of all composites
reaches 550 degrees C at 10% mass loss. The results indicate that the
composite material shows potential applications in extremely harsh
environments such as aerospace, warships, and special devices as
structural and functional integrated materials.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004567105
00017

Turan y murtux cmmaBax Cu-Sno -
orsiz

Titanium in Cast Cu-Sn Alloys-
A Review.

Manu, K.; Jezierski, J.; Ganesh,
MRS; Shankar, KV; Narayanan,
SA. MATERIALS, 2021.
Volume 14. Issue 16, 4587.

The article reviews the progress made on bronze alloys processed
through various casting techniques, and focuses on enhancements in
the microstructural characteristics, hardness, tensile properties, and
tribological behaviour of Cu-Sn and Cu-Sn-Ti alloys. Copper and its
alloys have found several applications in the fields of automobiles,
marine and machine tools specifically for propellers in submarines,
bearings, and bushings. It has also been reported that bronze alloys are

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006894004
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especially used as an anti-wear and friction-reducing material to make
high performance bearings for roller cone cock bits and warships for
defence purposes. In these applications, properties like tensile strength,
yield strength, fatigue strength, elongation, hardness, impact strength,
wear resistance, and corrosion resistance are very important; however,
these bronze alloys possess only moderate hardness, which results in
low wear resistance, thereby limiting the application of these alloys in
the automobile industry. The major factor that influences the properties
of bronze alloys is the microstructure. Morphological changes in these
bronze alloys are achieved through different manufacturing techniques,
such as casting, heat treatment, and alloy addition, which enhance the
mechanical, tribological, and corrosion characteristics. Alloying of Ti
to cast Cu-Sn is very effective in changing the microstructure of bronze
alloys. Reinforcing the bronze matrix with several ceramic particles
and surface modifications also improves the properties of bronze
alloys. The present article reviews the techniques involved in changing
the microstructure and enhancing the mechanical and tribological
behaviours of cast Cu-Sn and Cu-Sn-Ti alloys. Moreover, this article
also reviews the industrial applications and future scope of these cast
alloys in the automobile and marine industries.

ExcniepuMeHTanbHuil Ta 4YHUCIOBUN
aHaJi3 JTUHAMIYHOI peakiii ceHJBiu-
TaHeni 3 rpayioBaHoro

MOMIBIHIJIXJIODHIHOTO  BCIIIHEHOT'O
Marepiany iz yIapHUM
HABAHTAXKCHHSM

Experimental and numerical
analysis of dynamic response of
graded PVC foam sandwich
panel under impact load.

Yang, LP; Li, XY; Yang, LH; Lu,

J.; Wang, ZY;, Yang, JS.
MECHANICS OF ADVANCED
MATERIALS AND

STRUCTURES. 2022. Volume
29. Issue 26. Page 5567-5578.

Polyvinyl chloride (PVC) foam sandwich panels have a wide
application prospect in the field of warship impact protection due to
the low moisture absorption, low density, excellent energy
consumption and chemical resistance of PVC foam. The dynamic
response of layered density-graded PVC foam sandwich panel under
impact load was experimentally and numerically investigated here. A
three-layer PVC foam sandwich specimen was designed and
fabricated. The graded strategy of foam core was achieved by setting
various foam layers with different densities. A large-diameter split-
Hopkinson pressure bar device was used to perform the experimental
study. The effect of density-graded strategy of foam core on the
transmitted force, transmitted impulse and energy absorption were
discussed. The software ANSYS/LS-DYNA was used to simulate the
dynamic impact test of the foam sandwich structure. The simulation
results are in good agreement with the experimental results. The results
reveal that, the order of the core layer of density-graded sandwich panel
has little effect on the impact resistance of the structure, while the
impact resistance can be improved by increasing the density difference
between foam layers. The uniform configuration UD has the largest
impact force and the most specific energy absorption, while the large
gradient configuration large gradient configuration has the smallest

https://www.webofscience.
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00001



https://www.webofscience.com/wos/woscc/full-record/WOS:000681250400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000681250400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000681250400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000681250400001

36

Ha3pa nyoaikamii (YKp.)

Jlani npo ny0Jikaniio

AHoranig (aHrju.)

IMocnaanna

transmitted impulse under various impact velocities of the projectile.
Thus, large gradient configuration has better protection effect.

4 MonentoBaHHS B'SI3KONPYKHOL
KOre3iifHOi 30HW I pydHyBaHs II
THUITY MIX NTQJINBOM Ta 130JISIIi€10

Viscoelastic  cohesive  zone
modeling for mode II fracture
between propellant and
insulation.

Cui, HR. INTERNATIONAL
JOURNAL OF ADHESION

The performance of debonding interface between the solid propellant
and insulation in the solid rocket motor which on the warship is a
function of time that depends on the time regime chosen to elicit it. In
this paper, a new time dependent cohesive zone model (CZM) is
introduced with N Maxwell models which are connected in parallel and
let the input, time independent traction transform into the time
dependent one. Stretch test with constant velocity, cyclic loading and
relaxation test were applied in a simple 2D cohesive element. The
acquisition of the model parameters was introduced by Single lap-
joints (SLJ) test. A semi-section of vertical storage motor was modeled
and analyzed considering the debonding interface between the solid
propellant and insulation under a set of regular and irregular waves.
The introduced time dependent CZM and the results of the integrity
analysis are useful and meaningful for further research on vertical
storage solid rocket motor.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007756363
00005

5 JociimkeHHst BiOpaliifHOT TOBEAIHKU
TEepTS Tapu  KUIbLE-KONOAKA 3
TYMOBOIrO Marepiany MiAIIMIHAKA 3
BOJHUM 3MAIIECHHAM B OCOOJIMBHX
YMOBax eKCILTyaTarii

AND ADHESIVES. 2022.
Volume 114, 103118.
Research on the Vibration

Behavior of Ring-Block Friction
Pair Made of Materials of Water-
Lubricated Rubber Bearing
under Special Operating
Conditions.

Zhang, ZJ; Zhou, GW; Li, P; Du,
LL; He, M. APPLIED
SCIENCES-BASEL. 2023.
Volume 13. Issue 13, 7676.

A water-lubricated rubber bearing (WLRB) is prone to generate
frictional vibration noise under special operating conditions, which
seriously affects the acoustic stealth performance of warships and
threatens their navigation safety. Meanwhile, the main factor affecting
the frictional vibration behavior of a WLRB is the materials of the
friction pair. Therefore, this work selects a friction pair composed of a
copper ring and a rubber block as the research object and studies the
frictional vibration behavior of the ring-block friction pair under low-
speed and starting conditions. The real friction coefficient curve is used
to establish a transient dynamic finite element analysis model for the
ring-block friction pair. The effects of the load, friction coefficient, and
Young's modulus on the frictional vibration behavior under special
operating conditions are studied. The analysis's results show that the
frequency of the medium-high frequency friction-induced vibration
disappears under low-speed operating conditions when the friction
coefficient is below 0.1. During the startup process, even if the friction
coefficient is very low, the medium-high frequency friction-induced
vibration still exists. The research results provide ideas for future
theoretical research and guidance suggestions for engineering practice.

https://www.webofscience.
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00001
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Kpemniepa ¢doronHo-enexTpoHHa | A silicon photonic-electronic | In optical communication systems, fibre nonlinearity is the major | https://www.webofscience.
HelipoHHa Mepeka Juisg KomneHcamii | neural network for  fibre | obstacle in increasing the transmission capacity. Typically, digital | com/wos/woscc/full-
HEJIHIHHOCTI BOJIOKOH nonlinearity compensation. | signal processing techniques and hardware are used to deal with optical | record/ WOS:0007214495

Huang, CR; Fujisawa, S.; de
Lima, TF; Tait, AN; Blow, EC;
Tian, Y.; Bilodeau, S.; Jha, A.;
Yaman, F.; Peng, HT. NATURE
ELECTRONICS. 2021. Volume
4. Issue 11. Page 837-844.

communication signals, but increasing speed and computational
complexity create challenges for such approaches. Highly parallel,
ultrafast neural networks using photonic devices have the potential to
ease the requirements placed on digital signal processing circuits by
processing the optical signals in the analogue domain. Here we report
a silicon photonic-electronic neural network for solving fibre
nonlinearity compensation in submarine optical-fibre transmission
systems. Our approach uses a photonic neural network based on
wavelength-division multiplexing built on a silicon photonic platform
compatible  with  complementary  metal-oxide-semiconductor
technology. We show that the platform can be used to compensate for
optical fibre nonlinearities and improve the quality factor of the signal
in a 10,080 km submarine fibre communication system. The Q-factor
improvement is comparable to that of a software-based neural network
implemented on a workstation assisted with a 32-bit graphic processing
unit. A neural network platform that incorporates photonic components
can be used to predict optical fibre nonlinearities and improve the
signal quality of submarine fibre communications.

00005

ExcriepuMeHTH Ta OOGYHCITIOBATIBHA
TiIpoJMHAMIKA JUIS CITiy 32 TBUHTOM
THUIIOBOIO IIiBOAHOIO 4YOBHA,
TMpaIfoe TOOIN3y OBEPXHIi

10

Experiments and CFD for the
propeller wake of a generic
submarine operating near the
surface.

Wang, LZ; Martin, JE; Felli, M.;
Carrica, PM. OCEAN
ENGINEERING. 2020. Volume
206, 107304.

An experimental and computational fluid dynamics (EFD and CFD)
study of the appended notional submarine DARPA Suboff fitted with
the 7-bladed E1658 propeller and operating near the free surface is
presented. The flow measurements were taken using particle image
velocimetry with a multi-camera configuration in the Large Free
Surface Cavitation Channel at INM. Single-phase level set numerical
simulations with an overset approach were performed for three advance
coefficients (J = 0.5, 0.65, 0.82) at three shaft depths (z/D =1, 1.5, 2).
The results reveal that the presence of the hull and the interaction with
the free surface strongly affect the inflow and wake of the propeller,
producing higher local advance coefficient and blade loads near the
surface. Strong free surface fluctuations at small shaft depth also cause
instability and breakdown of the propeller tip vortices in the near field.
CFD simulations show elliptic instability before vortex breakdown.
Comparison between CFD with EFD shows that CFD matches overall
trends well, mainly for the phase-averaged flow field, but underpredicts
wake fluctuations and thus displays more coherent phase-averaged
vorticity. In addition, CFD results also underpredict tip vortex strength
and predicts vortex instabilities farther downstream from the propeller
plane due to the unresolved upstream turbulence.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005328342
00018
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UucenbHe pociikeHHs MexaHizmy | Numerical investigation on noise | For ships, the stealth performance is an important indicator of its | https://www.webofscience.
3HIDKCHHS MmyMy 3y0dactoi 3amboi | reduction mechanism of serrated | vitality. It is extremely important to study the noise reduction of ship | com/wos/woscc/full-

KpPOMKH, BCTQHOBJICHO1 Ha
HOBiTpOHpOBOI[i HACOCHOI'0 CTPYMCH:

trailing edge installed on a pump
jet duct.

Sun, Y.; Liu, W.; Li, TY. OCEAN
ENGINEERING. 2019. Volume
191, 106489.

propulsions. In this work, pump-jet propulsion with a DARPA
Suboff submarine was taken as the investigated object. The trailing
edge of its duct was transformed with some serrations, and its noise
reduction effect was studied. Large Eddy Simulation (LES) method
was utilized to predict the hydrodynamic performance of the pump-jet
propulsion. Then the FW-H acoustic model was added into the noise
performance simulation after the flow stabilization. After the
installation of the serrated trailing edge, the propulsion Sound Pressure
Level (SPL) changes were observed. According to the contributions of
different parts to the noise intensity and the vortex field changes, the
noise reduction effect was analyzed. The results indicate that not only
the propulsion noise radiation but also the noise reduction effect is
directional. Due to the larger noise contribution of the duct, the serrated
trailing edge has a better effect in the radial direction. In addition,the
circumferential correlation of the duct vortex is broken by the
serrations, the large vortices are divided into several small ones, and
the vortex diffusion is accelerated.

record/ WOS:0005028881
00028

Camoxianuit pyx THIIOBOT'O
ITiIBOJIHOTO YOBHA MOOJIHM3Y TOBEPXHIi
y CHOKIiHIN BOJI Ta 32 YMOB XBHJIb

Near-surface self propulsion of a
generic submarine in calm water
and waves.

Carrica, PM; Kim, Y.; Martin,
JE. OCEAN ENGINEERING.
2019. Volume 183. Page 87-105.

We present a study of the response of the generic Joubert BB2
geometry self-propelled near the free surface, using a dynamic overset
methodology with discretized propeller and control surfaces. A grid
study was performed for sail top depth 0.702 m. Even keel simulations
at depths ranging from -6.9 m to 40 m were conducted in calm water
and regular waves representative of sea state 2 to 7. An autopilot acting
on sail and tail planes, ballast and trim tanks was used to simulate
controlled self-propulsion at several depths in calm water and waves.
The even keel study shows that near surface operation causes
considerable vertical forces and pitching moments, and an increase in
required propeller thrust to achieve self-propulsion, decreasing
efficiency. The boat responds to waves mainly through the added mass
forces produced by the wave-induced velocity field, causing an
exponential decay of the wave influence with depth and with
decreasing wave amplitude. In controlled free running simulations very
near the surface the boat responds to the forces observed in even keel,
requiring compensation through the trim tanks to prevent high bow
down pitch. Hull/free surface interaction causes fluctuations in the
wake, resulting in a broadband response of propeller thrust.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004790257
00007

TOCIIKEHHS
3MaIyBaHHI

ExcniepumeHTanbHe
Tepexoy  PEeXHUMIB

Experimental research on the
interface lubrication regimes

This paper aims to experimentally investigate the influences of surface
topography and operating conditions on lubrication regimes transition
of water lubricated bearing in submarine. Simulations are also

https://www.webofscience.

com/wos/woscc/full-
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inTepdeiicy T ATUITHHKA, 1o
3MAIIy€eTHCS BOAOO

transition of water lubricated

bearing.
Xie, ZL; Liu, HL.
MECHANICAL SYSTEMS

AND SIGNAL PROCESSING.
2020. Volume 136, 106522.

performed under the same settings and operating conditions. The
calculated and experimental results agree well. Effects of surface
roughness, external loads, radial clearances, the acceleration and
deceleration process on the lubrication regimes transition are further
investigated. Characteristic parameters of the lubrication regimes
transition are summarized. Reasonable explanations are given to
illustrate the results as well as the relative errors. It has certain guiding
significance for further step investigation on influences of surface
topography on lubrication regimes transition of such bearings.

record/ WOS:0005290836
00049

Oxeanorpadis

1

YucenbHi  TOCTIKCHHS MOBEIIHKH
BEUKUX JehopMariil KijgblenonaioHo
i IKpirIeHoT WJT HPUYHOT
00OJIOHKH, 110 I IA€THCS
HiJBOJHOMY BHOYXY

Numerical investigations on the
large deformation behaviour of
ring stiffened cylindrical shell
subjected to underwater
explosion.

Praba, RPS; Ramajeyathilagam,
K. APPLIED OCEAN
RESEARCH. 2020. Volume
101. 102262.

Ring stiffened cylindrical shells find wide applications in marine
vehicles such as submersibles, submarine, autonomous underwater
vehicles (AUV) and torpedoes. The  structures used
for military applications are susceptible to shock loadings from an
underwater explosion. It is imperative to understand the shock damage
mechanism of such structures to design for survivability. The problem
is quite complex involving explosive-fluid interaction, fluid-structure
interaction, material, geometric nonlinearity and strain rate effects. In
this paper, an attempt has been made to study the shock response of a
ring stiffened cylindrical shell of length 1000 mm, diameter 600 mm
and thickness 6 mm shock tested using small explosive charge of 70
gm PEK . The numerical study is performed using LS-DYNA finite
element code considering the fluid-structure interaction, strain rate
effects, geometric and material nonlinearity. The stiffened cylinder
under consideration is modelled using Belytschko-Tsay shell element
and the fluid and explosive using Eulerian solid element. The explosive
is modelled using JWL equation of state, the fluid using Gruneisen
equation of state and the stiffened cylinder fluid interaction using ALE
coupling. The permanent deformation obtained from the numerical
study compares well with experimental results within 5% accuracy.
Subsequently, parametric investigation has been carried out for various
charge weights with different cylindrical shell thickness and the results
of permanent deformation, effective plastic strain are presented.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005646600
00004

ExcniepumMeHTaIbHUIA aHami3
BiOpamiii, BUKIHKAHHUX TEPTAM ¥
I IIIUITHAKAX 3 BOASHUM 3MAaIeHHAM
Yy TiABOMHIN pYyWIiAHIA yCTaHOBII
M IBOIHOTO YOBHA

Experimental ~ analysis  on
friction-induced vibration of
water-lubricated bearings in
a submarine propulsion system.
Qin, HL; Yang, C.; Zhu, HF; Li,
XF; Li, ZX; Xu, X. OCEAN

Abnormal vibration and noise, originated from friction and wear, are
often found in water-lubricated stern-tube bearings, which seriously
threatens the safety and concealment of underwater vehicles. In order
to better understand the friction-induced vibration in water-lubricated
stern-tube bearings, friction pairs of rubber specimens matched with
ZQSn10-2 brass were tested on the water-lubricated bearing test rig
SBB-100. A high-speed camera was used to track the micro images that

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005281885
00014



https://www.webofscience.com/wos/woscc/full-record/WOS:000529083600049
https://www.webofscience.com/wos/woscc/full-record/WOS:000529083600049
https://www.webofscience.com/wos/woscc/full-record/WOS:000564660000004
https://www.webofscience.com/wos/woscc/full-record/WOS:000564660000004
https://www.webofscience.com/wos/woscc/full-record/WOS:000564660000004
https://www.webofscience.com/wos/woscc/full-record/WOS:000564660000004
https://www.webofscience.com/wos/woscc/full-record/WOS:000528188500014
https://www.webofscience.com/wos/woscc/full-record/WOS:000528188500014
https://www.webofscience.com/wos/woscc/full-record/WOS:000528188500014
https://www.webofscience.com/wos/woscc/full-record/WOS:000528188500014

40

Ha3pa nyoaikamii (YKp.)

Jlani npo ny0Jikaniio

AHoranig (aHrju.)

IMocnaanna

ENGINEERING. 2020. Volume
203, 107239.

focused on of the rubber layer vibration motion, while a machine vision
technique also was employed to extract the friction-induced vibration
of the test bearings. The experimental analysis results demonstrate that
the bearing vibration was mainly induced by stick-slip. Furthermore,
the orthogonal experiment method was used to distinguish the key
factors that induce the bearing vibration among rotating speed, contact
pressure, rubber layer hardness and thickness, and Ilubrication
condition. The analysis results indicate that the importance of factors
is sorted in the order of lubrication condition, contact pressure,
hardness and thickness of rubber layers. In normal lubrication
condition, the intensity of friction-induced vibration of the rubber
bearings can be reduced by increasing the hardness of the rubber layer,
decreasing the contact pressure, and the thickness of the rubber layer.

YucenbHe IOCHIIKEHHSA
MOTOKY HaBKOJIO MOZEII
SUBOFF

CTPYKTYP
DARPA

Numerical investigation of flow
structures around the DARPA
SUBOFF model.

Qu, Y.; Wu, Q.; Zhao, X.; Huang,
BA; Fu, XY; Wang, GY. OCEAN
ENGINEERING. 2021. Volume
239, 109866.

A large eddy simulation (LES) of a fully appended SUBOFF model
was performed by the Boundary Data Immersion Method (BDIM) with
the Reynolds number of 1.2 x 10(7). Numerical simulation is carried
out through Fortran-based code and the geometric structure used in this
paper is an idealized submarine (DARPA SUBOFF, with
appendages). The computational uniformly distributed orthogonal
grids consist of approximately 108 million nodes and are used to
capture all essential flow structures. The pressure coefficients and
streamwise velocity distribution obtained by the large-eddy simulation
(LES) are in good agreement with the experimental data. The objective
of this paper is to evaluate the ability of BDIM to predict the flow over
axisymmetric hull, to investigate the evolution of the junction and tip
flows on the body of the SUBOFF. Three different types of large-scale
vortex structures were found around the sail, including horseshoe
vortex, hairpin vortex and necklace vortex. The different vortex
identification methods, namely, omega criterion, Q criterion and Liutex
method, are used to capture and analyze the formation mechanism of
various vortex structures. Meanwhile, by extracting the rotation and
shear relative parameter epsilon around the sail, it can be found that the
rotation is dominant in the vortex distribution profile.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007028293
00004

YucenbHe TOCIIDKEHHS
KaBiTalliHOTO IIIYMY BEPXiBKOBO-
BHUXPOBHX TBHHTIB ITiJJBOTHIX YOBHIB
3 BHUKOPHUCTaHHAM ribpumHOTrO
00YHUCITIOBATTBHOTO TiAPOaKyCTUIHOTO
T IXOmy

Numerical investigation of tip-

vortex cavitation noise
of submarine propellers  using
hybrid computational hydro-

acoustic approach.
Ku, G.; Cho, J.; Cheong, C.;
Seol, H. OCEAN

In this study, the hybrid computational hydro-acoustics (CHA) method
is applied to predict hydrodynamic noise due to tip vortex cavitation
(TVC) of underwater submarine propellers. The hybrid CHA
approach consists of two sequential methods: Delayed Detached Eddy
Simulation (DDES) technique with adaptive mesh refinement method
and the Ffowcs Williams and Hawkings (FW-H) equation. The former
is utilized for accurate prediction of TVC of underwater propellers, and
the latter is used for efficient prediction of hydro-acoustic pressure due

https://www.webofscience.

com/wos/woscc/full-
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ENGINEERING. 2021. Volume
238, 109693.

to cavitating flow. The target submarine and propeller are the DARPA
suboff submarine and two high skew propellers with skew angles of
17 and 38 degrees. The propellers are designed to investigate the effects
of skew angle on TVC and its noise. The corresponding experiments
are performed in the Large Cavitation Tunnel (LCT) of the Korea
Research Institute of Ships and Ocean Engineering (KRISO). The two
preliminary simulations are carried out to confirm the close
reproduction of the experimental conditions in the main simulations.
First, the flow through the LCT test section is simulated to confirm the
accurate reproduction of the wall boundary layer. Its validity is
confirmed by comparing the predicted boundary layer profiles with the
measured results. Second, the flow over the DARPA
suboff submarine without a propeller in the LCT test section is
simulated to confirm the accurate prediction of the inflow distortion
originating from the boundary layer flow of the submarine body. Its
validity is also confirmed by comparing the predicted nominal wake
field with the measured one. After the close reproduction of these two
effects is confirmed, the cavitating flow of the propellers installed to
the DARPA suboff submarine body is simulated by using the DDES
technique combined with adaptive mesh refinement, and the TVC
noise is predicted by applying the quadrupole-corrected FW-H
equation to the surfaces enclosing the propellers. The predicted TVC
of the propeller closely follows the measured one. The numerical and
experimental results capture the TVC induced by the wake flows due
to the submarine body's rudders and sail. The predicted hydro-
acoustic pressure spectra due to the propellers' cavitating flow also
show excellent agreements with the predicted ones. Besides, both the
numerical and experimental results confirm that the lower noise is
generated by the propeller with a higher skew angle.

BusiBneHHs HecipaBHOCTEH Ha OCHOBI
M IBOIHUX
JIBUTYHIB 3 MarHiTHAM 3B'SI3KOM Ta ix
3aCTOCYBaHHS y MiJBOJHUX YOBHAX

CIIOCTEPEIKECHHSA JII

tuny «L3s10myn»

Observer-based fault detection
for magnetic coupling
underwater  thrusters  with
applications in jiaolong HOV.
Chu, ZZ; Chen, YS; Zhu, DQ;
Zhang, MJ. OCEAN
ENGINEERING. 2020. Volume
210, 107570.

This study proposed an observer-based fault detection method for
magnetic coupling underwater thrusters. To improve the accuracy of a
thruster system model, a modeling identification method based on local
recurrent neural networks was proposed, which can be described using
state space equation. The algorithm for selecting model parameters was
obtained by constructing a nonlinear constrained optimization model.
Based on an identification model, a sliding mode observer was
developed and employed for online fault reconstruction. Compared
with traditional analytical-model-based thruster fault diagnosis
methods, the proposed method can determine the fault cause to
improve the submarine safety. The proposed method was validated
based on the data of Jiaolong human occupied vehicle (HOV).

https://www.webofscience.
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1 Ormsn miaxoziB Ha ocHOBI TimbOokoro | A Review on Deep Learning- | Underwater acoustics has been implemented mostly in the field of | https://www.webofscience.
HABYAHHS JUTST aBToMatnyHOro | Based Approaches for Automatic | sound  navigation and  ranging  (SONAR)  procedures | com/wos/woscc/full-
pO3Ti3HABAHHS uineit | Sonar  Target  Recognition. | for submarine communication, the examination of maritime assets | record/ WOS:0005935248
T1IPOIOKATOPOM Neupane, D, Seok, J. | and environment surveying, target and object recognition, and | 00001

ELECTRONICS. 2020. Volume
9. Issue 11, 1972.

measurement and study of acoustic sources in the underwater
atmosphere. With the rapid development in science and technology, the
advancement in sonar systems has increased, resulting in a decrement
in underwater casualties. The sonar signal processing and automatic
target recognition using sonar signals or imagery is itself a challenging
process. Meanwhile, highly advanced data-driven machine-learning
and deep learning-based methods are being implemented for acquiring
several types of information from underwater sound data. This paper
reviews the recent sonar automatic target recognition, tracking, or
detection works using deep learning algorithms. A thorough study of
the available works is done, and the operating procedure, results, and
other necessary details regarding the data acquisition process, the
dataset used, and the information regarding hyper-parameters is
presented in this article. This paper will be of great assistance for
upcoming scholars to start their work on sonar automatic target
recognition.

XapakTepucTUKa Ciligy 3a TBHHTOM
MBOMHOTO YOBHA 3a JOMNOMOIOO
MOJIEIIIOBAaHHS BEIUKHX BUXPIB

Characterization of the wake of
a submarine propeller via Large-
Eddy simulation.

Posa, A.; Broglia, R.; Felli, M.;
Falchi, M.; Balaras, E.
COMPUTERS & FLUIDS.
2019. Volume 184. Page 138-
152.

Results of large-eddy simulations of a submarine propeller in open-
water (isolated) configuration are presented for three load conditions.
An immersed boundary approach is adopted to handle the rotating
geometry of the propeller within a stationary cylindrical grid composed
of about 840 million nodes. Direct comparisons with Particle Image
Velocimetry experiments conducted in parallel demonstrate that the
simulations reproduce the wake very accurately. In particular the wake
dynamics are mainly dominated by tip and hub vortices. Strong
structures are also shed in the near wake from the suction side of the
propeller blades, correlating with local maxima of turbulent kinetic
energy. However, they are not a long standing feature of the propeller
wake. In contrast, helical structures originating form the root of the
propeller blades are more persistent and their footprint is still visible
few propeller diameters downstream. We verified that load conditions
affect substantially both hub vortex and tip vortices. In a similar way,
for increasing loads turbulent kinetic energy experiences a faster
growth at the wake axis, populated by the hub vortex, compared to the
outer radii, dominated by the tip vortices. Also, the evolution of
turbulent kinetic energy at the outer edge of the wake is not monotonic,
in contrast with that in the wake core, due to mutual interaction and
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associated shear between tip vortices and the wake of the following
blades.

ABTOMaTMYHE BU3HAYEHHS  THIIB
uudpoBoi  MoaymAUii 3 PiI3HUMH
LIyMaMy 3a JOIOMOIOI 3TOPTKOBOI
HEWpOHHOI MeperKi Ha OCHOBI 4aCOBO-
4acTOTHOI 1HpopMarii

Automatic  determination  of
digital modulation types with
different noises using
Convolutional Neural Network
based on time-frequency
information.

Daldal, N.; Cémert, Z.; Polat, K.
APPLIED SOFT
COMPUTING. 2020. Volume
86, 105834.

In this study, a novel digital modulation classification model has been
proposed for automatically recognizing six different modulation types
including amplitude shift keying (ASK), frequency shift keying (FSK),
phase-shift keying (PSK), quadrate amplitude shift keying (QASK),
quadrate frequency shift keying (QFSK), and quadrate phase-shift
keying (QPSK). The determination of modulation type is significant
in military communication,  satellite =~ communication  systems,
and submarine communication. To classify the modulation types, we
have proposed a two-stage hybrid method combining short-time
Fourier transform (STFT) and convolutional neural network (CNN). In
the first stage, as the data source, the time-frequency information from
these modulation signals have been extracted with STFT. This
information has been obtained as 2D images to feed the input of the
CNN deep learning method. In the second stage, the obtained 2D time-
frequency information has been given to the input of the CNN
algorithm to classify the modulation types. In this work, noises at
various SNR values from 0 dB to 25 dB were created and added to the
modulated signals. Even in the presence of noise, the proposed hybrid
deep learning model achieved excellent results in the noised-
modulation signals. (C) 2019 Elsevier B.V. All rights reserved.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005033882
00027

MonemntoBaHHs ~ BEIMKHX — BHXIB!
JOCITI/DKEHHST XapaKTEepUCTUK CIiTy
TBUHTA 32 HASIBHOCTI KepMa HAIPSIMKY
BUILE 3 TEUi€I0

LES study of the wake features
of a propeller in presence of an
upstream rudder.

Posa, A.; Broglia, R.; Balaras, E.
COMPUTERS & FLUIDS.
2019. Volume 192, 104247.

Large-Eddy Simulations were carried  out on a
notional submarine propeller in presence of a disturbance at the
inflow, associated to the wake of an upstream hydrofoil, mimicking a
rudder. Three orientations of the hydrofoil were simulated, equivalent
to angles of incidence of alpha = 0 degrees, alpha = 10 degrees and
alpha = 20 degrees, respectively. Results were also compared with the
open-water configuration, featuring the same propeller in isolated
conditions. Present computations demonstrate that the topology of the
largest coherent structures, that are the tip vortices and the hub vortex,
is practically unchanged across the three cases with different inflow
perturbations. In the near wake, for alpha = 0 degrees and alpha = 10
degrees turbulent fluctuations within the propeller wake were increased
only locally, at the azimuthal positions corresponding to the wake of
the hydrofoil. In contrast, for alpha = 20 degrees. featuring separation
over the suction side of the hydrofoil and thus a wider disturbance at
the propeller inflow, turbulence within the core of the tip vortices was
affected also at azimuthal positions away from the ingested
perturbation. For the same condition also the wake axis demonstrated
a stronger destabilization of the hub vortex, compared to the cases with

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005039097
00013
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milder disturbances, with about a four fold increase of turbulent kinetic
energy, relative to the open-water condition. Downstream of the
destabilization of the wake system, increasing values of turbulent
kinetic energy were associated to growing incidence angles of the
upstream hydrofoil.

IlentpanizoBane B3IUTTA JaHUX Ha
OCHOBI B3a€MOJIIT KIJILKOX Mojesei Ta
ajantuBHoro ¢insrpa Kammana s
BIICTEXKEHHS IWiJeH Yy MiJBOIHUX
AKyCTHYHUX CEHCOPHUX MEpexax

Centralized Fusion Based on
Interacting Multiple Model and
Adaptive Kalman Filter for
Target Tracking in Underwater
Acoustic Sensor Networks.

Qiu, J.; Xing, ZR; Zhu, CS; Lu,
KF; He, JL; Sun, YB; Yin, LH.
IEEE ACCESS. 2019. Volume 7.
Page 25948-25958.

Underwater acoustic sensor networks (UASNs) play an important role
in the ocean's protection. They can realize real-time data collection,
monitoring, exploration, and many other underwater applications by
connecting and coordinating seafloor sensors and underwater vehicles.
To achieve these application objectives, such as fishes tracking in
biological monitoring field and submarines tracking in military field,
target tracking is one of the key techniques. This paper presents a
centralized fusion algorithm based on the interacting multiple models
and the adaptive Kalman filter (IMMCFAKF) for target tracking in
UASN:Ss. Specifically, by introducing an adaptive forgetting factor into
the optimal centralized fusion Kalman filter algorithm, the optimal
centralized fusion adaptive Kalman filter (CFAKF) algorithm is
obtained first. Then, combining the superiorities of both the optimal
CFAKF algorithm and the conventional IMM algorithm, the optimal
IMMCFAKEF is achieved. The numerical simulations are provided to
demonstrate the effectiveness of the proposed optimal IMMCFAKF
algorithm.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004612535
00001

CucremMu aBTOMaTH30BaHOIO YIIPABJIIHHA
1 Yeynennss nomytHiHHS migBogHoro | Underwater image dehazing | Accurate underwater imaging is a challenging task. Unlike regular | https://www.webofscience.
300paskeHHs 3a noromororo | using global color features. | photography, visibility underwater is drastically hazed by water | com/wos/woscc/full-
[I00AJIBHUX KOMIPHUX O3HAK Alenezi, F.; Armghan, A.; | molecules and suspended particles distorting light rays and causing | record/ WOS:0008697474
Santosh, KC. ENGINEERING | differential absorption of different wavelengths of color. Existing | 00001
APPLICATIONS OF | research produces well-adjusted but not perfect results. In this work,

ARTIFICIAL INTELLIGENCE.
2022. Volume 116, 105489.

we present a novel method that dehazed underwater images by
estimating global background light based on the optimal eigenvalues
of a matrix constructed from three components: (1) gradient of the
pairwise wavelength of color channels (blue-red (br), blue-green (bg),
and green-red (gr)) (2) gradient of the wavelength of color channels,
and (3) the color channels themselves. We estimate transmission maps
via scene depth by exploiting the difference in absorption of the
different color channel wavelengths. The proposed technique is
executed by augmenting UWCNN (Under-Water CNN) with graph-cut
theory. The resultant dehazed images successfully show greatly
improved color. The proposed results outperform the existing methods
in terms of entropy, UIQMn,m, UICM, UISM, and UCIQE. These
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improvements will provide stronger imaging tools to domains
like submarine search and rescue, navigation, oceanography, and
mapping. There is room for future research because our process slightly
darkens images which leads to marginally lower UIConM values.
Future study can also further evaluate the effect of color channels while
assuming pixels with the highest intensity are used as the global
ambient light.

MonentoBaHHS, iMiTarist Ta
KEpYBaHHS MaHEBPYBaHHSIM THUIIOBOTO
I IBOTHOTO YOBHA

Modeling,  simulation  and
maneuvering control of a
generic submarine.

MacLin, G.; Hammond, M
Cichella, V.; Martin, JE.
CONTROL ENGINEERING

PRACTICE. 2024. Volume 144,
105792.

This work introduces two multi-level control strategies to address the
problem of guidance and control of underwater vehicles. An outer-loop
path-following algorithm and an outer-loop trajectory tracking
algorithm are presented. Both outer-loop algorithms provide reference
commands that enable the generic submarine to adhere to a three-
dimensional path, and both use an inner-loop adaptive controller to
determine the required actuation commands. Further, a reduced order
model of a generic submarine is presented. Computational fluid
dynamics (CFD) results are used to create and validate a model that
includes depth dependence and the effect of waves on the craft. Results
from the reduced order model for each control strategy are compared.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:00114514730
0001

Bussinends — kinpkox — migsomuux | Multi-Submarines Detection | Submarines and underwater automatic vehicles (UAV) are becoming | https://www.webofscience.
YOBHIB 3a nonomoroto | Using Multistatic Sonar System. | better at concealing themselves by reducing noise. There is strong | com/wos/woscc/full-
MYIBTUCTaTHYHOI  TigponokaniiHoi | Song, RP; Esmaiel, H.; Sun, HX; | necessity to detect enemy submarines and UAVs timely in protecting | record/ WOS:0006177641
CHCTEMH Qi, J.; Zhang, H.; Zhou, MZ. | the maritime border. Active sonar has been used to detect enemy | 00330
PROCEEDINGS OF 2020 IEEE | submarines and UAV. There are two typical types of such active sonar
STH INFORMATION | based on the geometry locations of transmitter and receiver named
TECHNOLOGY AND | monostatic sonar and bistatic sonar system. In the monostatic scenario
MECHATRONICS the transmitter and receiver transducers are collocated while it is called
ENGINEERING bistatic sonar system in the case if they are separate. Both sonar
CONFERENCE. 2020. Page | systems can be used in underwater object detection. In this paper, a
1671-1675. target strength model is proposed to estimate multi-object in the same
time. A model of target strength in [10] is referred which is originally
designed to calculate the scattering wave from a
single submarine scanning from full-angle. The proposed scheme
here is effective in detecting the number of enemy submarines and the
moving direction of submarine queue. Monto Carlo simulation has
been used to show the performance of the proposed model.
[leperBoproBay  Bmcokoi  BximHoi | A high input voltage converter | A high input voltage converter with a wide input voltage range is | https://www.webofscience.

HAMPYrd 3 UIMPOKHM J1iala30HOM
BXIJIHOI ~ HANpPyrH €  KPUTHUYHO
HEOOXITHUM Yy CHCTeMi >KUBIICHHA
MABONHUX YOBHIB Ha  BEIMKHX
BIJICTaHAX

with a wide input voltage range
is crucially required in long-
distance submarine power
system.

crucially required in long-distance submarine power system.
However, the concise implementation of high input voltage and wide
input voltage ranges remains a challenge for existing converter. In this
article, a serial hybrid-clamped three-level half-bridge LLC resonant
converter is proposed. The proposed converter can withstand high

com/wos/woscc/full-
record/ WOS:00117708420
0001
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Qin, JJ; He, ZX; Weng, ZJ;
Guan, RF; Li, ZJ; Li, ZY; Zhang,
ZY; Ding, SY; Xu, QM; Chen,
YD. IEEE TRANSACTIONS
ON INDUSTRIAL
ELECTRONICS. 2024. Volume
71. Issue 11. Page 13991-14001.

input voltage by connecting two hybrid-clamped three-level half-
bridges in series. All the operating states of the converter are analyzed,
five modulation modes are presented, four of which are controlled by
pulse frequency modulation, and the other is controlled by changing
the equivalent phase shift angle. The five modulation modes cover
different voltage gain ranges, and can be combined to achieve wide
input voltage regulation while maintaining soft switching of switching
devices. The experimental prototype with 1 kW power level and 250
V-2 kV input voltage range is built to verify the wide voltage regulation
rang soft-switching performance of the proposed converter.

5 PoGoruzoBana cmimpHa Mepexka mast | A Robotic Cooperative Network | Autonomy, cooperation and data fusion can increase the performance | https://www.webofscience.
nokaiizanii migBomHoro 4voBHa, mo | for Localising a Submarine in | of robotic networks in many underwater applications. In this paper, we | com/wos/woscc/full-
3a3Hae nmxa: pedyasratd REPMUS21 | Distress: Results From | describe a novel occupancy grid (OG) based perception layer, and its | record/ WOS:0010367130

REPMUS21. use for controlling a network of autonomous underwater vehicles | 02068

Ferri, G.; Faggiani, A.; | (AUVs), sensorised with passive sonars. Data fusion between the

Petroccia, R.; Stinco, P.; | robots' bearing-only measurements (typical of passive sonars) enables

Tesei, A. IEEE | the estimate of target position. The developed OG framework exploits

INTERNATIONAL networking and the spatial diversity provided by the multi-robot

CONFERENCE ON | system. The perception layer was integrated in the intelligent

ROBOTICS AND | Cooperative Autonomous Decision Making Engine (iCADME) control

AUTOMATION. 2023. Page | architecture and validated for the first time in the Robotics

3088-3094. Experimentation and Prototyping MUS (REPMUS) Exercise, held in
Portugal in September 2021. Our robotic network participated in a
technical demonstration, whose main objective was to localise a
bottomed submarine which emitted a periodic help request acoustically
during a simulated distress situation. We report results which are one
of the first examples to demonstrate how cooperative robotics,
supported by data fusion, can be effective in a passive sonar scenario.
They also confirm the viability of adopting such solutions in real-world
applications, characterised by poor communications and challenging
environments. What was achieved at REPMUS21 clearly demonstrates
how a network of cooperative robots can improve search & rescue
operations of a submarine.

TenexkomyHikamii
1 KsanroBuit posmomin kmouiB ans | Quantum  Key  Distribution | Increasing incidents of cyber attacks and evolution of quantum | https://www.webofscience.

3aXUIICHUX ONITHYHUX MEPEK: OITIAL

Secured Optical Networks: A
Survey.

Sharma, P; Agrawal, A,
Bhatia, V.; Prakash, S.; Mishra,
AK. IEEE OPEN JOURNAL OF

computing poses challenges to secure existing information and
communication technologies infrastructure. In recent years, quantum
key distribution (QKD) is being extensively researched, and is widely
accepted as a promising technology to realize secure networks. Optical
fiber networks carry a huge amount of information, and are widely

com/wos/woscc/full-
record/ WOS:0006949629
00002
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THE COMMUNICATIONS
SOCIETY. 2021. Volume 2.
Page 2049-2083.

deployed around the world in the backbone terrestrial, submarine,
metro, and access networks. Thus, instead of using separate dark fibers
for quantum communication, integration of QKD with the existing
classical optical networks has been proposed as a cost-efficient
solution, however, this integration introduces new research challenges.
In this paper, we do a comprehensive survey of the state-of-the-art
QKD secured optical networks, which is going to shape
communication networks in the coming decades. We elucidate the
methods and protocols used in QKD secured optical networks, and
describe the process of key establishment. Various methods proposed
in the literature to address the networking challenges in QKD secured
optical networks, specifically, routing, wavelength and time-slot
allocation (RWTA), resiliency, trusted repeater node (TRN) placement,
QKD for multicast service, and quantum key recycling are described
and compared in detail. This survey begins with the introduction to
QKD and its advantages over conventional encryption methods.
Thereafter, an overview of QKD is given including quantum bits, basic
QKD system, QKD schemes and protocol families along with the
detailed description of QKD process based on the Bennett and
Brassard-84 (BB84) protocol as it is the most widely used QKD
protocol in the literature. QKD system are also prone to some specific
types of attacks, hence, we describe the types of quantum hacking
attacks on the QKD system along with the methods used to prevent
them. Subsequently, the process of point-to-point mechanism of QKD
over an optical fiber link is described in detail using the BB84 protocol.
Different architectures of QKD secured optical networks are described
next. Finally, major findings from this comprehensive survey are
summarized with highlighting open issues and challenges in QKD
secured optical networks.

[IpoTokon mepenayi JaHUX HA OCHOBI

CTUIBHUKOBOL
ypaxyBaHHSIM

KJIacTepu3arii
HEPEIIKON

3

IS

HiI[BOIlHI/IX AKyCTUYHHUX CEHCOPHUX

Mepex

Cellular Clustering-Based
Interference-Aware Data
Transmission  Protocol  for
Underwater Acoustic Sensor
Networks.

Zhang, J.; Cai, MY; Han, GJ;
Qian, YJ; Shu, L. IEEE
TRANSACTIONS ON

VEHICULAR TECHNOLOGY.
2020. Volume 69. Issue 3. Page
3217-3230.

Recently, the development of three-dimensional interference-aware
data transmission methods has attracted the attention of scholars due to
the increased interest in exploiting and studying the underwater
acoustic sensor networks (UASNSs). In this paper, an interference aware
data transmission protocol based on cellular clustering architecture is
proposed. The protocol involves two steps. The first one is an inter-cell
time division multiple access (TDMA) scheduling, which reduces
acoustic interference by restricting simultaneous data transmission via
adjacent routing paths; and the second one is an intra-cell hierarchical
routing, which targets efficient data collection in the submarine and
reliable data transmission from the seabed to the surface. Moreover, a
novel Ekman spiral-based low-cost location prediction method and a

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005224562
00069
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void hole recovery scheme are adopted in each step to support the
practicability of proposed protocol. Theoretical analysis and
simulations indicate that the proposed protocol has advantages related
to the quality of service (QoS) of UASNs because the signal
interference is significantly mitigated.

Amnaui3 nponyktuBHOCTi | Performance Analysis of Multi- | Underwater wireless optical communication (UWOC) has generated a | https://www.webofscience.
0aratocTprOKOBUX migBogaux | Hop  Underwater ~ Wireless | much interest in the research community thanks to its wide range of | com/wos/woscc/full-
OesnporoBux  onTHuHuUX  cucteM | Optical Communication | applications, including submarine navigation, seafloor exploration, | record/ WOS:0008156769
3B's13Ky  uepe3  eKkcrmoHeHifansHO- | Systems Over  Exponential- | and military operation. Turbulence, scattering, and absorption | 00046
y3arajabHEHI KaHAJIN ramMa- | Generalized Gamma Turbulence | phenomena generally can severely affect the performance of UWOC
TypOyJIEHTHOCTI Channels. systems. The relaying methods have been shown as a promising
Le-Tran, M.; Kim, S. IEEE | technique to alleviate turbulence-induced and short-range fading. In
TRANSACTIONS ON | this paper, under varying channel conditions, we present a unified
VEHICULAR TECHNOLOGY. | framework to analyze the performance of multi-hop UWOC systems
2022. Volume 71. Issue 6. Page | with both amplify-and-forward and decode-and-forward relaying
6214-6227. techniques. In particular, for the end-to-end signal-to-noise ratio
(SNR), we use the univariate and bivariate Fox-H functions to derive
both the probability density function (PDF) and cumulative distribution
function (CDF). Furthermore, for the performance of systems under
both types of relaying techniques, we derive tight mathematical
expressions for the outage probability and bit error probability.
Besides, to highlight and provide some prominent engineering insights
into the diversity order, an asymptotic analysis for the outage
likelihood and average bit error rate (BER) is given. Consequently,
results from Monte-Carlo simulations are used to verify the correctness
of our derived mathematical expression.
Orsan enekrpomarHiTHux, | A Review on Electromagnetic, | The significance of the ocean in scientific research | https://www.webofscience.

AKYCTUYHUX Ta HOBUX TEXHOJIOTIH JJIs
3B'SI3KY HA MiIBOJHUX YOBHAX

Acoustic, and New Emerging

Technologies for Submarine
Communication.
Qu, ZH; Lai, MQ. IEEE

ACCESS. 2024. Volume 12.
Page 12110-12125.

and military applications is growing, with submarines being pivotal
for exploration and naval operations. However, the challenge of
wireless communication with submerged submarines due to the strong
absorption and scattering of electromagnetic waves in seawater limits
their utility. This paper addresses the need
for submarine communication methods characterized by speed,
stability, cost-effectiveness, and long-range capabilities. It provides a
comprehensive overview of current and potential
future submarine communication techniques, including
electromagnetic, acoustic, and optical methods, analyzing their
performance in various channel complexities and discussing their
advantages and drawbacks. Additionally, emerging technologies such
as magnetic, translational acoustic-RF (TARF), photo/thermo-acoustic
(PA/TA), neutrino, and quantum communication are explored, showing

com/wos/woscc/full-
record/ WOS:00115164730
0001
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promise for the future of submarine communication systems. The
upcoming generation of communication technology may establish a
three-dimensional communication network connecting land-based
stations, buoys, drones, satellites, and submarines to enhance the
efficiency and reach of underwater communication.

5 [HTEeNnexTyansHa iardopma | Intelligent Ocean Convergence | The ocean is currently crowded with vessels, including but not limited | https://www.webofscience.
KoHBeprenmii okeany Ha ocHoBi | Platform  Based on  IoT | to commercial ships and submarines used for military operations or | com/wos/wosce/full-
Inreprery peuedt 3 migrpuMkoro | Empowered with Edge | scientific investigations. Each of these vessels and their on-board | record/ WOS:0005139268
nepudepiiHIx 00unCIeHb Computing. equipment produce a massive amount of data that need to be shared | 00022

Liang, MZ; Su, X.; Liu, XF; | with potential destinations. The current popular Intelligent Ocean

Zhang, XW. JOURNAL OF | Convergence Platform is suggested to support oceanic services by

INTERNET TECHNOLOGY. | taking advantage of the novel concepts of the Internet of Things and

2020. Volume 21. Issue 1. Page | 5G communications. However, the processing activities are not always

235-244. centrally performed within the cloud but are sometimes shifted to the
edge of the network according to edge computing. In this paper, we
propose a combination of software-defined networking and edge
computing, where software technology is used to support
interoperability of heterogeneous network technologies, as well as
edge computing enables ultra-reliability, scalability, and low latency in
ocean networks. This will meet the rapid growth of marine vessels'
demand for rapid computing and communication capabilities. Through
the simulation of the average end-to-end delay, the efficiency of the
proposed architecture based edge computing is evaluated.

IncTpymenTn
1 Po3pobxa Ta BrpoBapkeHHs | Design and implementation of a | Detecting low-frequency underwater acoustic signals can be a | https:/www.webofscience.

BekTopHOro rigpopona MEMS Ha
OCHOBI 3pa3ka OTONITa MENy3W IJisi
BUSIBJICHHS HHA3HKOYaCTOTHHUX
00’ €KTIB

jellyfish otolith-inspired MEMS
vector hydrophone for low-
frequency detection.

Wang, RX; Shen, W.; Zhang,
W1J; Song, JL; Li, NS; Liu, MR;
Zhang, GJ; Xue, CY; Zhang,
WD. MICROSYSTEMS &
NANOENGINEERING. 2021.
Volume 7. Issue 1, 1.

challenge for marine applications. Inspired by the notably strong
response of the auditory organs of pectis jellyfish to ultralow
frequencies, a kind of otolith-inspired vector hydrophone (OVH) is
developed, enabled by hollow buoyant spheres atop cilia. Full
parametric analysis is performed to optimize the cilium structure in
order to balance the resonance frequency and sensitivity. After the
structural parameters of the OVH are determined, the stress
distributions of various vector hydrophones are simulated and
analyzed. The shock resistance of the OVH is also investigated. Finally,
the OVH is fabricated and calibrated. The receiving sensitivity of the
OVH is measured to be as high as -202.1 dB@100 Hz (0 dB@1 V/mu
Pa), and the average equivalent pressure sensitivity over the frequency
range of interest of the OVH reaches -173.8 dB when the frequency
ranges from 20 to 200 Hz. The 3 dB polar width of the directivity
pattern for the OVH is measured as 87 degrees. Moreover, the OVH is
demonstrated to operate under 10 MPa hydrostatic pressure. These

com/wos/woscc/full-
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00001



https://www.webofscience.com/wos/woscc/full-record/WOS:000513926800022
https://www.webofscience.com/wos/woscc/full-record/WOS:000513926800022
https://www.webofscience.com/wos/woscc/full-record/WOS:000513926800022
https://www.webofscience.com/wos/woscc/full-record/WOS:000513926800022
https://www.webofscience.com/wos/woscc/full-record/WOS:000604095500001
https://www.webofscience.com/wos/woscc/full-record/WOS:000604095500001
https://www.webofscience.com/wos/woscc/full-record/WOS:000604095500001
https://www.webofscience.com/wos/woscc/full-record/WOS:000604095500001

50

Ha3pa nyoaikamii (YKp.)

Jlani npo ny0Jikaniio

AHoranig (aHrju.)

IMocnaanna

results show that the OVH is promising in low-frequency underwater
acoustic detection. Detecting submarines via biomimicry Jellyfish
sensory organs offer the inspiration for a new sensor design that can
sensitively detect low-frequency sounds underwater. These capabilities
are particularly for the long-range detection of submarines, which
produce faint sound signatures in the 5-200 Hertz range. Researchers
have struggled to develop compact 'hydrophone' devices that can
sensitively capture such frequencies underwater, but Wendong Zhang
of the North University of China and colleagues have identified a
promising solution. Modeled on the pectis jellyfish auditory organ, this
system features an otolith-like structure mounted on a cross-beam that
produces a piezoresisitive signal in response to vibrations. Based on
this concept, the researchers fabricated a device that effectively detects
very faint sounds in the 20-200 Hertz range at depths of at least 1000
meters, highlighting the potential of such 'otolith-inspired MEMS
vector hydrophone' devices.

IMpuHOMO Ta CTaH 3acTOCYBaHHS
TOBHICTIO PO3MOiJIEHOT TEeXHOJIOTIT

BUSIBIICHHSI  BiOpaiili  BOJIOKOHHO-
ONTHUYHOrO CUTHAIy Ha  OCHOBI
¢doTouyTIMBOI OIITHYHOT

pednexkromerpii B yacoBiii ofnmacti:
oz

Principle and Application State
of Fully Distributed Fiber Optic
Vibration Detection Technology
Based on ¢-OTDR: A Review.
Marie, TFB; Bin, Y.; Han, DZ;
An, BW. IEEE SENSORS
JOURNAL. 2021. Volume 21.
Issue 15. Page 16428-16442.

Phase-sensitive optical time-domain reflectometry Phi-OTDR) is a
powerful sensing device that enables fully distributed optical fiber
vibration detection with fast response and high sensitivity. Based on
the introduction of its principles, Rayleigh backscatter, sensing
mechanism, the characteristics of the Phi-OTDR system are analyzed
in detail. Some gaps in the Phi-OTDR technology are outlined, and its
development trends are highlighted. The application of its current
technology is illustrated in different fields such as the perimeter
security monitoring system, submarine cable surveillance, and so on.
In the experiments analysis, it was pointed out that the device is very
sensitive, which is subject to a high rate of false alarms; it also has
unresolved types of disturbances. For these purposes, this paper first
summarizes the development status of the Phi-OTDR-based fully
distributed optical fiber sensing device. Then, it analyzes and proposes
the use of a Printed Circuit Board (PCB) winding flyback converter
with shielding, to solve the problem of sensitivity. The shielding
method has been proven to significantly reduce high frequency noise
up to 30 MHz. This will enable relevant industries and future
researchers to know the current state of the Phi-OTDR device.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006795410
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IaHOBamiliHI (POTOHHI MATYMKH IS
Oesmekn Ta 3axucry, dactmHa I
3aCTOCYBaHHS B aepOKOCMIUHIA Ta
T IBOMTHI M TaTy3s1X

Innovative Photonic Sensors for
Safety and Security, Part II:
Aerospace and  Submarine
Applications.

Cutolo, A.; Bernini, R.; Berruti,
GM; Breglio, G.; Bruno, FA;

The employability of photonics technology in the modern era's highly
demanding and sophisticated domain of aerospace and submarines has
been an appealing challenge for the scientific communities. In this
paper, we review our main results achieved so far on the use of optical
fiber sensors for safety and security in innovative aerospace
and submarine applications. In particular, recent results of in-field
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Buontempo, S.; Catalano, E.;
Consales, M.; Coscetta, A.;
Cusano, A.; Cutolo, MA; Di
Palma, P.; Esposito, F.; Fienga,
F.; Giordano, M.; Iele, A.;
Iadicicco, A.; Irace, A.; Janneh,
M.; Laudati, A.; Leone, M.;
Maresca, L.; Marrazzo, VR;
Minardo, A.; Pisco, M.; Quero,
G.; Riccio, M.; Srivastava, A.;
Vaiano, P; Zeni, L.;
Campopiano, S. SENSORS.
2023. Volume 23. Issue 5, 2417.

applications of optical fiber sensors in aircraft monitoring, from a
weight and balance analysis to vehicle Structural Health Monitoring
(SHM) and Landing Gear (LG) monitoring, are presented and
discussed. Moreover, underwater fiber-optic hydrophones are
presented from the design to marine application.

[lnaHyBaHHS  MiABOAHOTO  HUISIXY
MIBONHOIO  YOBHA HA  OCHOBI
NrOpuTMy  KOJOHIi  Mypax  3i

IITYYHUM HOTCHLIMHMM IIOJIeM Ta
METONy IIBHAKICHUX HMEPELIKO

Underwater Submarine Path
Planning Based on Artificial
Potential Field Ant Colony
Algorithm and Velocity Obstacle
Method.

Fu, J.; Lv, T; Li, B. SENSORS.
2022. Volume 22. Issue 10, 3652.

Navigating safely in complex marine environments is a challenge for
submarines because proper path planning underwater is difficult. This
paper decomposes the submarine path planning problem into global
path planning and local dynamic obstacle avoidance. Firstly, an
artificial potential field ant colony algorithm (APF-ACO) based on an
improved artificial potential field algorithm and improved ant colony
algorithm is proposed to solve the problem of submarine underwater
global path planning. Compared with the Optimized ACO algorithm
proposed based on a similar background, the APF-ACO algorithm has
a faster convergence speed and better path planning results. Using an
inflection point optimization algorithm greatly reduces the number and
length of inflection points in the path. Using the Clothoid curve fitting
algorithm to optimize the path results, a smoother and more stable path
result is obtained. In addition, this paper uses a three-dimensional
dynamic obstacle avoidance algorithm based on the velocity obstacle
method. The experimental results show that the algorithm can help
submarines to identify threatening dynamic obstacles and avoid
collisions effectively. Finally, we experimented with the algorithm in
the submarine underwater semi-physical simulation system, and the
experimental results verified the effectiveness of the algorithm.
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Po3pobka Ta peamizaris
TraHTEIENONI0HOr0 LUITIaPHOTO
MEMS-BekTopHOTO TinpodoHa

Design and realization of
dumbbell-shaped ciliary MEMS
vector hydrophone.

Ji, SX; Zhang, LS; Zhang, WD;
Zhang, GJ; Wang, RX; Song, JL;
Zhang, XY; Lian, YQ; Shang,
Z7. SENSORS AND

An excellent hydrophone should have higher sensitivity in its working
frequency-band to provide signal with better quality for direction of
arrival (DOA). Aiming at the centralized distribution of radiation noise
from ships generally below 1KHz, a Dumbbell-shaped ciliary MEMS
vector hydrophone (DCVH) with better sensitivity below 1KHz is
designed in this paper. When detecting the submarine sound signal,
Dumbbell-shaped ciliary can obtain the area of receiving sound waves
larger than common ciliary structure in the same mass, increase the
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2020. Volume 311, 112019.

center of gravity position and increase the moment of force, so as to
improve the high sensitivity of hydrophone under the premise of
meeting the working frequency-band. In addition, the use of resin as
the material for making cilia can bring better performance to
hydrophone. Through theoretical analysis and simulation verification
by COMSOLS5.4, the design is feasible. Finally, DCVH is verified by
hydrophone test calibration system, with the sensitivity of -186.1dB
(1KHz, 0dB = 1V/mu Pa), 10.8dB higher than bionic ciliary MEMS
vector hydrophone (CVH), the working frequency-band of 20Hz -
1KHz, the excellent "8" character directivity, and concave point depth
exceeding 30dB, which is consistent with theory and simulation results
and meets the design requirements.

Marepiajio3HaBCTBO
1 3D-npyk BonokHoapmoBanux | 3D Printing of Fiber-Reinforced | Composite materials are a combination of two or more types of | https://www.webofscience.
TUTACTHKOBHX KOMIIO3HTIB 3 | Plastic Composites Using Fused | materials used to enhance the mechanical and structural properties of | com/wos/woscc/full-
BUKOPHCTaHHSIM mozenmoBanHs | Deposition Modeling: A Status | engineering products. When fibers are mixed in the polymeric matrix, | record/ WOS:0006893495

METOAOM HAIUIaBJICHHA: OIVIAJ CTaHy

Review.

Pervaiz, S.; Qureshi, TA,;
Kashwani, G.; Kannan, S.
MATERIALS. 2021. Volume 14.
Issue 16, 4520.

the composite material is known as fiber-reinforced polymer (FRP).
FRP materials are widely used in structural applications related to
defense, automotive, aerospace, and sports-based industries. These
materials are used in producing lightweight components with high
tensile strength and rigidity. The fiber component in fiber-reinforced
polymers provides the desired strength-to-weight ratio; however, the
polymer portion costs less, and the process of making the matrix is
quite straightforward. There is a high demand in industrial sectors, such
as defense and military, aerospace, automotive, biomedical and sports,
to manufacture these fiber-reinforced polymers using 3D printing and
additive manufacturing technologies. FRP composites are used in
diversified applications such as military vehicles, shelters, war
fighting safety equipment, fighter aircrafts, naval ships,
and submarine structures. Techniques to fabricate composite
materials, degrade the weight-to-strength ratio and the tensile strength
of the components, and they can play a critical role towards the service
life of the components. Fused deposition modeling (FDM) is a
technique for 3D printing that allows layered fabrication of parts using
thermoplastic composites. Complex shape and geometry with
enhanced mechanical properties can be obtained using this technique.
This paper highlights the limitations in the development of FRPs and
challenges associated with their mechanical properties. The future
prospects of carbon fiber (CF) and polymeric matrixes are also
mentioned in this study. The study also highlights different areas
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requiring further investigation in FDM-assisted 3D printing. The
available literature on FRP composites is focused only on describing
the properties of the product and the potential applications for it. It has
been observed that scientific knowledge has gaps when it comes to
predicting the performance of FRP composite parts fabricated under
3D printing (FDM) techniques. The mechanical properties of 3D-
printed FRPs were studied so that a correlation between the 3D printing
method could be established. This review paper will be helpful for
researchers, scientists, manufacturers, etc., working in the area of
FDM-assisted 3D printing of FRPs.

TexHIYHUN TEKCTUIB IS BINCHKOBOIO
3aCTOCYBaHHS

Technical textiles for military

applications.
Revaiah, RG; Kotresh, TM;
Kandasubramanian, B.

JOURNAL OF THE TEXTILE
INSTITUTE. 2020. Volume 111.
Issue 2. Page 273-308.

Operation of Armed Forces personnel in harsh military terrains for
extended tenure period necessitates protection from elements and battle
hazards. Harsh military terrains exert profound effects on the physical
and physiological performance of the soldiers and can impart serious
health hazards on inadequately protected soldiers resulting in mission
failure and avoidable loss of lives. Harsh military terrains can be
Mountain environment characterized by treacherous terrains with
extreme cold and hypoxia, Deserts characterized by extreme heat
stress, Depths of underwater that can pose life threatening situation in
case of a distressed submarine, Aviation hazards (such as deadly G-
forces faced by fighter pilots during G-manoeuvres and fire hazards
that may result from crash) etc. Clothing being the first layer of
protection for the wearer, forms an important protective measure
in military operation against combat and environmental hazards. A
great deal of research is being carried out by military/defence research
laboratories worldwide in collaboration with industries to develop
technical textiles incorporating suitable smart material finishes for the
alleviation of the dangers associated in the combat terrain. Extended
Cold weather clothing ensemble, High Altitude Pulmonary Oedema
chambers, Anti-G suits, Flame retardant overalls, Submarine Escape
Sets, Chemical warfare protection ensemble, liquid cooled garment for
protection against hyperthermia etc., are fabricated from variety of
technical textiles having special material properties. Technical textiles
are used worldwide to provide protection from the hazards of
battlefield to the military and paramilitary forces, as 'man behind the
machine' is the most important entity in a war theatre. This review
focuses a collective account of harsh military environment faced by
war fighters during War & Peacetime and material development to
develop desired technical textiles to lower the attrition due to harsh
environment and battle hazards.
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3aranpHOI  IpoAyKTUBHOCTL: omisiy | Performance: An Overview on | classification and research background of acoustic coatings are | com/wos/woscc/full-
TIPOEKTYBaHHS akyctiuyHoro | the Design of an Acoustic | introduced herein. The research significance of acoustic coatings is | record/ WOS:0004844648
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Bai, HB; Zhan, ZQ; Liu, JC;
Ren, ZY. MATERIALS. 2019.
Volume 12. Issue 16, 2509.

A Dbrief overview of the conventional design process of acoustic
coatings is presented, which describes the substrates used in different
countries. Aimed at the local design of acoustic coatings, research
progress on passive and semi-active/active sound absorption structure
is summarized. Focused on the passive acoustic coatings; acoustic
cavity design and optimization, acoustic performance of acoustic
coatings with rigid inclusions or scatterers, and acoustic coatings with
a hybrid structure are discussed. Moreover, an overview of the overall
design of acoustic coatings based on the sound field characteristics of
the submarine is also presented. Finally, the shortcomings of the
research are discussed, breakthroughs in acoustic coating design
research are forecast, and the key technical issues to be solved are
highlighted.

BruiuB Mopcbkoi Bogu Ha cTapiHHs
MOIMEPHUX KOMIIO3MTIB, apPMOBaHUX
BOJIOKHAMHM: MEXaHIYHI BJIACTUBOCTI,
MEXaHi3M CTapiHH Ta [IPOTHO3YBAHHS
TEpMiHY CITyKOHu

Seawater aging effect on fiber-
reinforced polymer composites:
Mechanical properties, aging
mechanism, and life prediction.
Nan, JJ; Zhi, C.; Meng, JG;
Miao, MH; Yu, LJ. TEXTILE
RESEARCH JOURNAL. 2023.
Volume 93. Issue 13-14. Page
3393-3413.

Fiber-reinforced polymer (FRP) composites are widely used in marine
engineering fields, such as coastal construction, offshore bridges,
submarines, and warships, owing to their light weight, high strength,
and corrosion resistance. However, owing to the harsh marine
environment, FRP composites used in the ocean are inevitably affected
by seawater aging. Therefore, it is necessary to investigate the seawater
aging properties of FRP composites. In this study, the seawater aging
mechanism of FRP composites is summarized, and the influence
factors (matrix type, fiber type, immersion temperature, loading mode,
and aging method) of seawater aging on the mechanical properties of
FRP composites are further reviewed in detail. Based on this, the
method for improving the seawater resistance of FRP composites is
summarized. In addition, the research schemes of accelerated aging of
FRP composites and commonly used life prediction models are
summarized, and the methods and suggestions for improving the
accuracy of life prediction are further discussed.
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Omisim  mporecy  IIa3MOENIEKTPO-
JIITUYHOTO OKHUCJIEHHS, 110
3aCTOCOBYETHCS IO MiJii Ta JaTyHi

A review on the plasma
electrolytic oxidation (PEO)
process applied to copper and
brass.

Fattah-alhosseini, A.; Molaei,
M.; Kaseem, M. SURFACES
AND INTERFACES. 2024.
Volume 46, 104179.

Copper and its alloys, with their unique characteristics including a low
coefficient of thermal expansion, a high melting point, superior thermal
and electrical conductivities, outstanding ductility, and commendable
resistance to corrosion, are considered highly suitable for applications
in power generation, electrical sectors, military operations, and heat
exchange pipelines in submarines. Despite its many advantages, the
application of copper is somewhat restricted due to its low strength,
hardness, and limited resistance to corrosion and wear. However, the
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plasma electrolytic oxidation (PEO) process, which can generate
multifunctional oxides such as CuO, Cu20, and ZnO, offers a
promising method for improving the wear and corrosion characteristics
of copper -based materials. This paper presents an overview of the
latest advancements in the PEO treatment applied to copper and brass.

PEO coatings on copper and brass substrates. It explores how the PEO
process, its parameters like electrolyte composition, nanoparticle
addition, and various post-PEO treatment methods can influence the
coatings' morphology, composition, and resistance to corrosion and
wear. This review serves as a valuable guide for future research in the
field of PEO treatment for copper and its alloys.

This review offers a comprehensive understanding of the formation of

ABIAHOCII
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Piloted Flight Simulation of
Helicopter Recovery to the
Queen Elizabeth Class Aircraft
Carrier.

Watson, NA; Owen, I. White,
MD. JOURNAL OF
AIRCRAFT. 2020. Volume 57.
Issue 4. Page 742-760.

This Paper describes how flight simulation has been used to investigate
helicopter recovery operations to the deck of HMS Queen Elizabeth,
the United Kingdom's new aircraft carrier. A helicopter flight
simulation environment has been developed in which the unsteady
airflow over the ship has been created using full-scale computational
fluid dynamics. A six-degree-of-freedom motion flight simulator has
been used to conduct real-time piloted deck landings where a helicopter
flight dynamics model representative of a Sikorsky SH-60B Seahawk
helicopter was recovered to the designated rotorcraft landing spots
toward the stern of the ship. A test pilot was instructed to land the
helicopter and to give workload ratings for the difficulty of the task
when flying in relative winds from Ahead, and 45 deg and 90 deg from
starboard. The workload ratings, along with the corresponding pilot
control activity and helicopter positional accuracy, are discussed in
relation to the airflow to which the helicopter was subjected. The Paper
demonstrates how flight simulation could be used to support flight
trials and helicopter clearance activities but also notes that real-world
trials data are needed to compare with the simulations before the
techniques can be beneficially deployed.
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[TinoTroBaHe MONETIOBAHHS TOJILOTY
reniKorlTepa 1A TIOBEPHCHHA Ha
aBilaHOCeIb KJacy «Koponesa
€1m3aBeTa»

BararominsoBa rinepeBpuUCTHIHA
CTPYKTypa JUTSt KOMILJIEKCHOT

onTUMi3alii IIaHyBaHHS OIeparliii Ha
marydi — mamyOHMX ~— JliTakiB  Ta
KoH(iryparii pecypciB

A multi-objective hyper heuristic
framework  for integrated
optimization of carrier-based
aircraft flight deck operations
scheduling and resource
configuration.

Cui, RW; Han, W.; Su, XC;
Zhang, Y.; Guo, F. AEROSPACE

It is of great significance to produce an efficient flight deck operations
scheduling plan for improving the carrier-based aircraft sortie rate and
enhancing the combat capability of aircraft carrier formation. Flight
deck operations scheduling plan is closely related to flight deck
resource configuration. In this paper, in order to find a feasible method
to produce an effective operations scheduling plan under different
resource configurations, the flight deck operations scheduling problem
and resource configuration optimization problem for the pre-flight
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107, 106346.

preparation stage are studied simultaneously. The work is different
from the existing literature in three aspects: (1) with considering the
transfer time of resources and multiple operation execution modes and
analyzing the precedence constraints and resource constraints for the
flight deck operations, the integrated optimization model of operations
scheduling and resource configuration is established and regarded as a
multi-objective optimization model. (2) a novel choice function based
multi-objective hyper heuristic is proposed for solving the model. The
low level heuristics are three well-known multi-objective evolutionary
algorithms, and the heuristic selection strategy is an online learning
choice function. (3) in order to further improve the performance of
proposed hyper heuristic, two modified hyper heuristics are introduced,
one of which uses a simulated annealing-based non-deterministic move
acceptance strategy and the other uses a modified initiation method, a
simulated binary crossover operator, and a normal distribution
sampling mutation operator. By conducting simulation experiments in
the case study section, the correctness of the model and the superiority
of the multi-objective hyper heuristic framework are verified.

Jlocnmi/ykeHHsT METOAy —IUIAHyBaHHS
MicCiT JUIst 3amycKy TpynH HagyOHHX

JITaKiB

Exploring mission planning
method for a team of carrier
aircraft launching.

Wu, Y.; Wang, YY; Qu, XJ; Sun,
LG. CHINESE JOURNAL OF
AERONAUTICS, 2019. Volume
32. Issue 5. Page 1256-1267.

High-level efficiency and safety are of great significance for improving
the fighting capability of an aircraft carrier. One way to enhance
efficiency and safety level is to organize the carrier aircraft into combat
effectively. This paper studies the mission planning problem for a team
of carrier aircraft launching, and a novel distributed mission planning
architecture is proposed. The architecture is hierarchical and is
comprised of four levels, namely, the input level, the coordination
level, the path planning level and the execution level. Realistic
constraints in each level of the distributed architecture, such as the
vortex flow effect, the crowd effect and the motion of aircraft, are
considered in the model. To solve this problem, a distributed path
planning algorithm based on the asynchronous planning strategy is
developed. The proposed Mission Planning Approach for Carrier
Aircraft Launching (MPACAL) is validated using the setups of the
Nimitz-class aircraft carrier. Compared to the isolated planning
architecture and the centralized planning architecture, the proposed
distributed planning architecture has advantages in coordinating the
launch tasks not only belonging to the same catapult but also when all
different catapults are considered. The proposed MPACAL provides a
modeling method for the flight deck operation on aircraft carrier.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004688958
00017

Meton  kiactepu3arii
OCHOBI  CIIJIBHOIO

Mypax Ha
BHKOPUCTaHHS
MPUIATHOCTI JUII MYNBTUMOTAIBHOL

A fitness sharing based ant
clustering method for
multimodal optimization of the

With the flight envelope becoming larger and larger, the Automatic
Carrier Landing System (ACLS) is becoming a complex large-scale
system, and the corresponding control parameter design has been the

https://www.webofscience.
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aBTOMATHYHOI II0CAJKH aBlaHOCLSI

aircraft longitudinal automatic
carrier landing system.

Bian, Q.; Nener, B.; Wang, JP,;
Liu, XD; Ma, J. AEROSPACE
SCIENCE AND
TECHNOLOGY. 2022. Volume
122, 107392.

most important key link to ensure the safety and flight quality
of aircraft carrier landing missions. In this paper, a Fitness Sharing
based Ant Clustering (FSAC) method is presented for use in
multimodal optimization of the longitudinal ACLS and to reveal the
hidden properties of the solution space. In doing so, first, the lattice
rule based space sampling strategy is used to create the individual ant
sequences. Then a fading memory fitness sharing function is applied to
modify the clustering strategy and regroup the ants for multimodal
optimization of the search space. An adaptive learning strategy is
developed to dynamically adjust the search scope of the ant colony.
Moreover, an online health monitor is used to replace the weak ants
with new ones in a timely manner in order to keep robustness of the
FSAC. Finally, the multimodal feasible solutions which are good
candidates for the ACLS design are presented and the characteristics of
the solution space are also analyzed. The result shows that many large
solution sets are located at the bottom of the solution space, whereas
on the upper side of the solution space, the number of feasible solutions
decreases sharply. An F/A-18 model is used as a test bed and the
simulations are carried out in various wind conditions to demonstrate
the effectiveness and feasibility of the proposed method.

record/WOS:00077381110
0007

5 BruiuB aepomHaMi4HOTrO MOTOKY Ha
XapaKTepUCTHKHU 3JIbOTY aB1aHOCLA

Aerodynamic  Flow  Effects
on Aircraft Carrier Takeoff
Performance.

Bardera-Mora, R.; Garcia-
Magarifio, A.;  Rodriguez-
Sevillano, A Barcala-

Montejano, MA. JOURNAL OF
AIRCRAFT. 2019. Volume 56.
Issue 3. Page 1005-1013.

The aircraft takeoff maneuver for onboard operations is the most
critical aspect of maritime performance. In the last decades, several
improvements have been made to reduce the number of accidents. One
of them is the ski-jump ramp, a modern takeoff system that allows the
maneuver to be performed more safely and using less runway distance.
Thus, a new in-depth aerodynamic study of the ramp is required. A
wind-tunnel test campaign was developed to study the disturbances
caused by the ski-jump ramp over the flight deck and the influence on
an aircraft carrier performance. Smoke visualizations over the ramp
revealed a detached unsteady recirculation bubble at the ramp and a
turbulent flow over the flight deck. Velocity measurements were
carried out by means of particle image velocimetry. The influence of
these disturbances was evaluated for the takeoff performance of the
AV-8B Harrier II. The results proved the importance of taking into
account these disturbance effects and provided a detailed
characterization of the flow over the carrier deck, resulting in
establishment of a useful background for future studies on aircraft-ship
interference.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004722241
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Po3paxyHKOBO-€KCTIEpUMEHTaIbHE Computational and experimental | This paper describes a comprehensive experimental and computational | https://www.webofscience.
MOJICITIOBAHHS HecrarionapHoro | modelling study of the unsteady | modelling study of the aerodynamic environment around the UK's new | com/wos/woscc/full-
MOTOKY TIOBITpsA Haj asiaHocieM | airflow over the aircraft | Queen Elizabeth Class (QEC) aircraft carriers. The study has been | record/ WOS:0004585913
HMS Queen Elizabeth carrier HMS Queen Elizabeth. | performed to support the integration of the F-35B Lightning I multi- | 00046

Watson, NA; Kelly, MF; Owen,
I.; Hodge, SJ; White, MD.
OCEAN ENGINEERING.
2019. Volume 172. Page 562-
574.

role fighter with the UK Royal Navy's flagship, HMS Queen Elizabeth.
Unsteady airwakes have been generated using Computational Fluid
Dynamics (CFD) and have been incorporated into the F-35/QEC
Integration Flight Simulator at BAE Systems Warton and into the
HELI-FLIGHT-R research simulator at the University of Liverpool. A
small-scale experiment has also been conducted in which a 1.4 m long
(1:200) scale model of the QEC was submerged in a water channel and
Acoustic Doppler Velocimetry was used to measure the unsteady flow
around the ship. Delayed Detached Eddy Simulation CFD was used to
model the flow in the water channel and the computed unsteady flow
field has been compared with the experimental measurements. The
results show generally excellent agreement between the model-scale
experiment and CFD. Building on this, full-scale 30-s CFD airwakes
have been generated for the nearfield area surrounding the QEC, and
for about 400 m astern of the ship to capture the disturbed air flow
along the fixed-wing approach glideslope.

JocimimKkeHHsT BITPOBHX TMOTOKIB Hall

Wind flow investigation over an
aircraft carrier deck by PIV.
Bardera, R.; Barcala-Montejano,
MA; Rodriguez-Sevillano, AA;
Leon-Caleroob, M. OCEAN
ENGINEERING. 2019. Volume
178. Page 476-483.

An aircraft carrier is characterized by a superstructure where different
systems are installed. This configuration is similar to a set of bluff
bodies with sharp edges where massive flow separation appears in the
wake. Depending on the wind-over deck (WOD) conditions, the flow
field changes dramatically. Hence, aircraft performances are affected
due to the adverse aerodynamic effects generated. Flight envelopes are
needed to determine aircraft operating range. In situ measurements are
costly and time-consuming. Numerical simulations are providing some
solutions to this problem. However, they have to be validated by
matching simulation results to those from experimental measurements.
In the present paper, the study of the flow configuration at different
wind angles has been conducted. Particle image velocimetry technique
was used to obtain flow information due to the accurate results
provided. Non-dimensional velocity and turbulence maps are presented
in order to provide flow field characterization.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004644837
00036

najyoor  aBiaHOCLs, IMPOBEICHE
BEJIOCUMETPISIEI0 300paxeHb
YaCTUHOK

ExcniepumeHTanbHe Ta
OOYHCITIOBAILHE TOCIIKEHHS

AepOIMHAMIKHA TIOBITPSHOTO  CIITy
THTIOBOT'O aBiaHOCIIA 3 TPAMILTIHOM

Experimental and computational
investigation of airwake
aerodynamics of the
generic aircraft carrier with ski-
jump.

A comprehensive experimental and computational investigation of
flow past over a generic aircraft carrier with ski-jump is presented in
this paper. The study has been performed to gain a deeper
understanding of the airwake aerodynamics past such an aircraft
carrier for different crosswind conditions. An experimental
investigation is carried out in a wind tunnel on a prototype model of

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007836329
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Shukla, S.; Sinha, SS; Saroha, S.;
Khan, HH; Singh, SN. OCEAN
ENGINEERING. 2022. Volume
249, 110902.

having a length of 1.1 m (1:250 scale). The prototype model was
conceived from the various aircraft carriers existing in the world. A
five-hole cobra probe is used to measure all the three velocity
components along the 3 degrees aircraft's landing slope for validation
purposes. ReynoldsAveraged Navier-Stokes (RANS) based
computational investigations are conducted to predict the overall
airwake aerodynamics over the flight deck. Subsequently, a detailed
parametric study has been conducted to examine the effect of relative
wind conditions on the aircraft's landing slope. Detailed comparisons
of velocity variations along the aircraft glide slope are discussed along
with the experimental data. Results show that the top deck island
structure and the oblique wind conditions are the two main contributors
for adverse airwake aerodynamics over the flight deck.

YucenrnHe

MOJCITHOBaHHA

HECTaIliOHAPHOTO TMOBITPSIHOTO CIIiAY

aBlaHocus "JIsgoHiH" Ha
MOZENI  BIJIPBAHOTO  BUXPY
3aTPUMKOIO, TIOB'sI3aHOT

MIEPEKPUBAIOYOI0 MEPEXKEI0

OCHOBI

i3
3

Numerical Simulation of the
Unsteady Airwake of the
Liaoning Carrier Based on the
DDES Model Coupled with
Overset

Grid. Yang, XX; Li, BK; Ren,
ZB; Tian, FC. JOURNAL OF
MARINE SCIENCE AND
ENGINEERING. 2024. Volume
12. Issue 9, 1598.

The wake behind an aircraft carrier under heavy wind condition is a
key concern in ship design. The Chinese Liaoning ship's upturned bow
and the island on the deck could cause serious flow separation in the
landing and take-off area. The flow separation induces strong velocity
gradients and intense pulsations in the flow field. In addition, the sway
of the aircraft carrier caused by waves could also intensify the flow
separation. The complex flow field poses a significant risk to the
shipboard aircraft take-off and landing operation. Therefore, accurately
predicting the wake of an aircraft carrier during wave action motion is
of great interest for design optimization and recovery aircraft control.
In this research, the aerodynamic around an aircraft carrier (i.e.,
Liaoning) was analyzed using the computational fluid dynamics
technique. The validity of two turbulence models was verified through
comparison with the existing data from the literature. The upturned
bow take-off deck and the right-hand island were the main areas where
flow separation occurred. Delayed detached eddy simulation (DDES),
which combines the advantages of LES and RANS, was adopted to
capture the full-scale spatial and temporal flow information. The
DDES was also coupled with the overset grid to calculate the flow field
characteristics under the effect of hull sway. The downwash area at 15
degrees starboard wind became shorter when the hull was stationary,
while the upwash area and turbulence intensity increased. The
respective characteristics of the wake flow field in the stationary and
swaying state of the ship were investigated, and the flow separation
showed a clear periodic when the ship was swaying. Comprehensive
analysis of the time-dependent flow characteristic of the approach line
for fixed-wing naval aircraft is also presented.
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5 Onrumizanis nacuBHOro kepyBaHHS | Optimization of passive flow | Aircraft carriers are a very useful operational tool for military | https://www.webofscience.
ITOTOKOM HaJl TpaMmIuTiHOM aBiaHocus | control above the ski jump ramp | operations. They are designed to provide service to aircraft at sea. For | com/wos/woscc/full-
3a  jomomoror  obumcmroBaibHOI | of an aircraft carrier by CFD and | that reason studying the aerodynamic flow on their decks is essential. | record/ WOS:0008552184
TiAponuHAMIKU Ta | experimental investigation. | During take-off and landing maneuvers the aircraft can be affected by | 00002
EKCIIEPUMEHTAILHUX JOCIIKCHb Bardera, R.; Matias-Garcia, JC. | the turbulent flow generated by the non-aerodynamic surfaces that
OCEAN ENGINEERING. | compose the geometry of the ship. Specifically, this study uses
2022. Volume 263, 112419. Computational Fluid Dynamics (CFD) applied to an aircraft carrier.
The goal is to analyze and modify the flow detachment generated by
the ski jump ramp on the flight deck that can affect the aircraft
performances during take-off maneuvers. Passive flow control
techniques such as holes in the ramp to allow airflow entering over the
deck or aerodynamic devices added in the ramp corner have been
tested. Different parameters of the devices have been studied and
partial and even complete elimination of the flow detachment has been
achieved. Finally, the numerical model has been compared with
experimental wind-tunnel tests. They have demonstrated a full
elimination of the flow detachment and up to 80% of turbulence
intensity reduction above the ski jump ramp of the aircraft carrier.
Indopmaruka
1 InTerpauiiine npoektyBanHs | Integration Design of Sortie | Previous studies focused on deck-disposed and trajectory planning | https://www.webofscience.

IUIAHYBaHHs BUJIBOTIB [UIs HaTyOHHX
JITaKiB HA OCHOBI T1OPUIHOI THYYKOT
JIOTiICTHYHOT CXeMHU

Scheduling for Carrier Aircrafts
Based on Hybrid Flexible
Flowshop.

Liu, J.; Han, W.; Li, J.; Zhang,
Y.; Su, XC. IEEE SYSTEMS
JOURNAL. 2020. Volume 14.
Issue 1. Page 1503-1511.

problem separately, and there was no systematic study from the whole
process. This paper studied sortie scheduling for carrier aircrafts from
the perspective of the whole scheduling and dispatch process.
According to the process of sortie on flight deck, the sortie task was
abstracted into six virtual stages, namely, deck-disposed, taxiing to
preparing spot, taxiing from preparing spot to catapult, preparation on
the catapult, takeoff, and cooling and recovery for the jet blast
deflectors, and, the corresponding machines were also defined,
respectively. The constraints were expressed, and the sortie scheduling
model was build based on hybrid flexible flowshop scheduling. In
addition, the one-sided symplectic pseudospectral method and the
proposed collision avoidance strategy based on priority principle were
combined to realize the collaborative trajectories planning of taxiing
for multiple aircrafts. To obtain the optimal or near optimal solution,
the double-layer genetic algorithm was proposed. Finally, the
experiments were carried out based on the Nimitz-class aircraft
carrier; the sortie task of 8 aircrafts under unknown conditions of deck-
disposed and 13 aircrafts with fixed deck-disposed were studied,
respectively. Experimental results show that the established model can
well describe the sortie of aircraft, and it meets all constraints and

com/wos/woscc/full-
record/ WOS:00052606110
0149
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actual requirements, which shows that the proposed method and the
model can be used for sortie task effectively.

ATEHTHO-Opi€EHTOBAaHWMA MiAXiT 0
MOJICTIOBAHHS HaJIAHOCTI Ta
MIPOMYKTUBHOCTI JIIsI OaraToCTaHHUX
CKJIaIHAX JIFONUHO-MaIIMHHUX
CHUCTEM 3 JUHAMIYHOIO MOBEIIHKOIO

An Agent-Based Reliability and

Performance Modeling
Approach for Multistate
Complex Human-Machine
Systems With Dynamic
Behavior.

Feng, Q.; Hai, XS; Huang, BQ;
Zuo, Z.; Ren, Y.; Sun, B.; Yang,
DZ. IEEE ACCESS. 2019.
Volume 7. Page 135300-135311.

A complex human-machine system (CHMS) consists of heterogeneous
components with extensive human-machine interactions. CHMSs are
typical multistate systems with the ability to adapt to disturbances such
as machine failures. These characteristics must be considered
comprehensively to accurately evaluate the reliability and performance
of a CHMS. However, the existing literature scarcely considers both
the reliability and performance simultaneously. In this paper, we
propose an agent-based approach to model and evaluate a CHMS. First,
a general agent-based modeling framework for a CHMS is generated
by analyzing the structure and operations of a CHMS. Then, a dual-
clock mechanism is introduced to describe the behaviors of the
machine failures and human errors. Two environmental disturbance
modeling methods are proposed based on the state transitions of the
agent and random events. The methods to model the repair and
reconfiguration behaviors are presented based on the contract network.
A Monte Carlo-based method is developed to evaluate the reliability
and performance of the CHMS simultaneously. Finally, a deck
scheduling process for an aircraft carrier is used as a case study to
verify the approach. The results show that the reliability and
performance of a CHMS can be effectively evaluated.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005639549
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TToBHicTIO HEJIIHIHHUI METOZ
TPUBHUMIPHOTO JUHAMIYHOTO aHANI3y
(pPUKIIAHOIO KOHTaKTy 3a YMOB
BEJUKOT nedopmarii 3
peryIsIpU3aIli€ro IO

A fully nonlinear three-
dimensional dynamic frictional
contact analysis method under
large deformation with the area
regularization.

Kwon, SL; Kim, S.; Ha, D.; Yun,
GJ. ENGINEERING WITH
COMPUTERS. 2024. Volume
40. Issue 1. Page 399-421.

This paper presents the NTS-AR (node-to-segment with area
regularization) method to analyze the three-dimensional dynamic
frictional contact bodies under large deformation and plastic material
behavior. The extended NTS-AR method considers the 3D geometric
structure of the slave surface and frictional constraint in a convected
coordinate system. Despite wide applications of the penalty-based
node-to-segment (NTS) method, owing to its light computation cost,
the penalty-based NTS algorithm still has limitations in convergence
and accuracy. Unlike the original NTS method setting a constant
penalty parameter, the NTS-AR method compensates the area so that a
proper penalty parameter is applied for each slave node. To the best
knowledge of authors, the NTS-AR method has been applied only to
2D frictionless contact problems, although the method maintains the
advantages of the fast and straightforward algorithm of the original
NTS method and shows an improved accuracy. Following validations
with various three-dimensional numerical examples, the effects of
friction on the tangential and normal forces and displacements under
large deformation are investigated with the proposed method. In
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particular, a collision event of F-35B and aircraft carrier flight deck
is simulated.

CroinbHe  IUIaHYBaHHS — MapUIpyTy
KIUJIBKOX MaJTyOHUX JIITaKiB Ha OCHOBI
6araTtoareHTHOro HaBYaHHS 3
T K PITTICHHSAM

Collaborative Path Planning of
Multiple Carrier-based Aircraft
Based on Multi-agent
Reinforcement Learning.

Shang, ZH; Mao, ZQ; Zhang,
HC; Xu, ML. 23RD IEEE
INTERNATIONAL
CONFERENCE ON MOBILE
DATA MANAGEMENT. IEEE.
2022. Page 512-517.

Path planning of carrier-based aircraft is of great significance to
improve the scheduling efficiency on the aircraft carrier deck.
However, it is not easy to find the optimal paths for multiple carrier-
based aircraft since the environment of carrier deck is highly dynamic
and complex. To overcome this issue, we propose a collaborative path
planning model based on multi-agent reinforcement learning. The
collaborative path planning for multiple carrier-based aircraft is
modeled as a multi-agent reinforcement learning problem, and we
build a model based on the state and action space of the carrier-based
aircraft. Then we train the model in the simulated gird environment of
USS Ford. Finally, the performance of the proposed model is evaluated
by experiments under three fixed scenarios and ten random scenarios,
and results are shown in the form of simulation visualization. The
experimental results show that compared with RRT-Star algorithm,
PSO algorithm and deep reinforcement learning DQN model, the
proposed model has lower response time, higher completion rate and
shorter average path length.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0008616183
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lOpunHa MoIedb IPOTHO3YBAHHS
«HEf[pOHHa  Mepexa  3BOPOTHOIO
HOLINPEHHS - TEHETHYHHN aITOPUTM
BHUIITKOBOTO JIICY - PErpecisi OMOPHUX
BEKTOpIB» Ha OCHOBI PO3KIIaJIaHHS
Y3TOIKEHOCTI EMIIPUYHUX MOJ ISt

pyxy cynxa

A Hybrid BPNN-GARF-SVR
Prediction Model Based on
EEMD for Ship Motion.

Han, H.; Wang, W. CMES-
COMPUTER MODELING IN
ENGINEERING & SCIENCES.
2022.

Accurate prediction of ship motion is very important for ensuring
marine safety, weapon control, and aircraft carrier landing, etc. Ship
motion is a complex time-varying nonlinear process which is affected
by many factors. Time series analysis method and many machine
learning methods such as neural networks, support vector machines
regression (SVR) have been widely used in ship motion predictions.
However, these single models have certain limitations, so this paper
adopts a multi-model prediction method. First, ensemble empirical
mode decomposition (EEMD) is used to remove noise in ship motion
data. Then the random forest (RF) prediction model optimized by
genetic algorithm (GA), back propagation neural network (BPNN)
prediction model and SVR prediction model are respectively
established, and the final prediction results are obtained by results of
three models. And the weights coefficients are determined by the
correlation coefficients, reducing the risk of prediction and improving
the reliability. The experimental results show that the proposed
combined model EEMD-GARF-BPNN-SVR is superior to the single
predictive model and more reliable. The mean absolute percentage
error (MAPE) of the proposed model is 0.84%, but the results of the
single models are greater than 1%.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0008120655
00001

CucreMu aBTOMaTH30BaHOIO YNIPABJIIHHSA



https://www.webofscience.com/wos/woscc/full-record/WOS:000861618300088
https://www.webofscience.com/wos/woscc/full-record/WOS:000861618300088
https://www.webofscience.com/wos/woscc/full-record/WOS:000861618300088
https://www.webofscience.com/wos/woscc/full-record/WOS:000861618300088
https://www.webofscience.com/wos/woscc/full-record/WOS:000812065500001
https://www.webofscience.com/wos/woscc/full-record/WOS:000812065500001
https://www.webofscience.com/wos/woscc/full-record/WOS:000812065500001
https://www.webofscience.com/wos/woscc/full-record/WOS:000812065500001

63

Ha3pa nyoaikamii (YKp.) Jlani npo ny0Jikaniio AHoranig (aHrju.) IMocuaanusa
Amamiz 3aBmaHHS mocamku  Ha | Analysis of the Aircraft | The piloted/automatic aircraft carrier landing task is analyzed. The | https://www.webofscience.
aBiaHocerp, mimoryBaHHd  1umtoc | Carrier Landing Task, Pilot plus | design of a robust flight control system is utilized which forms the basis | com/wos/woscc/full-

ayTMeHTallisl / aBTOMaTH3aIlisA

Augmentation/Automation.
Hess, RA. 2nd International-
Federation-of-Automatic-
Control Conference on Cyber-
Physical and Human-Systems.
IFAC PAPERSONLINE. 2019.
Volume 51. Issue 34. Page 359-
365.

of either a control augmentation system or a completely automatic
carrier landing system. A pursuit model of the human pilot is developed
that includes the ability to generate landing approach time histories and
handling qualities predictions. The aircraft carrier environment
includes ship heave motion, atmospheric turbulence and ship airwake.
The proposed methodology provides a framework for the analysis of
human/machine integration in flight control.

record/ WOS:0004581434
00059

VYIOCKOHATIEHUI METON KEepyBaHHS
MOCAJKOK OE3ITiJIOTHOrO JIITaabHOTO
amapary Ha aBiaHOCEllb Ha OCHOBI
¢binsrpanii YacCTHHOK 3 ypaxyBaHHSIM
oOMEXeHb - HEeNHINHOI  Mozmenl
TPOTHO3HOTO KEPYBaHHSL.

An Advanced Control Method
for Aircraft Carrier Landing of
UAV Based on CAPF-NMPC.
Chen, DH; Xu, LF; Wang, CG.
AEROSPACE. 2024. Volume
11. Issue 8, 656.

This paper investigates a carrier landing controller for unmanned aerial
vehicles (UAVs), and a nonlinear model predictive control (NMPC)
approach is proposed considering a precise motion control required
under dynamic landing platform and environment disturbances. The
NMPC controller adopts constraint aware particle filtering (CAPF) to
predict deck positions for disturbance compensation and to solve the
nonlinear optimization problem, based on a model establishment of
carrier motion and wind field. CAPF leverages Monte Carlo sampling
to optimally estimate control variables for improved optimization,
while utilizing constraint barrier functions to keep particles within a
feasible domain. The controller considers constraints such as fuel
optimization, control saturation, and flight safety to achieve trajectory
control. The advanced control method enhances the solution,
estimating optimal control sequences of UAV and forecasting deck
positions within a moving visual field, with effective trajectory tracing
and higher control accuracy than traditional methods, while
significantly reducing single-step computation time. The simulation is
carried out using UAV "Silver Fox", considering several scenarios of
different wind scales compared with traditional CAPF-NMPC and the
nlmpc method. The results show that the proposed NMPC approach
can effectively reduce control chattering, with a landing error in rough
marine environments of around 0.08 m, and demonstrate
improvements in trajectory tracking capability, constraint performance
and computational efficiency.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0013051537
00001

Po3pobka €KBI1IMCTAaHTHOIL
LICCTUKYTHOI CHCTEMH KOTYILIOK JUIst
pO3MarHigyBaHHS BilICEKOBO-
MOPCBHKUX TPAHCHOPTHHX 3aC00iB

Design of Equidistant
Hexagonal Coil System for
Demagnetization of  Naval
Vehicles.

Singh, R.; Jain, S.;.Singh, V;
Kazi, F.; Singh, SN; Pandey, RK;
Panigrahi, BK; Kothari, DP.

In various applications of defence and research such as
demagnetization of naval vehicles and satellites, removal of residual
magnetic field plays an essential role. For such use cases, conventional
way of demagnetization is the use of Helmholtz coils and Merritt coils.
These coil systems produce uniform magnetic field, but the volume of
the uniform region is relatively smaller. Therefore, for the applications
which require patch of uniform magnetic field for longer longitudinal

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006131310
00019
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ADVANCES IN POWER AND
CONTROL ENGINEERING,
GUCON. 2020. Volume 609.
Page 251-262.

length of the region such as deperming process of Submarine, Aircraft
Carrier; these coil systems become infeasible to implement practically
due to their enormous size. Another impediment in implementation of
above-mentioned coil system is that when size of coil system becomes
larger, the requirement current also increases for the same degree of
results. This increasing amount of current poses issues of more
complexities in electrical control circuits, heat dissipation and cost.
Another disadvantage with such system is that a slight shift from the
optimized position causes a larger change in uniformity, and thus, such
systems are not robust with shift in location. This paper proposes a
novel method for the design of a higher-order equidistant coil system
which overcomes these flaws and presents a technique to compute the
ampere-turns requirement of each coil for generation of higher-degree
homogeneous magnetic field. The system so designed has more
feasible design parameters as compared to the conventional systems for
high uniformity applications. The proposed system is sturdier and fault
tolerant against any deviation or error from the ideal design parameters.
The theoretical results are matched against the finite element
simulation software Opera which are in close agreement.

JlocmiKeHHST CHCTEMH TI0CAIKOBHX

YMOB HayOHUX JIITaKiB

Research on Landing
Environment System of Carrier-
Based Aircraft.

Su, XD; Li, H.; Zhang, YR;
Jiang, HT; Zhao, M.
PROCEEDINGS OF THE 2019
3IST CHINESE CONTROL

To guarantee the safety of carrier-based aircraft, the landing
environment system has been researched in this paper. After being
familiar with deck landing geometry, we model the aircraft
carrier motion, including deterministic model and random model. The
transformation law of atmospheric disturbances has been analyzed. We
design horizontal wake flow, lateral wake flow and vertical wake flow
three components. Finally, the landing system of carrier-based aircraft

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005558590
02174

AND DECISION | is comprehensively integrated.

CONFERENCE. IEEE. 2019.

Page 2747-2750.
[IpoexTyBaHHA MO3A0BXHBOI cuctemu | Design of Longitudinal | This paper mainly aims at automatic carrier landing task under high sea | https://www.webofscience.
aBTOMAaTUYHOI mocaaku JiTakiB Ha | Automatic Carrier Landing | conditions, and proposes a method for designing the landing guidance | com/wos/woscc/full-
aBiaHocellb Ha OCHOBI HaBuanHs 3 | System Based on Reinforcement | law based on reinforcement learning, and the effect of which is also | record/ WOS:0014632218
M AKPITUICHHSIM Learning. tested and analyzed. This paper first established the longitudinal small | 00287

Wang, JH; Tang, HN; Liu, HL;
Wang, LX; Chen, DQ; Lu, YH.
ADVANCES IN GUIDANCE,
NAVIGATION AND
CONTROL. 2023. Volume 845.
Page 2964-2976.

perturbation equation, control law model, ship surface atmospheric
environment model and aircraft carrier deck motion model of F-18
carrier-based aircraft as the guidance law training environment. For
better docking engineering practice, the outer loop of the automatic
carrier landing system (ACLS) designed in this paper adopts landing
guidance law based on reinforcement learning, and the inner loop
adopts traditional H(over dot) tracking control law. It is found that the
landing accuracy of the guidance law-based on reinforcement learning
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is significantly better than that based on the PID algorithm. When
facing steady-state disturbance, it can anticipate disturbances and resist
them to ensure the accuracy of the mean value of landing point. In the
face of random disturbance, it can also generate more appropriate
instructions and reduce the distribution range of landing points. In this
paper, the Markov decision process modeling method of ship landing
mission is also studied from the perspective of flight dynamic. The
result shows that it is very important to select the appropriate state
quantity as the input. And after adding random factors into the state
transition function, the training effect of guidance law is significantly
improved. The random environment should consider not only random
distribution, but also amplitude. Adding random amplitude disturbance
can significantly improve the training effect.

TenexomyHikamii

1

BigcrexeHHs eninTuyHOro od'ekra 3

Tracking of Elliptical Object

This article addresses the problem of tracking an elliptical object (e.g.,

https://www.webofscience.

HeBimomumu, ane  ¢ikcoBanumu | With  Unknown but Fixed | a vehicle or aircraft carrier) with unknown but fixed lengths of axes. In | com/wos/woscc/full-
JIOBKUHAMH Oceit Lengths of Axes. practice, such axis lengths are usually time invariant, but the | record/ WOS:00110179130
Li, MK; Lan, J.; Li, XR. IEEE | orientation and kinematics may be time varying. To model this | 0124
TRANSACTIONS ON | extended object tracking (EOT) problem well, we represent the
AEROSPACE AND | kinematics and orientation by a random vector, and represent the axis
ELECTRONIC SYSTEMS, | lengths by nonrandom unknown parameters. We investigate the
2023. Volume 59. Issue 5. Page | expectation-maximization (EM) algorithm and propose an EM-based
6518-6533. EOT approach, which utilizes the prior information about the invariant
lengths and estimates the state and parameters in a unified framework.
To reduce computation for real-time applications, we develop a
recursive, easy to implement approach. Handy and efficient estimation
of axis lengths is developed. Simulation and real-data results are
presented to illustrate the effectiveness of our modeling and approach.
2 Meron  po3paxynky #moBipHocti | Method of Calculating the | We propose the method for calculating the probability of a safe landing | https://www.webofscience.

0e31meqHol mocaaKu It KopabembHIX

JTATPHUX anapariB

Probability of a Safe Landing for
Ship-Based Aircraft.
Semakov, S.; Semakov, 1. IEEE

TRANSACTIONS ON
AEROSPACE AND
ELECTRONIC SYSTEMS.

2022. Volume 58. Issue 6. Page
5425-5442.

for ship-based aircraft. We define a safe landing as the event that the
initial touch of the landing surface by an aircraft occurs on a given
segment of the deck, and at the time of this contact, the phase
coordinates of the aircraft (elevation angle, banking angle, vertical
velocity, and so on) are within the specified limits. We propose a
formula for estimating the desired probability and a formula for
determining the maximum possible error Delta P of this estimate: If P
is an unknown exact value of the desired probability and (P) over cap
is an approximate calculated value. then vertical bar P - (P) over cap
vertical bar <= Delta P. We implement the method on the example of
the automatic landing of a MIG-29 K aircraft on the aircraft

com/wos/woscc/full-
record/ WOS:0008950810
00041
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carrier "Admiral Kuznetsov." Rand perturbations are caused by an
atmospheric turbulence and ship's motions. We present and discuss the
calculation remits. These results show that the error Delta P is
negligible, so that the proposed formula for (P) over cap determines the
desired probability P almost exactly.

HoBuii opieHtup it Kiacudikarii
300pakeHb Ha PiBHI €K3EMIUIAPIB

A New Benchmark for Instance-
Level Image Classification.
Kang, K; Pang, GM; Zhao, X;
Wang, JB; Li, Y. IEEE ACCESS.
2020. Volume 8. Page 70306-
70315.

Although fine-grained image classification is able to classify more
fine-grained sub-categories compared to its coarse-grained
counterpart, it often fails to identify individual instances. Therefore, we
propose a new instance-level image classification task which further
refines the granularity of fine-grained classification in order to identify
unique instances rather than a sub-category containing multiple
instances. In addition, we introduce an instance-level image
classification dataset, AircraftCarrier, which contains 20 global aircraft
carrier classes, as the first publically available dataset for instance-
level image classification. The classification of instance-level aircraft
carriers can prove to be a challenging task due to large intra-category
differences as well as variations in the camera view, illumination, scale,
and the presence of complex backgrounds. The AircraftCarrier dataset
put forward here has the potential to improve the development of
instance-level image classification. At the same time, we provide a
Simple Classification Head (SCH) technique for the classification of
aircraft carriers, with classical convolutional neural network models as
the backbone network. The SCH has better performance than a direct
classification head, and these results provide a benchmark performance
result for researchers. Furthermore, we evaluate several fine-grained
image classification methods and give their benchmark results. Finally,
we present the challenges of instance-level classification and discuss
further directions. This study provides the first publicly available
instance-level image classification dataset and a performance
benchmark for further research. The dataset and codes can be
downloaded at https://github.com/tsinggsu/AircraftCarrier Dataset.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0005498299
00018

Mozens MOpPCHKOrO HaBeIEHHS Ta
BIJICTeXKEHHS [UIS ONTHUYHOIO 3B'S3KY
Y BUIBHOMY MPOCTOPIi AJISt BIHCHKOBHUX
migen

A Maritime Pointing and
Tracking Model for Free Space
Optical Communications in
Military Use Cases.

Eames, D.; Chen, C.; Videv, S.;
McDonald, D.; Haas, H., Butler,
IME. INTERNATIONAL
CONFERENCE ON MILITARY
COMMUNICATIONS  AND

Due to increasing congestion found in the electromagnetic spectrum,
alternatives must be explored for future communication capabilities.
Free Space Optical Communications (FSOC) has the potential to
achieve secure, reliable, pervasive, and high-performance wireless
connectivity. In this paper, the advantages / disadvantages of the
application of FSOC in military use cases will be discussed with a
review of the related research. We will provide a case study on the
simulation of a camera-based pointing and tracking system deployed
on an above-water platforms (Queen Elizabeth Class aircraft carrier /
Archer Class patrol vessel).

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0010710585
00030
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INFORMATION  SYSTEMS,
ICMCIS. IEEE. 2023.

5 UymmuBicte no mommwiok Hagiramii | Navigation Error Sensitivity of | This paper presents a system-level analysis of the navigation errors in | https://www.webofscience.
ABTOHOMHHUX CHUCTEM TOocaJku JitakiB | Autonomous Carrier Landing | an autonomous UAV carrier-landing scenario with a focus on fixed- | com/wos/woscc/full-
Ha aBiaHoCelb y CepemoBHIIAx, jae | Systems in GPS-denied | wing aircraft. The research identifies relationships between relative | record/ WOS:0008392984
nemae GPS Environments. state estimation errors and navigation system parameters. The method | 00011
Gerratt, T,; Strate,  A.; | for achieving this objective is to construct a Monte Carlo simulation of
Christensen, R. ION POSITION, | the UAV landing on the aircraft carrier. An indirect Extended Kalman
LOCATION AND | Filter is used in the simulation to estimate the position, velocity, and
NAVIGATION SYMPOSIUM. | attitude of both the UAV and aircraft carrier. Results of the simulation
IEEE. 2020. Page 81-90. focus on the relative position, velocity and attitude covariances at three
seconds prior to touch down. The sensitivity of these covariances to
measurement availability and frequency is illustrated as a function of
IMU grade and camera errors. The results identified in this research
enables designers to select system components which minimize cost
while maintaining mission-specific navigation error requirements.
IncTpymenTH
1 INpornosne kepyBanHs ctoxactuunoro | Output-Feedback Stochastic | AUTOMATED carrier landings, especially for unmanned aircraft, | https://www.webofscience.

MOJIEIUTIO 31 3BOPOTHHM 3B'SI3KOM 32
BUXOAOM [UIA BIJCTEXEHHS DIIicaau

I yac MocaaKy aBiaHOCIA

Model Predictive Control for
Glideslope Tracking During
Aircraft Carrier Landing.

Misra, G.; Bai, XL. JOURNAL
OF GUIDANCE CONTROL
AND DYNAMICS.  2019.
Volume 42. Issue 9. Page 2098-
2105.

remain one of the most critical challenges in naval operations [1]. In
addition to a smaller landing area as compared to a conventional
airport, perturbations due to carrier airwakes, atmospheric turbulence,
and carrier motion in the sea pose significant control difficulties. To
maintain the predetermined airspeed, with reference glideslope
tracking in the presence of external disturbances, a real-time robust
optimal landing control methodology is desired. Research on carrier
landing control is rich with some recent schemes, including
proportional-derivative-integral (PID)-based designs [2], pseudo-
sliding-mode control [3], 11 adaptive control [4], nominal model
predictive control [5], adaptive disturbance rejection control [6], and
optimal preview control [7]. An automated carrier landing system with
noise rejection capability was proposed in Ref.[8] based on a tracking
filter that was able to reduce the noise content of altitude and derivative
estimates while maintaining the turbulence response to the original
specifications. Although techniques such as PID control and nominal
model predictive control (MPC) usually perform well. However, under
inclement weather and sea-state perturbations, the controller
performance will be severely degraded because these approaches are
not robust to disturbances. Sliding-mode and adaptive control
techniques are better suited to handle disturbances but lack optimality
and constraint handling properties. During powered approach and
landing, a large source of error is attributed to the turbulent air

com/wos/woscc/full-
record/ WOS:0004823881
00016
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environment in the approach path along with the carrier’s own motion
in the sea [9]. Sources of turbulence include discrete and continuous
wind gusts, wind shear, and carrier ship airwakes [10]. An interesting
feature of the wind disturbance models is that a portion of the wind can
be modeled as filtered white noise [11]. Thus, the statistical properties
of the underlying disturbance can be leveraged to develop an efficient
robust optimal control scheme.

Jlerke CaMOKOHTPOJIbOBaHE
PO3Ti3HABAHHS CYIECH MaJIMX 3pa3KiB 3
BUKOPUCTAHHSIM MiKpPOIOIUIEPiBCHKUX
CUTHATyp Ta HAIIIUPOKOCMYTOBOTO
pamapa Ha 0a3i  OE3miJIOTHOrO
JIITATBHOTO anapara

Lightweight  Self-Supervised
Recognition of Small-Sample

Ships Using Micro-Doppler
Signatures and UAV-Based
UWB Radar.

Zhu, LZ; Zhang, Q.; Chen, KY;
Ma, Q.; Chen, S.; Zhang, SN;

Yuan, Y. IEEE
TRANSACTIONS ON
INSTRUMENTATION  AND
MEASUREMENT. 2024.

Volume 73, 8504210.

The continuous advancement of shipbuilding technology has enabled
the further development of sea transport and naval vessels, which also
poses significant challenges to navigation safety. Accurate recognition
of different types of ships is crucial. In this study, three typical ships,
namely a destroyer, cruise ship, and aircraft carrier, were taken as
examples. The micro-Doppler effect of these ships was analyzed using
a unmanned aerial vehicle (UAV)-based ultrawideband (UWB) radar.
Echo signal models were established and compared with measured
Doppler signals. Furthermore, a lightweight self-supervised learning
network was proposed to achieve accurate recognition of small-sample
labeled ship targets. The neural network architecture, including specific
layers and parameters, was introduced. To enhance the micro-Doppler
features, the 1-D signals were transformed into 2-D images, thereby
converting the ship recognition problem into an image classification
problem. The experimental results demonstrate that the proposed
network achieves high recognition accuracy under different situations.
When evaluated on measured data, the overall recognition rate reaches
97.50%. Moreover, even in challenging scenarios with a low signal-to-
clutter ratio (SCR) of -10 dB, the overall recognition rate for simulated
data still exceeds 90%, demonstrating the effectiveness and advantages
of the proposed network.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0012316332
00002

lepapxiune po3mi3HaBaHHS CyIeH 3
OaraTbMa MiTKaMU Ha 300pa)KeHHSIX
JMCTAHLIHOTO 30HIyBaHHS 3
BUKOPUCTAaHHAM TrpadiB BiJHOIICHb
MITOK

Hierarchical multi-label ship
recognition in remote sensing
images using label relation
graphs.

Chen, JZ; Qian, YT.
INTERNATIONAL
GEOSCIENCE AND REMOTE
SENSING SYMPOSIUM
IGARSS. 2021. Page 4968-
4971.

IEEE

Hierarchical multi-label classification (HMC) aims to assign multiple
labels to every instance with the labels organized under hierarchical
relations. In the application of ship recognition in remote sensing
images, a ship can own coarse-to-fine hierarchical labels, e.g., the
military ship, aircraft carrier, and nimitz class aircraft carrier. In this
paper, we propose to combine two forms of loss functions to solve the
HMC problem based on the neural network. The first probabilistic
classification loss is to encode the hierarchical knowledge by
introducing hierarchy and exclusion (HEX) graphs to impose
constraints on hierarchical labels. The second cross-entropy loss
imposes the softmax normalization on leaf nodes in the hierarchy to
discriminate fine-grained classes. We evaluate our method on the high
resolution satellite image dataset for ship recognition (HRSC), in

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0012501398
05036
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which hierarchical labels are organized as the three-level tree. The
proposed method shows comparative results compared to state-of-art
HMC models.

MarepiajioO3HABCTBO

1

Merton TPUPOAHOIO HATXHEHHS JUIS
OINTHMIi3alii napamerpiB 3BaprOBaHHS
A-GTAW st xopabesbHOI cTai

Natural inspiration technique for
the parameter optimization of A-
GTAW welding of naval steel.
Sathish, T.; Kumar, SD;
Muthukumar, K.; Karthick, S.
International  Conference on
Recent Trends in Nanomaterials
for Energy, Environmental and
Engineering Applications.
MATERIALS TODAY-
PROCEEDINGS. 2020. Volume
21. Part 1. Page 843-846.

The DMR249A steel is uniquely developed by a high strength low alloy
(HSLA) steel. In India, the steel is being used for the construction of
Indian Aircraft Carrier and other shipyards. Develop the depth of
penetration (DOP) and achieve in a single pass for gas tungsten arc
welding (GTAW) process. The GTAW process is called activated flux
gas tungsten arc welding (A-GTAW). Response surface methodology
(RSM) and Taguchi technique are used for Design of experiments
(DOE) approach. Depth of penetration in a single pass to optimize the
welding parameters. The current, torch speed and arc gap are
considered as an input variable. The DOP was considered as the
response variable. To develop both optimization technique depends on
the process parameters. To identified optimum process parameters
were validated by bead on plate experiments. The RSM (D-optimal)
and Taguchi optimization technique the DOP values are measured and
predicted to the RMS error. Thus, RSM (D-optimal) was observed to
predict optimized welding process parameters for achieving maximum
DOP with better accuracy during A-GTAW process.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005129024
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UucenbHe
Terionepeaayi Ta
XapaKTepUCTUK TO(POBAHOI CEHBIY-
CTPYKTYpU 3 METAICBOI0 IIIHOK 3
BiJIKPUTUMH [IOPAMHU

JOCHIHKEHHS
HECY4nX

Numerical study of heat transfer
and load-bearing performances
of corrugated sandwich structure
with open-cell metal foam.
Xiao, T.; Lu, L.; Peng, WH; Yue,
ZS; Yang, XH; Lu, TJ;
Sunden, B. INTERNATIONAL
JOURNAL OF HEAT AND
MASS TRANSFER. 2023.
Volume 215, 124517.

Critical engineering applications require lightweight components that
can effectively dissipate heat and provide sufficient load-bearing
capacity. Examples of such applications include the jet blast deflector
(JBD) on an aircraft carrier and engine combustion chambers in
supersonic vehicles. While lightweight corrugated sandwich structures
(CSSs) exhibit excellent load-bearing capacity, their heat transfer
capacity falls short. To overcome this limitation, a strategy of filling
the CSS with an open-cell metal foam (MF) is proposed to create a
sandwich structure with ultralight load bearing and heat transfer
capabilities. Numerical simulations were conducted to study the heat
transfer and load-bearing performance of this new structure. The
findings indicate that the use of a MF significantly improves the heat
transfer capabilities of the CSS. Compared to the CSS, the Nusselt
number of MF and CSS-foam composite at a Reynolds number of 240
were enhanced by 51.3% and 102.3%, respectively. The overall
thermal performance of CSS-foam composites was optimized under
the same pumping power constraints. In turbulent conditions, the
overall thermal performance of CSS-foam composites was 5.9% to
55.4% higher than that of CSS in turbulent conditions. Furthermore,
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the simulations showed that when the CSS was subjected to static and
quasi-static compression, the maximum von Mises stress occurred at
the connection between the panel and the web.

JunamiyHa B'SI3KiCTh pyHHYBaHHS Ta
MEXaHi3M  TOIIKODKEHHS  CTaui
38CrMoAl min gieo  koposii B
CONBOBOMY TyMaHi

Dynamic fracture toughness and
damage mechanism of
38CrMoAl steel under salt spray
corrosion.

Zhang, ZZ; Mao, HT; Chen, YL;
Wu, XJ; Zhou, SL; Hu, WL.
THEORETICAL AND
APPLIED FRACTURE
MECHANICS, 2022. Volume
119, 103382.

Under the environmental conditions of the aircraft carrier surface, the
structure of the carrier aircraft has to withstand the interaction between
the takeoff and landing impact load and the corrosion of the marine
environment. 38CrMoAl steel is the main material of a carrier aircraft
structure which is frequently subjected to impact load. In order to
obtain its dynamic fracture toughness under corrosive conditions, it
was tested by a experimental-numerical method. The dynamic
constitutive model parameters of the corroded 38CrMoAl steel were
obtained through dynamic mechanical tests, which were imported into
the established finite element model to obtain the dynamic fracture
factor time history curve of the material under corrosive conditions.
Then, the dynamic crack initiation time of the corroded 38CrMoAl
steel was obtained by the three-point bending dynamic fracture
toughness test device. Combined with the dynamic fracture factor time
history curve, the dynamic fracture toughness of the corroded
38CrMoAl steel was determined. Finally, the fracture mechanism of
38CrMoAl steel under the interaction between corrosion and high
strain rate loading was analyzed according to the fracture morphology
and EDS energy spectrum of specimens with different loading rates
and corrosion cycles. This method provides a new idea for testing the
dynamic fracture toughness of corroded materials.
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00001

AONAIINMHI  BIACTUBOCTI KOMIIO3HUTY
C/C-SiC y mom cuimy namyOHHX
JITaKiB

Ablative Properties of C/C-SiC
Composite in the Wake Flow
Field of Carrier-based Aircraft.
Wang, DW; Li, C.; Meng, DR.;
He, QF. RARE METAL
MATERIALS AND
ENGINEERING. 2019. Volume
48. Issue 7. Page 2317-2322.

In order to improve the working performance of the gas deflector
of aircraft carrier, the ablation test intended for simulating the takeoff
condition was conducted by placing the test specimens of C/C-SiC
composite in the wake flow of carrier-based aircraft so as to measure
the ablative rate of the specimens. The microstructure of the test
specimens after ablation was analyzed by scanning electron
microscope (SEM) and micro-CT, the components of combustion
products were measured by energy dispersive spectrometry (EDS), and
the ablation mechanism and thermal shock damage of the test
specimens were analyzed. The results show that the linear ablative rate
of the test specimen is about 0.0405 mm/s and the mass ablative rate is
about 0.0349 g/s. The heat-affected zone experiences matrix cracking,
and the oxidation reaction is not obvious. In the transition zone, the
Si02 produced by the reaction is precipitated around the carbon fibers
and forms a sheathing structure, thus effectively retarding oxidation
reaction from transferring inward and reducing the ablative rate of the
test specimen. In the center of ablation, the retardation of SiC on

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004804934
00040



https://www.webofscience.com/wos/woscc/full-record/WOS:000802185400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000802185400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000802185400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000802185400001
https://www.webofscience.com/wos/woscc/full-record/WOS:000480493400040
https://www.webofscience.com/wos/woscc/full-record/WOS:000480493400040
https://www.webofscience.com/wos/woscc/full-record/WOS:000480493400040
https://www.webofscience.com/wos/woscc/full-record/WOS:000480493400040

71

Ha3pa nyoaikamii (YKp.)

Jlani npo ny0Jikaniio

AHoranig (aHrju.)

IMocnaanna

oxidation reaction is slight and the test specimen forms a concave pit,
with carbon fibers being distributed in the shape of pointed bamboo
shoots. On the whole, the material gives its outstanding anti-ablative
performance.

5 VnockoHaJIEHUA METOH BHUSBICHHS
3JIITHO-TIOCA/IKOBOI CMYI'H aBiaHOCIIS
HA OCHOBI YCYHCHHS 3aTyMaHIOBaHHS

An Enhanced Aircraft
Carrier Runway Detection
Method Based on Image
Dehazing.

Li, CL; Wang, YY; Zhao, Y.;
Yuan, C.; Mao, RE; Lyu, P.
APPLIED SCIENCES-BASEL.
2024. Volume 14. Issue 13, 5464.

Carrier-based Unmanned Aerial Vehicle (CUAV) landing is an
extremely critical link in the overall chain of CUAV operations on
ships. Vision-based landing location methods have advantages such as
low cost and high accuracy. However, when an aircraft carrier is at
sea, it may encounter complex weather conditions such as haze, which
could lead to vision-based landing failures. This paper proposes a
runway line recognition and localization method based on haze
removal enhancement to solve this problem. Firstly, a haze removal
algorithm using a multi-mechanism, multi-architecture network model
is introduced. Compared with traditional algorithms, the proposed
model not only consumes less GPU memory but also achieves superior
image restoration results. Based on this, We employed the random
sample consensus method to reduce the error in runway line
localization. Additionally, extensive experiments conducted in the
Airsim simulation environment have shown that our pipeline
effectively addresses the issue of decreased detection accuracy of
runway line detection algorithms in haze maritime conditions,
improving the runway line localization accuracy by approximately
85%.
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MIHHO-TPAJIBHI KOPABJII

300pakeHHS
In:kenepis
1 HeuiTka inenTugiKaris CTaHy

HAJIHHOCTI TPOAYKTUBHOI CHCTEMHU
MIHHOTO BHSIBIICHHS KOpaOIIst

Fuzzy identification of the
reliability state of the mine
detecting  ship  propulsion
system.

Pajak, M.; Muslewski, L.;
Landowski, B.; Grzadziela, A.
POLISH MARITIME
RESEARCH. 2019. Volume 26.
Issue 1. Page 55-64.

The study presents the evaluation and comparative analysis of engine
shaft line performance in maritime transport ships of the same type.
During its operation, a technical system performs functions for which
it was designed. It goes through different states. Dynamic state changes
of a rotational system can be identified by means of its vibration
measurement. For this purpose, a research was carried out which
involved recording vibrations of the analysed rotational systems. The
recordings were used for calculating selected characteristics in the
time-domain, where one of the most unique is the value of the
normalized mutual correlation function. On the basis of the
concentration values, the characteristics which unambiguously
determine the ability state were selected for further studies. Then an
identification method for rotational system non-coaxiality was
proposed. The method involves using fuzzy clustering. According to
this method the values of input signal characteristics were used to
formulate fuzzy clusters of system ability and inability states. The
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method can be used for identifying the current state of the system. The
study presents the results of the application of this method in engine
turbine shaft lines of minesweepers, with the rotational system selected
as an example. It needs to be noted that the efficiency of identifying the
operating state of the system with this method is higher than with other
methods described in the literature by authors who deal with this issue.
The research results have a significant impact on the evaluation of
mechanical properties of the studied objects and directly affect
operational states of mechanical systems, including those installed in
minesweepers, thus determining their reliability.

Bumorn no TouHOCTI
orepariii
MOPCBKUX
T'BUHTOKPHIIIB

pyxy Ans
rejikonTepa-cyiHa B

aBlaCUMYIATOpax

Motion Fidelity Requirements
for Helicopter-Ship Operations
in Maritime Rotorcraft Flight
Simulators.

Memon, WA; Owen, I.; White,
MD. JOURNAL OF
AIRCRAFT. 2019. Volume 56.
Issue 6. Page 2189-22009.

The research presented in this paper is part of a longer-term project to
develop overall fidelity requirements for simulated helicopter
shipboard operations to inform and support first-of-class flight trials.
The paper reports the results of motion cueing assessment and
optimization research, conducted in a six-degree-of-freedom motion
flight simulator, to develop simulator motion drive laws capable of
providing high-fidelity motion cueing for simulated shipboard
operations. To do this, a novel objective technique, vestibular motion
perception error (VMPE), has been developed. The technique was used
to optimize the motion cues for simulated helicopter landings on a
naval single-spot destroyer at different wind and sea-state conditions.
New simulator motion tuning sets were derived offline and then tested
experimentally to compare the objective VMPE predictions with
subjective assessments from a test pilot. Results show the influence of
different motion cues, airwake conditions, and ship motion states on
the pilot's overall perception of self-motion, control strategy, task
performance, and workload. It was found that high-fidelity motion
cueing becomes more desirable for the pilot at higher wind conditions
and sea states, for which an "Optimized" motion setting was obtained
using the new technique. Moreover, the use of an "Optimized" motion
setting generated by the VMPE methodology resulted in reduced pilot
workload, leading to improved simulated maritime helicopter
operational capability. The technique provides a rational methodology
for motion tuning, which could be applied in training and engineering
simulators.
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MonentoBaHHS CTaTUYHOL Ta
TIOBITPSTHOI CITIIOBOI XBWIJII €CMIHIISA
HATO  cepemnpoi  TOWHOCTI 3
BUKOPHCTAaHHAM MeTony PemriTku-
BonpiMana y  mTOpiBHAHHI 3
EKCIIePUMEHTAIEHUMHI JaHUMU

Mid-fidelity NATO
generic destroyer static and
moving-ship airwake

simulations using the Lattice-
Boltzmann method compared
with experimental data.

During rotorcraft ship -deck landing operations, complex interactional
aerodynamic phenomena occur between the rotor and ship airwakes
which are not fully understood. To aid in ship-rotorcraft interactional
investigations, efficient mid -fidelity ship airwake solutions are
needed. Additionally, the effects of ship motion have not been explored
much. In this study, the NATO Generic Destroyer, a shared,
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Ashok, SG; Rauleder, J. OCEAN
ENGINEERING. 2024. Volume
298, 117264.

representative ship geometry created for collaborative studies, was
investigated numerically using a GPU-accelerated Lattice -Boltzmann
Method solver, and the ship airwake results compared with wind tunnel
measurements using discrete velocity probes on the landing deck. The
ship surface was modeled using a robust Grad immersed boundary
approach, and ship motion was thereby included in the simulations.
Ship airwake results showed good agreement with the experiment and
excellent computational performance. Simulations took under four
hours to run on a single GPU node. This is several orders of magnitude
improvement over traditional Delayed Detached -Eddy Simulations
typically used to solve this problem, which may take days or weeks on
CPU -based HPC clusters.

CoHap GOKOBOT'0 OIVISTY: JOTIOBHEHHS
3pa3kiB 300payKeHb MiJBOAHUX IliJICH

Ha OCHOBI B3a€MO3B'SI3KY
MIXIOMEHHOIO BiJI0OpasKEeHHSI
300pakeHb OJHOrO K TOro XK

¢iznuHOroO 00'€KTA

SSS Underwater Target Image
Samples Augmentation Based on
the Cross-Domain Mapping
Relationship of Images of the
Same Physical Object.

Tang, YL; Wang, LM; Bian, SF;
Jin, SH; Dong, YT; Li, HP; Ji, B.
IEEE JOURNAL OF
SELECTED  TOPICS IN
APPLIED EARTH
OBSERVATIONS AND
REMOTE SENSING. 2023.
Volume 16. Page 6393-6410.

Side-scan sonar (SSS) image sample augmentation plays an important
role in improving the effect of deep-learning-based underwater target
detection. However, the existing sample augmentation methods for
cross-domain conversion always result in weak representativeness of
the augmented samples since the targets in the nondomain images are
similar but not exactly the same as the actual underwater target to be
detected. In this article, an augmentation method for SSS image
samples of underwater targets based on the cross-domain mapping
relationship of images of the same object is proposed. A physical model
of the actual underwater target was first constructed using three-
dimensional printing. A series of optical images and SSS images of
underwater targets can be obtained by using the actual measurement of
underwater targets under different conditions. To achieve the
augmentation of SSS target samples, a single-cycle-consistency
network structure with a channel and spatial attention and generative
adversarial networks with least squares loss was designed for efficient
and robust conversion of information between optical and SSS acoustic
samples. To verify the effectiveness of the proposed method in
generating high-quality samples, underwater targets were detected
using the detection model trained by the generated samples. The
experimental results revealed that the proposed method achieved
impressive performance with a more than 5.8% improvement in
average precision value for zero-sample underwater mine target
detection and 4.3% for few-sample shipwreck target detection,
compared with using only real SSS data.
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[Migxin 10 MpOEKTYBaHHS IS OIiHKH
BIUIMBY O€3KOHTAKTHHUX ITiJJBOXHUX
BHOyXiB Ha KOMIIO3UTHI KopaOi
BM®.

A Design Approach to Assess
Effects of Non-Contact
Underwater  Explosions  on
Naval  Composite  Vessels.

Despite the non-contact underwater explosion phenomena (UNDEX)
have been studied for decades and several numerical methods have
been proposed in literature, its effects on military structures, especially
composite ones, are even nowadays matter of research. In early design
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SCIENCE AND
APPLICATION. 2024. Volume
23. Issue 2. Page 316-326.

phases, it is not always possible to verify the shock resistance of hull
structures modelling the whole phenomenon, in which fluid, gas and
solid properties must be properly set in a fully coupled fluid-structure
interaction (FSI) numerical model. These ones are extremely complex
to set, computationally demanding and certainly not suitable for
everyday design practice. In this paper, a simplified finite element (FE)
model, easy to use in an early design phase, is proposed. Both, the
structure and the fluid are simulated. In this approximation, the fluid
behaviour is simplified, using special finite elements, available in a
commercial software environment. This choice reduces the
computational time and numerical efforts avoiding the problem of
combining computational fluid dynamics (CFD) and FE domains and
equations in a fully coupled fluid-structure interaction model. A typical
parallel body block of a minesweeper is modelled, using two-
dimensional multi-layered shell elements to properly account for the
composite materials behaviour. For the fluid instead, three dimensional
volumetric elements, directly coupled to the structural elements, are
placed. In addition, the same calculation is performed, modelling
separately fluid in the CFD environment and structures in the finite
element one. Thus, realizing a fully coupled fluid-structure interaction
model. The results obtained by applying both numerical models are
compared with the structural response measured on board of a
composite ship during a full-scale shock test. The simplified proposed
procedure provides results in satisfactory agreement with experiments,
allowing the validation of the model. Approximations are discussed
and differences with the real phenomenon and fully coupled CFD+FE
method are shown, providing a better understanding of the phenomena.
Eventually, the modelling strategy has been considered a valuable and
cost-effective tool for the concept and preliminary design of composite
structures subject to underwater explosions.

record/WOS:0012303272
00006

Oxeanorpadis

1

Cucrema imentudikarii pyxy cymHa 3
6 crymeHsMH cBOOOOM y XBWIIAX Ha
JIOIIOMOT'010

OCHOBI  JaHUX 3a
HEHUPOHHUX MEPEX

Data-Driven system
identification of 6-DoF ship
motion in waves with neural
networks.

Silva, KM; Maki, KJ. APPLIED
OCEAN RESEARCH. 2022.
Volume 125, 103322.

Critical evaluation of ship responses in the ocean is important for not
only the design and engineering of future platforms but also the
operation and safety of those that are currently deployed. Short-term
temporal predictions of ship responses given the current wave
environment and ship state would enable enhanced decision-making
onboard and reduce the overall risk for both manned and unmanned
vessels, especially as the marine industry trends towards more
autonomy. However, state-of-the-art numerical hydrodynamic
simulation tools are too computationally expensive to be employed for
real-time ship motion forecasting. Thus, a methodology is needed to
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provide fast predictions with levels of accuracy closer to the higher-
fidelity tools. A methodology is developed with long short-term
memory (LSTM) neural networks to represent the motions of a free
running David Taylor Model Basin (DTMB) 5415 destroyer operating
at 20 knots in Sea State 7 stern-quartering long-crested irregular seas.
Case studies are performed for both course-keeping and turning circle
scenarios. An estimate of the vessel's encounter frame is made with the
trajectories observed in the training dataset. Wave elevation time
histories are given by artificial wave probes that travel with the
estimated encounter frame and serve as input into the neural network,
while the output is the 6-DOF temporal ship motion response. Overall,
the neural network is able to predict the temporal response of the ship
due to unseen wave sequences accurately. The methodology, the
dependence of model accuracy on wave probe and training data
quantity and the estimated encounter frame are all detailed.

Ecminens HATO 3arajJbHOIO
NPU3HAYCHHS — CHUJIbHA TeOMeTpis
ISt CITIJILHHAX JIOCITI IDKEHD

MOJCIIOBAHHS Ta CHUMYILLII 3aIycKy
Ta TMIOBEPHEHHS TeIIiKONTEpiB 3 OOpTYy
KopaoJIst

The NATO generic destroyer - a
shared geometry for
collaborative  research  into
modelling and simulation of
shipboard helicopter launch and

recovery.
Owen, I.; Lee, R.; Wall, A.;
Fernandez, N. OCEAN

ENGINEERING. 2021. Volume
228, 108428.

The helicopter-ship dynamic interface is the environment above the
landing deck of a ship where a helicopter pilot has to control the aircraft
while contending with a moving deck and an unsteady airflow known
as the ship airwake. Research into understanding this environment has
included modelling the airwake using wind tunnel studies and
Computational Fluid Dynamics, and has often used the Simple Frigate
Shape (SFS), a generic ship geometry representative of a naval frigate.
This paper reviews the contribution that the SFS has made to research
into the helicopter-ship dynamic interface, and introduces a new ship
geometry for future research. The new ship, developed within a NATO
Research Task Group, is the NATO Generic Destroyer (NATO-GD),
a concept ship with a simplified geometry that is more representative
of a modern helicopter-enabled combat ship with a stealthy
superstructure. As well as introducing the NATO-GD as a common
platform for research, the paper also introduces a number of ship
motion profiles to encourage new research that will include the effect
of ship motion on the airwake. It is anticipated that future research on
a common ship, with prescribed motion and adopting a common
helicopter will lead to improved or new modelling methodologies.
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URANS analysis of a free-
running destroyer sailing in
irregular stern-quartering waves
at sea state 7.

Serani, A.; Diez, M.; van Walree,
F; Stern, F. OCEAN

Computational fluid dynamics (CFD) simulations and stochastic
validation of free-running 5415M in irregular stern-quartering sea state
7 and Froude number 0.33 are presented. Unsteady Reynolds-averaged
Navier-Stokes (URANS) computations are validated against
experimental fluid dynamics (EFD) tests. EFD static stability, forward
speed, wave direction and spectrum were set such that roll-motion
resonance were induced, causing large roll angles, significant deck-
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edge immersion, and static instability. Prerequisite calm-water
validation covers roll decay at zero speed and self-propulsion studies
for propeller RPM. Subsequent CFD stochastic validation is achieved
by statistical assessment of EFD data and CFD results (expected value,
standard deviation, and probability distribution) for input waves and
ship response: time series are assessed by their wave energy-spectra,
autocovariance (waves only), and block-bootstrap analysis (waves and
motions); mean-crossing amplitudes are studied by bootstrap method.
Dynamic mode decomposition is used with EFD and CFD time
histories to unveil the underlying ship dynamics and the motion
correlation. Overall, CFD results are in agreement with EFD. Finally,
a clustering approach is used to identify wave sequences causing large
roll angles. As proof of concept, the characteristics of these sequences
are used for the deterministic reconstruction of severe (large roll) and
rare (capsize) events via regular wave computations.

TypOynenTHi XapaKTepPUCTUKU
MIOBITPSIHOTO CITiy Bifl CyJIHA 3 IBOMa
PI3HMMH PO3TALIyBaHHAMHI BEPXHBOT
nanyou Ta yMOBaMH HNPUILIUBY

Turbulence characteristics of the
ship air-wake with two different
topside arrangements and inflow
conditions.

Setiawan, H.; Kevin; Philip, J.;
Monty, JP. OCEAN
ENGINEERING. 2022. Volume
260, 111931.

We investigate the effect of the Atmospheric Boundary Layer (ABL)
and vessel topside arrangement on ship air-wake flow. The
investigation is performed by comparing experimental results with two
inflow conditions: a simulated ABL and a smooth-wall flat-plate
turbulent boundary layer; and two simplified ship models: Simplified
Frigate Ship model 2 (SFS2) and NATO-Generic Destroyer (NATO-
GD). Particle Image Velocimetry (PIV) and point measurements over
the landing deck center-line show that the ABL inflow increases the
flow fluctuations but reduces the length of the wake. Furthermore, we
observed an enhancement of turbulence energy on the ship landing
deck when the ABL is simulated. The data also show that the topside
arrangement, especially at the hangar elevation upstream of the landing
deck, plays an essential role in the air-wake over the ship center line.
There are significant differences in the flow re-circulation regions,
turbulence structure and energy content. Based on a turbulence
structure and energy spectrum analysis, we highlight regions with a
possible increased safety risk for both models. Over the SFS2 center
line, regions with an increased safety risk are located directly above the
landing deck. Meanwhile, on the NATO-GD center line, these regions
are located above the hangar elevation.

https://www.webofscience.

com/wos/woscc/full-

record/ WOS:0008647358

00001

IIporHo3yBaHHsT pyXy CyIHa B
peanpHOMY  dHaci HA  OCHOBI
MOKPAIIEHOTO EMITIPHYHOIO CKJIATy
MOI Ta JIAHAMIYHOI 3aJIMIIKOBOIL
HEWPOHHOI Mepexi

Real-time prediction of ship
motion based on improved
empirical mode composition and
dynamic residual neural
network.

Ship motion attitude data have strong random and non-stationary
characteristics under severe sea states. Real-time and accurate
prediction of the ship's motion attitude can significantly improve the
safety of navigation. Therefore, this article proposes a prediction model
based on the improved empirical mode decomposition (IEMD) and the
dynamic residual recurrent neural network with bidirectional structure

https://www.webofscience.

com/wos/woscc/full-

record/ WOS:00113861030

0001
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OCEAN ENGINEERING.
2024. Volume 292, 116528.

and time pattern attention mechanism (TPA-Bi-DRRNN), and
proposes a new algorithm: dynamic adaptive beetle swarm antennae
search (DABSAS) algorithm to optimise the initial weight and
threshold of the prediction model. The input data are adaptively
composed into multiple intrinsic mode functions (IMFs) containing
their frequency characteristics using IEMD, and a prediction is made
for each IMF using TPA-Bi-DRRNN. The model structure can be
regulated in real time according to the sliding window.
The destroyer DTMB5415 is used as an example to conduct a
performance test of the hybrid prediction model and DABSAS. The
results show that no mode mixing occurred in the IMFs, the noise in
each IMF was significantly reduced, thus dramatically reducing the
difficulty of using the input data for prediction; and the optimization
performance of DABSAS in applying the TPA-Bi-DRRNN is much
better than that of the traditional algorithms. Compared with other
models, the difference in the predictive accuracy of TPA-Bi-DRRNN
under each condition is the smallest, suggestings that it has extremely
high robustness and will always be able to maintain much higher
accuracy than other models over a long period, thus meeting the needs
for real-time accurate prediction of ship motion attitude.

Indopmarnka

1

IIporrosyBaHHs pyXy CyA€H Y XBHILIX
Ha OCHOBI JAHHX 3 BHUKOPHCTaHHAM
MAaIIMHHOIO HABYAHHS Ta AWHAMI4HOI

JICKOMIIO3HIIIT PEeXKUMIB

Data-driven forecasting of ship
motions in waves using machine
learning and dynamic mode

decomposition.
Diez, M.; Gaggero, M.; Serani,
A. INTERNATIONAL

JOURNAL OF ADAPTIVE
CONTROL AND SIGNAL
PROCESSING, 2024.

Data-driven forecasting of ship motions in waves is investigated
through feedforward and recurrent neural networks as well as dynamic
mode decomposition. The goal is to predict future ship motion
variables based on past data collected on the field, using equation-free
approaches. Numerical results in two case studies involving the course-
keeping of a naval destroyer in a high sea state using simulation data
at model scale are presented. The proposed methods reveal successful
in predicting ship motions both in short-term and medium-term
perspectives with accuracy and reduced computational effort, thus
enabling further advances in the identification, control, and
optimization of ships operating in waves.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0012232917
00001
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Optimizing Drone Operator
Workload in the Terminal Area
for  Shipboard  Operations.
Bostock, N.; Richez, A.;
Wickramasuriya, M.; Webster-
Giddings, A.; Costello, D.
INTERNATIONAL

CONFERENCE ON
UNMANNED AIRCRAFT

The United States Navy (USN) is heavily reliant on its ability to
operate aircraft in the maritime environment. Done successfully,
shipboard flight operations allow air-capable ships to act as mobile
airfields, ensuring the USN's ability to maintain freedom of the seas.
Typically rotary-wing aircraft land at the stern of USN surface vessels
(i.e., a guided missile destroyer (DDG)). Ship movement creates
turbulence induced by its superstructure, which may produce
unfavorable conditions for rotary-wing aircraft just after takeoff and
just before recovery. This ship-aircraft interplay is termed dynamic

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0012593548
00079
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interface (DI). With the growing prominence of uncrewed aerial
systems, the USN deems characterizing the DI a crucial step towards
employing these systems from air-capable ships. The United States
Naval Academy operates a fleet of 108 ft Yard Patrol Craft tasked with
training future naval officers. One of these ships has been modified
such that the air wake models a DDG to the 1/4 scale. This research
documents the DI tests conducted with a remote-piloted drone through
mission representative recoveries to the modified Yard Patrol Craft.
While operating in the terminal area, the pilot assessed their workload
via a modified Cooper Harper scale.
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The United States Navy (USN) is heavily reliant on its ability to
operate aircraft in the maritime environment. Done successfully,
shipboard flight operations allow air-capable ships to act as mobile
airfields, ensuring the USN's ability to maintain freedom of the seas.
Typically rotary-wing aircraft land at the stern of USN surface vessels
(i.e., a guided missile destroyer (DDG)). Ship movement creates
turbulence induced by its superstructure, which may produce
unfavorable conditions for rotary-wing aircraft just after takeoff and
just before recovery. This ship-aircraft interplay is termed dynamic
interface (DI). With the growing prominence of uncrewed aerial
systems, the USN deems characterizing the DI a crucial step towards
employing these systems from air-capable ships. The United States
Naval Academy operates a fleet of 108 ft Yard Patrol Craft tasked with
training future naval officers. One of these ships has been modified
such that the air wake models a DDG to the 1/4 scale. This research
documents the DI tests conducted with a remote-piloted drone through
mission representative recoveries to the modified Yard Patrol Craft.
While operating in the terminal area, the pilot assessed their workload
via a modified Cooper Harper scale.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0012593548
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Marine Mine Detection Using
Deep Learning.

Diana, M.; Munteanu, D.;
Cristea, DS; Munteanu, N. 26TH
INTERNATIONAL
CONFERENCE ON SYSTEM
THEORY, CONTROL AND
COMPUTING. 2022. Page 237-
243.

The paper addresses the detection of floating and underwater marine
mines from images recorded from cameras (taken from drones,
submarines, ships, boats). Due to the lack of image datasets, images
were taken from the Internet and by using the technique of
augmentation and synthetic image generation (by overlapping images
with different types of mines over water backgrounds) 2 data sets were
built (one for floating mines and one for underwater mines). The
networks were trained and compared using 3 types of Deep Learning
models Yolov5, SSD and EfficientDet (Yolov5, SSD for floating mines
and Yolov5 and EfficientDet for underwater mines). The networks
were also tested in the context of an IoT device (RaspberryPi 4, RPi
camera).

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0008899806
00041
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JIEKOMIIO3 Il T

dynamic mode decomposition.
Diez, M.; Serani, A.; Campana,
EF; Stern, F. JOURNAL OF
OCEAN ENGINEERING AND
MARINE ENERGY. 2022.
Volume 8. Issue 4. Page 471-
478.

dynamic mode decomposition (DMD). DMD is a dimensionality-
reduction/reduced-order modeling method, which provides a linear
finite-dimensional representation of a possibly nonlinear system
dynamics by means of a set of modes with associated oscillation
frequencies and decay/growth rates. This linear representation is
entirely derived from available data and does not require the
knowledge of the underlying system equations, which are and remain
unknown. Based on the linear representation, DMD allows for short-
term future estimates of the system state, which can be used for real-
time prediction and control. Here, the objective of the DMD is the
analysis and forecast of the trajectories/motions/forces of ships
operating in waves, offering a complementary efficient method to
equation-based system identification approaches. Results are presented
for the course keeping of a free-running naval destroyer (5415M) in
irregular stern-quartering waves and for the free-running KRISO
Container Ship performing a turning circle in regular waves. Results
are overall promising and show how DMD is able to identify the most
important modes and forecast the system state with reasonable
accuracy upto two wave encounter periods.

record/ WOS:0008302725
00001
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Workload in the Terminal Area
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INTERNATIONAL

operate aircraft in the maritime environment. Done successfully,
shipboard flight operations allow air-capable ships to act as mobile
airfields, ensuring the USN's ability to maintain freedom of the seas.
Typically rotary-wing aircraft land at the stern of USN surface vessels
(i.e., a guided missile destroyer (DDG)). Ship movement creates
turbulence induced by its superstructure, which may produce
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unfavorable conditions for rotary-wing aircraft just after takeoff and
just before recovery. This ship-aircraft interplay is termed dynamic
interface (DI). With the growing prominence of uncrewed aerial
systems, the USN deems characterizing the DI a crucial step towards
employing these systems from air-capable ships. The United States
Naval Academy operates a fleet of 108 ft Yard Patrol Craft tasked with
training future naval officers. One of these ships has been modified
such that the air wake models a DDG to the 1/4 scale. This research
documents the DI tests conducted with a remote-piloted drone through
mission representative recoveries to the modified Yard Patrol Craft.
While operating in the terminal area, the pilot assessed their workload
via a modified Cooper Harper scale.
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The United States Navy (USN) is heavily reliant on its ability to
operate aircraft in the maritime environment. Done successfully,
shipboard flight operations allow air-capable ships to act as mobile
airfields, ensuring the USN's ability to maintain freedom of the seas.
Typically rotary-wing aircraft land at the stern of USN surface vessels
(i.e., a guided missile destroyer (DDG)). Ship movement creates
turbulence induced by its superstructure, which may produce
unfavorable conditions for rotary-wing aircraft just after takeoff and
just before recovery. This ship-aircraft interplay is termed dynamic
interface (DI). With the growing prominence of uncrewed aerial
systems, the USN deems characterizing the DI a crucial step towards
employing these systems from air-capable ships. The United States
Naval Academy operates a fleet of 108 ft Yard Patrol Craft tasked with
training future naval officers. One of these ships has been modified
such that the air wake models a DDG to the 1/4 scale. This research
documents the DI tests conducted with a remote-piloted drone through
mission representative recoveries to the modified Yard Patrol Craft.
While operating in the terminal area, the pilot assessed their workload
via a modified Cooper Harper scale.
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Marine Mine Detection Using
Deep Learning.

Diana, M.; Munteanu, D.;
Cristea, DS; Munteanu, N..
26TH INTERNATIONAL
CONFERENCE ON SYSTEM
THEORY, CONTROL AND
COMPUTING. 2022. Page 237-
243.

The paper addresses the detection of floating and underwater marine
mines from images recorded from cameras (taken from drones,
submarines, ships, boats). Due to the lack of image datasets, images
were taken from the Internet and by using the technique of
augmentation and synthetic image generation (by overlapping images
with different types of mines over water backgrounds) 2 data sets were
built (one for floating mines and one for underwater mines). The
networks were trained and compared using 3 types of Deep Learning
models Yolov5, SSD and EfficientDet (Yolov5, SSD for floating mines
and Yolov5 and EfficientDet for underwater mines). The networks

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0008899806
00041
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were also tested in the context of an IoT device (RaspberryPi 4, RPi
camera).

Time-series forecasting of ships
maneuvering in waves via
dynamic mode decomposition.
Diez, M.; Serani, A.; Campana,
EF; Stern, F. JOURNAL OF
OCEAN ENGINEERING AND
MARINE ENERGY. 2022.
Volume 8. Issue 4. Page 471-
478.

A data-driven and equation-free approach is proposed and discussed to
forecast responses of ships maneuvering in waves, based on the
dynamic mode decomposition (DMD). DMD is a dimensionality-
reduction/reduced-order modeling method, which provides a linear
finite-dimensional representation of a possibly nonlinear system
dynamics by means of a set of modes with associated oscillation
frequencies and decay/growth rates. This linear representation is
entirely derived from available data and does not require the
knowledge of the underlying system equations, which are and remain
unknown. Based on the linear representation, DMD allows for short-
term future estimates of the system state, which can be used for real-
time prediction and control. Here, the objective of the DMD is the
analysis and forecast of the trajectories/motions/forces of ships
operating in waves, offering a complementary efficient method to
equation-based system identification approaches. Results are presented
for the course keeping of a free-running naval destroyer (5415M) in
irregular stern-quartering waves and for the free-running KRISO
Container Ship performing a turning circle in regular waves. Results
are overall promising and show how DMD is able to identify the most
important modes and forecast the system state with reasonable
accuracy upto two wave encounter periods.
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TesexkomyHikamii

1 MonentoBaHHS Ta KepyBaHH:
pOOOTOM-PO3BITHUKOM ~ MiIBOIHUX
Mmin UX-1

Modeling and Control
of Underwater ~ Mine Explorer
Robot UX-1.

Fernandez, RAS; Grande, D.;
Martins, A.; Bascetta, L.
Dominguez, S.; Rossi, C.

IEEE ACCESS. 2019. Volume 7.
Page 39432-39447.

This paper presents the design and experimental assessment of the
control system for the UX-1 robot, a novel spherical underwater
vehicle for flooded mine tunnel exploration. Propulsion and
maneuvering are based on an innovative manifold system. First, the
overall design concepts of the robot are presented. Then, a theoretical
six degree-of-freedom (DOF) dynamic model of the system is derived.
Based on the dynamic model, two control systems have been developed
and tested, one based on the principle of nonlinear state feedback
linearization and another based on a finite horizon linear quadratic
regulator (LQR). A series of experimental tests have been carried out
in a controlled environment to experimentally identify the complex
parameters of the dynamic model. Furthermore, the two proposed
controllers have been tested in underwater path tracking experiments
designed to simulate navigation in mine tunnel environments. The
experimental results demonstrated the effectiveness of both the
proposed controllers and showed that the state feedback linearization
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controller outperforms the finite horizon LQR controller in terms of
robustness and response time, while the LQR appears to be superior in
terms of fall time.

Hani 300pakeHHs] OOKOBOI'O OINISAY
MiIBOMHUX arapaTiB Uil BUSBICHHS

MIH

Side-scan sonar imaging data of
underwater vehicles for mine
detection.

Santos, NP; Moura, R.; Torgal,
GS; Lobo, V.; Neto, MD. DATA
IN BRIEF. 2024. Volume 53,
110132.

Unmanned vehicles have become increasingly popular in the
underwater domain in the last decade, as they provide better operation
reliability by minimizing human involvement in most tasks. Perception
of the environment is crucial for safety and other tasks, such as
guidance and trajectory control, mainly when operating underwater.
Mine detection is one of the riskiest operations since it involves
systems that can easily damage vehicles and endanger human lives if
manned. Automating mine detection from side-scan sonar images
enhances safety while reducing false negatives. The collected dataset
contains 1170 real sonar images taken between 2010 and 2021 using a
Teledyne Marine Gavia Autonomous Underwater Vehicle (AUV),
which includes enough information to classify its content objects as
NOn-Mine-like BOttom Objects (NOMBO) and MIne-Like COntacts
(MILCO). The dataset is annotated and can be quickly deployed for
object detection, classification, or image segmentation tasks.
Collecting a dataset of this type requires a significant amount of time
and cost, which increases its rarity and relevance to research and
industrial development.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:00118685300
0001

AJanTUBHI ITiABOJHI MEPEKi: 3B'SI30K
MiX aBTOHOMI€IO Ta KOMYHIKaI[isIMUA

Adaptable Underwater
Networks: The Relation between
Autonomy and
Communications.

Hamilton, A.; Holdcroft, S.;
Fenucci, D.; Mitchell, P;
Morozs, N.; Munafo, A.; Sitbon,
J. REMOTE SENSING. 2020.
Volume 12. Issue 20, 3290.

This paper discusses requirements for autonomy and communications
in maritime environments through two use cases which are sourced
from military scenarios: Mine Counter Measures (MCM) and Anti-
Submarine Warfare (ASW). To address these requirements, this work
proposes a service-oriented architecture that breaks the typical
boundaries between the autonomy and the communications stacks. An
initial version of the architecture has been implemented and its
deployment during a field trial done in January 2019 is reported. The
paper discusses the achieved results in terms of system flexibility and
ability to address the MCM and ASW requirements.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0005857213
00001

Merton HaBYaHHS 3 MEPEHECEHHSM
3HaHb [UIA pO3Mi3HABaHHS ITiyIeit
300pakeHH1

KopaOriB Ha
JIMCTAHLITHOTO 30HTyBaHHS

A Transfer Learning Method for
Ship Target Recognition in
Remote Sensing Image.

Li, HB; Guo, B.; Chen, H;
Han, S. COMMUNICATIONS,
SIGNAL PROCESSING, AND
SYSTEMS. VOL II: SIGNAL
PROCESSING. 2020. Volume
516. Page 738-745.

In this paper, an effective approach of ship target recognition is
proposed. This method based on the theory of transfer learning aims at
using labeled ships with different imaging angles and different
resolutions to help identifying unlabeled ships in a fixed angle. Since
training ship samples and test ship samples are imaging in different
angles, they obey different distributions. However, in traditional
machine learning method, training data and test data obey the same
distribution. In order to solve this problem, we proposed a method
called mapped subspace alignment (MSA) which is different from
other domain adaptation methods. While maximizing the difference

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0006130037
00089
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between different categories, it first uses Isometric Feature Mapping
(Isomap) to generate subspace and uses objective functions to spatial
alignment and probabilistic adaptation. This paper focuses on the
identification of three types of ships which are destroyers, cruisers, and
aircraft carriers basing on MSA. The experimental results show that
this method is better than several state-of-the-art methods.

IncrpymenTn

1

Cucrema BUSIBJICHHS MOPCHKHX MiH 3
BUKOPUCTaHHAM MoJIeell TInOOKOro

Sea Mine Detection Framework

Using YOLO, SSD and
EfficientDet Deep Learning
Models.

Munteanu, D.; Moina, D.;
Zamfir, CG; Petrea, SM; Cristea,
DS; Munteanu, N. SENSORS,
2022. Volume 22. Issue 23, 9536.

In the context of new geopolitical tensions due to the current armed
conflicts, safety in terms of navigation has been threatened due to the
large number of sea mines placed, in particular, within the sea conflict
areas. Additionally, since a large number of mines have recently been
reported to have drifted into the territories of the Black Sea countries
such as Romania, Bulgaria Georgia and Turkey, which have intense
commercial and tourism activities in their coastal areas, the safety of
those economic activities is threatened by possible accidents that may
occur due to the above-mentioned situation. The use of deep learning
in a military operation is widespread, especially for combating drones
and other killer robots. Therefore, the present research addresses the
detection of floating and underwater sea mines using images recorded
from cameras (taken from drones, submarines, ships and boats). Due
to the low number of sea mine images, the current research used both
an augmentation technique and synthetic image generation (by
overlapping images with different types of mines over water
backgrounds), and two datasets were built (for floating mines and for
underwater mines). Three deep learning models, respectively,
YOLOVS, SSD and EfficientDet (YOLOVS and SSD for floating mines
and YOLOVS and EfficientDet for underwater mines), were trained and
compared. In the context of using three algorithm models, YOLO, SSD
and EfficientDet, the new generated system revealed high accuracy in
object recognition, namely the detection of floating and anchored
mines. Moreover, tests carried out on portable computing equipment,
such as Raspberry Pi, illustrated the possibility of including such an
application for real-time scenarios, with the time of 2 s per frame being
improved if devices use high-performance cameras.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0008972994
00001

HaBYaHHS YOLO, SSD Ta
EfficientDet
Jlerke CaMOKOHTPOJIbOBAaHE

PO3Mi3HABAHHS CYIIEH MaJIHX 3pa3KiB 3
BHUKOPHCTAaHHIM MiKpPOIOIIIEPiBCHKUX
CHTHATYyp Ta HaJIIUPOKOCMYTrOBOIO
pamapa Ha 0a3i  Oe3MLIOTHOTO
JITaTBHOTO anapary

Lightweight Self-Supervised
Recognition of Small-Sample

Ships Using Micro-Doppler
Signatures and UAV-Based
UWB Radar.

Zhu, LZ; Zhang, Q.; Chen, KY;
Ma, Q.; Chen, S.; Zhang, SN;

The continuous advancement of shipbuilding technology has enabled
the further development of sea transport and naval vessels, which also
poses significant challenges to navigation safety. Accurate recognition
of different types of ships is crucial. In this study, three typical ships,
namely a destroyer, cruise ship, and aircraft carrier, were taken as
examples. The micro-Doppler effect of these ships was analyzed using
a unmanned aerial vehicle (UAV)-based ultrawideband (UWB) radar.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0012316332
00002
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Yuan, Y. IEEE
TRANSACTIONS ON
INSTRUMENTATION  AND
MEASUREMENT. 2024.

Volume 73, 8504210.

Echo signal models were established and compared with measured
Doppler signals. Furthermore, a lightweight self-supervised learning
network was proposed to achieve accurate recognition of small-sample
labeled ship targets. The neural network architecture, including specific
layers and parameters, was introduced. To enhance the micro-Doppler
features, the 1-D signals were transformed into 2-D images, thereby
converting the ship recognition problem into an image classification
problem. The experimental results demonstrate that the proposed
network achieves high recognition accuracy under different situations.
When evaluated on measured data, the overall recognition rate reaches
97.50%. Moreover, even in challenging scenarios with a low signal-to-
clutter ratio (SCR) of -10 dB, the overall recognition rate for simulated
data still exceeds 90%, demonstrating the effectiveness and advantages
of the proposed network.

MeTo peKOHCTPYKIIT €JIeKTPUIHOTO
CHTHAJTy TPaJbLIMKA, 10 IMITYE LiJb,
0€e3IiI0THOI

Ha OCHOBI HEBEJIUKOI
ruiaTdopmu A5l YOBHIB

Electrical signal reconstruction
method of target-simulated
minesweeper based on small
unmanned boat platform.

Liu, Q.; Sun, ZL; Jiang, RX; Li,
GD. MEASUREMENT. 2023.
Volume 214, 112825.

In recent years, with the continuous development
of military unmanned boat technology, there has been a significant
increase in interest in small unmanned boat-based minesweeper
hunting technology. In this paper, an electrical signal reconstruction
method based on time-frequency characteristics and used for small
mine-sweeping gear is proposed. Compared with the existing methods,
the method does not require measurement to obtain the complete
electrical signal of the distribution and is applicable to both surface
ships and submarines for signal reconstruction, which can complete the
reconstruction of the original signal with high accuracy in the case of
incomplete signal acquisition and can be applied to the signal
reconstruction under the harsh marine acquisition environment or
strong electromagnetic interference. In this paper, the mathematical
model between the maximum sampling interval and the captain is
established by extracting the time-frequency features of large ships,
and the optimal size of the minesweeper and the optimal parameters of
the point charge model are ob-tained based on the point charge model,
and the performance of the method under low signal-to-noise ratio
conditions is evaluated by depth permutation. Under the challenging
signal-to-noise ratio conditions, the pro-posed method can accomplish
the high-precision reconstruction of the electrical signal distribution of
a large ship with the passage data collected by only one measurement
node. From the results of simulation and ship model experiments, it can
be seen that the electric signal can be simulated with a series unmanned
boat array of one-tenth the size of a large ship, and the amplitude error
of the reconstructed signal is less than 0.2 mV, the inversion error of

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0009769132
00001
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EF(Electrostatic Field) is less than 10%, and the inversion error of
SEF(shaft-frequency electric field) is less than 12%.

HoBuii yHiBepcanpHHMH MiIXil IO
MIPOEKTYBaHHS ITi TBOTHUX
KOH(OPMHHX 00'€MHHUX PEIITOK

A Novel Versatile Approach for
Underwater Conformal
Volumetric Array Design.

Yusuf, TA; Pyo, S.; Roh, Y.
SENSORS. 2021. Volume 21.
Issue 11, 3591.

In this study, we present a novel approach to the design of a conformal
volumetric array composed of M x N convex subarrays in two
orthogonal curvilinear directions for underwater acoustic imaging for
mine detection. Our design targets require that the proposed array
transducer has three-dimensional half-power beamwidths of 85
degrees and 25 degrees in either of its convex subarray parts, while also
reaching a peak transmitting voltage response above 147 dB. The
radiated sound pressure of the subarrays was independently derived as
a function of their geometrical parameters. The resulting directional
factors were then combined to analyze the beam profile of the entire
array. The design was finally optimized to minimize the ripple level.
To validate this theoretical design, the structure was modeled and
analyzed using the finite element method. The comparison between the
resulting beam pattern from the finite element analysis and the
analytical computation showed an excellent compliance. The method
advanced is a simple and systematic analytical model to facilitate the
development of new conformal volumetric arrays for underwater
mine detection.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006606513
00001

Onrumizaiis 3  BUKOPUCTaHHSIM
COoHapa B iHKEHEPHHX J0aTKaX

Sonar inspired optimization
(S10) in engineering
applications.

Tzanetos, A.; Dounias, G.
EVOLVING SYSTEMS. 2020.
Volume 11. Issue 3. Page 531-
539.

Recently, a new Nature Inspired Intelligent scheme has been proposed
and presented, named Sonar Inspired Optimization (SIO). This
algorithm is inspired by the SONAR mechanism, which is used by
Warships to detect targets and avoid mines. In this paper, improvements
have been done to the SIO approach in an attempt to increase the
performance of the algorithm. Also, results from experiments in known
constrained Engineering applications are presented and discussed. SIO
tackles with these problems, managing to overcome the performance
of other Nature Inspired metaheuristics, heuristics and mathematical
approaches in most of the cases.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005631328
00014

MarepiaJjio03HaBCTBO

1

[ligBoxHa 3BapHa OpoHs 3
aTFOMiHI€BUX cIIaBiB Mapku AA5083
METOJIOM TepTS Ta IepeMilllyBaHHS:
eKCTIepIMEHTAIIbHI OasmicTryHi
XapaKTepUCTHKA Ta  JOCIIJDKCHHS
KOpO3ii

Underwater Friction Stir Welded
Armour Grade AAS5083
Aluminum Alloys: Experimental
Ballistic ~ Performance  and
Corrosion Investigation.
Saravanakumar, R;
Rajasekaran, T.; Pandey, C.
JOURNAL OF MATERIALS
ENGINEERING AND

Lightweight combat units, assault warplanes, and destroyers are being
developed to increase agility and resource efficiency. This is realized
using lightweight frames composed of aluminum and magnesium
alloys, which decrease weight, enhance cargo-carrying capacity, and
improve vehicular efficiency. This research used 18.5 mm Armour
Piercing Projectiles at a target velocity of 200 m/sec to test the ballistic
performance of AA5083 Base Metal and underwater friction-stir
welded (UWFSW) target welded plates. The Al's joints were fabricated
utilizing the UWFSW process at tool rotational speed (TRS), tool

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0009166235
00001
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PERFORMANCE. 2023.
Volume 32. Issue 22. Page
10175-10190.

welding speed (TWS), and tool tilt angle (TTA), as well as variable tool
pin shapes, cylindrical threaded, straight hexagonal, and straight
cylindrical. With a TRS of 1200 rpm, TWS of 40 mm/min, TTA of 1
degrees, and straight hexagonal tool pin shape, defect-free welds with
improved tensile and impact qualities were attained. The macro
hardness and microstructure of the UWFSW joints were examined. The
fine grain structure has the highest hardness (135 HV). Adiabatic Shear
Bands (ASBs) were confirmed by scanning electron microscopy of a
projectile-pierced channel. Because of the increased amount of ASB
lines on the ballistic hit UWFSW surface, there were more macro
cracks. There was no fragmentation loss, reduced fissures, and lesser
ASB lines in the hexagonal pin joints, all of which increased ballistic
performance. In order to protect against the corrosion of UWFSWed
5083 Al alloy in seawater, electrochemical tests and nitric acid mass
loss tests were conducted.

['eHepallisi BOJHIO LUISIXOM TigpOINizy

kommosuty MgH2-LiH

Hydrogen Generation by
Hydrolysis  of  MgH,-LiH
Composite.

Wu, XJ; Xue, HQ; Peng, Y.;
Deng, JF; Xie, ZW, Zheng, J.;
Li, XG; Li, S. MATERIALS.
2022. Volume 15. Issue 4, 1593.

As a most promising material for hydrogen generation by hydrolysis,
magnesium hydride (MgH2) is also trapped by its yielded byproduct
Mg(OH)(2) whose dense passivated layers prevent the further contact
of intimal MgH2 with water. In this work, LiH, as a destroyer, has
been added to promote the hydrogen properties of MgH2. The results
demonstrate that even 3 wt % LiH was added into MgH2-G, the
hydrogen generation yield can increase about 72% compared to the
hydrogen generation yield of MgH2-G. The possible mechanism is that
Mg2+ from the hydrolysis of MgH2 preferentially bound with OH-
ions from the hydrolysis of LiH to form Mg(OH)(2) precipitation,
which is dispersed in water rather than coated on the surface of MgH?2.
Moreover, adding MgCI2 into hydrolysis solution, using ball milling
technology, and increasing the hydrolysis temperature can make the
hydrolysis rate higher and reaction process more complete. It is noted
that a too high weight ratio of LiH with too high of a hydrolysis
temperature will make the reaction too violent to be safe in the
experiment. We determinate the best experimental condition is that the
LiH ratio added into MgH2 is 3 wt %, the hydrolysis temperature is 60
degrees C, and the concentration of MgCl2 hydrating solution is 1 M.
MgH2-LiH composite hydrogen generation technology can meet the
needs of various types of hydrogen supply and has broad application
prospects.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007630795
00001

KomyHikariitHoO-cTamuit
BYyIJIELb, JIETOBaHUM

MIOPUCTHI
a30ToM,
OTpPUMAaHU 3 MOPCBHKHX 3IpOK, JUIA

Communication-Sustainable
Starfish-Derived N-Doped
Porous Carbon for High-

Electric double layer capacitors can be used in broad applications,
including portable electronics, high power tools, and transportation.
However, such systems require more sustainable materials and a
boosting of their electrochemical performance. In this study, starfish,

https://www.webofscience.

com/wos/woscc/full-
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BHCOKOTIPOAYKTUBHUX  aBomaposux | Performance Electric Double | as an unusable destroyer of marine ecosystems, are transformed into | record/WOS:0008419839
CIICKTPUIHHUX KOHJICHCATOPIB Layer Capacitors. functional nitrogen-doped carbon materials with high porosity toward | 00001

Hong, TH; Lee, YH; Jang, H.; | high-performance EDLC electrodes. The synthesized starfish-derived
Lee, JT. JOURNAL OF THE | carbon exhibits a surface area of up to 3122 m(2) g(-1), a specific
ELECTROCHEMICAL capacitance of up to 295.7 F g(-1) at a current density of 0.5 A g(-1),
SOCIETY. 2022. Volume 169. | and capacitance retention of 81.5% upon an increase in current density
Issue 8, 080517. from 0.5to 10 A g(-1).

4 VuidikoBana cuctema mokpaimieHas | A Unified Speech Enhancement | This paper presents a unified speech enhancement system to remove | https://www.webofscience.
MOBJICHHS Ha OCHOBI HeWponHoro | System Based on Neural | both background noise and interfering speech in serious noise | com/wos/woscc/full-
dbopmyBaHHS MIPOMEHS 3 | Beamforming With Parabolic | environments by jointly utilizing the parabolic reflector model and | record/ WOS:0005333562
napaboNTiYyHUM BiIOMBaUYEM Reflector. neural beamformer. First, the amplification property of paraboloid is | 00017

Zhang, T.; Geng, YZ; Sun, JH; | discussed, which significantly improves the Signal-to-Noise Ratio

Jiao, C.; Ding, BY. APPLIED | (SNR) of a desired signal. Therefore, an appropriate paraboloid

SCIENCES-BASEL. 2020. | channel is analyzed and designed through the boundary element

Volume 10. Issue 7, 2218. method. On the other hand, a time-frequency masking approach and a
mask-based beamforming approach are discussed and incorporated in
an enhancement system. It is worth noticing that signals provided by
the paraboloid and the beamformer are exactly complementary. Finally,
these signals are employed in a learning-based fusion framework to
further improve the system performance in low SNR environments.
Experiments demonstrate that our system is effective and robust in five
different noisy conditions (speech interfered with factory,
pink, destroyer engine, volvo, and babble noise), as well as in
different noise levels. Compared with the original noisy speech,
significant average objective metrics improvements are about Delta
STOI= 0.28, Delta PESQ= 1.31, Delta fwSegSNR= 11.9.

BE3IIIJIOTHI MOPCBKI CUCTEMHAX
In:kenepis
1 HocsirHenHst B raiy3i aBroHoMHux | Advancements in the field of | Autonomous Underwater Vehicles (AUVs) are robotic devices with a | https://www.webofscience.

I JBOHUX arapariB

autonomous underwater vehicle.
Sahoo, A.; Dwivedy, SK; Robi,
PS. OCEAN ENGINEERING.
2019. Volume 181. Page 145-
160.

propulsion system for navigation and an onboard computer for decision
making. AUV research is gaining popularity because of its extensive
applications in fields from military to science. Robotic systems are
need of the hour for exploration and environmental safety of the vast
and deep oceans and water bodies. This paper presents current research
trends in the field of AUVs and highlights future research directions.
Here localization and navigation techniques such as inertial navigation
to simultaneous localization and mapping being used in current AUVs
are discussed in detail. Different optimal path planning and control
methods are highlighted. Use of different sensor technology like sonar,
laser, acoustic modems and stereo vision systems for localization,

com/wos/woscc/full-
record/ WOS:0004700438
00012
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navigation and mapping is presented. Recent developments in
underwater wireless communication along with the commercially
available devices are discussed.

lOpupHuii  anropuT™M IUIaHYBaHHS
LUISXY Ha OCHOBI ITOKPAIIEHOTO TOJIS
A* Ta ITY4HOro MOTEHLIHHOrO MO
JUTsl OE3MIIOTHUX HaJIBOTHHX arlapartiB

The hybrid path planning
algorithm based on improved A*
and artificial potential field
for unmanned surface
vehicle formations.

Sang, HQ; You, YS; Sun, XIJ;
Zhou, Y.; Liu, F. OCEAN
ENGINEERING. 2021. Volume
223, 108709.

To effectively improve system autonomy, increase fault-tolerant
resilience, solve low payload capacity and short endurance time of
unmanned surface vehicles (USVs), there's a trend to deploy multiple
USVs as a formation fleet. The formation path planning algorithms are
essential to generate optimal trajectories and provide practical collision
avoidance maneuvers to efficiently navigate the USV fleet. To ensure
the optimality, rationality and path continuity of the formation
trajectories, this paper presents a novel deterministic algorithm named
multiple sub-target artificial potential field (MTAPF) based on an
improved APF. The MTAPF belongs to the local path planning
algorithm, which refers to the global optimal path generated by an
improved heuristic A* algorithm. and the optimal path is divided by
this algorithm into multiple sub-target points to form sub-target point
sequence. The MTAPF can greatly reduce the probability that USVs
will fall into the local minimum and help USVs to get out of the local
minimum by switching target points. As an underactuated system, the
USV is restricted by various motion constraints, and the MTAPF is
presented to make the generated path compliant with USV' s dynamics
and orientation restrictions. The proposed algorithm is validated on
simulations and proven to work effectively in different environments.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006253044
00048

JIBOKOHTYpHE IHTErpaabHe
TepMiHaJbHE KOB3HE BIJICTEKEHHS
JUTst OE3MUIOTHUX ITiIBOIHUX arapariB
3 aJlalITHBHOIO JIMHAMIYHOIO
KOMIIEHCALIICI0 HEBHU3HAYEHOCTEH Ta
30ypeHs

Double-Loop Integral Terminal
Sliding Mode Tracking Control
for UUVs With Adaptive
Dynamic = Compensation  of
Uncertainties and Disturbances.
Qiao, L.; Zhang, WD. IEEE
JOURNAL OF OCEANIC
ENGINEERING. 2019. Volume
44. Issue 1. Page 29-53.

This paper focuses on the trajectory tracking control of unmanned
underwater vehicles (UUVs) in the presence of dynamic uncertainties
and time-varying external disturbances. Two adaptive integral terminal
sliding mode control schemes, namely, adaptive integral terminal
slidingmode control (AITSMC) scheme and adaptive fast integral
terminal sliding mode control (AFITSMC) scheme are proposed for
UUVs based on integral terminal sliding mode (ITSM) and fast ITSM
(FITSM), respectively. Each control scheme is double-looped:
composed of a kinematic controller and a dynamic controller. First, a
kinematic controller is designed for each of the two control schemes.
The two kinematic controllers are based on ITSM and FITSM,
respectively. These kinematic controllers yield local finite-time
convergence of the position tracking errors to zero meanwhile avoid
the singularity problem in the conventional terminal sliding mode
control (TSMC). Then, using the output of the kinematic controller as
a reference velocity command, a dynamic controller is developed for
each of the two control schemes. The two dynamic controllers are also
based on ITSM and FITSM, respectively. An adaptive mechanism is

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004561753
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introduced to estimate the unknown parameters of the upper bound of
the lumped system uncertainty which consists of dynamic uncertainties
and time-varying external disturbances so that the prior knowledge of
the upper bound of the lumped system uncertainty is not required. The
estimated parameters are then used as controller parameters to
eliminate the effects of the lumped system uncertainty. The
convergence rate of the integral terminal sliding variable vector is
investigated and the local finitetime convergence of the velocity
tracking errors to zero in the ITSM or FITSM is obtained. Finally,
based on the designed kinematic and dynamic controllers, the finite-
time stability of the full closed-loop cascaded system is shown. The
two proposed control schemes improve the tracking accuracy over the
existing globally finite-time stable tracking control (GFTSTC) and
adaptive nonsingular TSMC schemes, and enhance the robustness
against parameter uncertainties and external disturbances over the
GFTSTC scheme. Compared with the conventional adaptive integral
sliding mode control (AISMC) scheme, the two proposed control
schemes offer faster convergence rate and stronger robustness against
dynamic uncertainties and time-varying external disturbances for the
trajectory tracking control of UUVs due to involving the fractional
integrator. Comparative numerical simulations are performed on the
dynamic model of the Omni Directional Intelligent Navigator UUV for
two trajectory tracking cases. The convergence rate and robustness to
uncertainties and disturbances are quantified as the convergent time
and bounds of the steady-state position and velocity tracking errors,
respectively. The results show that the two proposed control schemes
improve at least 20s in convergence rate and enhance about 2%
robustness in position tracking and 20% robustness in velocity tracking
over the AISMC scheme.

[InanyBaHHs LUIAXY Ta YHUKHEHHS
TIEPETIIKON TSt ABTOHOMHOT'O
ITiABOJTHOTO arapary: OISz

Path planning and obstacle
avoidance for AUV: A review.
Cheng, CX; Sha, QX; He, B.; Li,
GL. OCEAN ENGINEERING.
2021. Volume 235, 109355.

Autonomous underwater vehicle plays a more and more important role
in the exploration of marine resources. Path planning and obstacle
avoidance is the core technology to realize the autonomy of AUV,
which will determine the application prospect of AUV. This paper
mainly describes the state-of-the-art methods of path planning and
obstacle avoidance for AUV and aims to become a starting point for
researchers who are initiating their endeavors in this field. Moreover,
the objective of this paper is to give a comprehensive overview of work
on recent advances and new breakthroughs, also to discuss some future
directions worthy to research in this area. The focus of this article is
put on these path planning algorithms that deal with constraints and
characteristics of AUV and the influence of marine environments.
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Since most of the time AUV will operate in the environments full of
obstacles, we divide path planning methods of AUV into two
categories: global path planning with known static obstacles, and local
path planning with unknown and dynamic obstacles. We describe the
basic principles of each method and survey most related work to them.
An in-depth discussion and comparisons between different path
planning algorithms are also provided. Lastly, we propose some
potential future research directions that are worthy to investigate in this
field.

Smoothed A* algorithm for
practical unmanned surface
vehicle path planning.

Song, R.; Liu, YC.; Bucknall, R.
APPLIED OCEAN
RESEARCH. 2019. Volume 83.
Page 9-20.

An effective path planning or route planning algorithm is essential for
guiding unmanned surface vehicles (USVs) between way points or
along a trajectory. The A* algorithm is one of the most efficient
algorithms for calculating a safe route with the shortest distance cost.
However, the route generated by the conventional A* algorithm is
constrained by the resolution of the map and it may not be compatible
with the non-holonomic constraint of the USV. In this paper an
improved A* algorithm has been proposed and applied to the Springer
USV. A new path smoothing process with three path smoothers has
been developed to improve the performance of the generated route,
reducing unnecessary 'jags', having no redundant waypoints and
offering a more continuous route. Both simulation and experimental
results show that the smoothed A* algorithm outperforms the
conventional algorithm in both sparse and cluttered environments that
have been uniformly rasterised. It has been demonstrated that the
proposed improved A* route planning algorithm can be applied to the
Springer USV providing promising results when tracking trajectories.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004576577
00002

5 3mamkeHnit  anroput™M  A* s
MPaKTUYHOTO TIUIAHYBAHHS — [ULSIXY
0e3ITIOTHUX HA/IBOJHUX arapartiB

Oxeanorpadis
1 YHUKHEHHS 31TKHEHb TUIS

0e3MUIOTHOTO HaJIBOTHOTO amapary 3
BUKOPUCTAHHSM IITHOOKOr0 HaBUYAHHS
3 M IKPITICHHAM

Collision avoidance for an
unmanned surface vehicle using
deep reinforcement learning.
Woo, J.; Kim, N. OCEAN
ENGINEERING. 2020. Volume
199, 107001.

In this paper, a deep reinforcement learning (DRL)-based collision
avoidance method is proposed for anunmanned surface
vehicle (USV). This approach is applicable to the decision-making
stage of collision avoidance, which determines whether the avoidance
is necessary, and if so, determines the direction of the avoidance
maneuver. To utilize the visual recognition capability of deep neural
networks as a tool for analyzing the complex and ambiguous situations
that are typically encountered, a grid map representation of the ship
encounter situation was suggested. For the composition of the DRL
network, we proposed a neural network architecture and semi-Markov
decision process model that was specially designed for the USV
collision avoidance problem. The proposed DRL network was trained
through repeated simulations of collision avoidance. After the training
process, the DRL network was implemented in collision avoidance

https://www.webofscience.
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experiments and simulations to evaluate its situation recognition and
collision avoidance capability.

ABTOHOMHA HaBiramis IiJBOJHOIO
amapary: oI

Autonomous Underwater
Vehicle navigation: A review.
Zhang, BB; Ji, DX; Liu, S.; Zhu,
XK; Xu, W. OCEAN
ENGINEERING. 2023. Volume
273, 113861.

Autonomous Underwater Vehicles (AUVs) have been focused on by
research efforts because of their extensive applications in scientific,
commercial as well as military fields. However, due to the complexity
of underwater environments, AUV navigation remains a challenging
problem. This review first presents a comprehensive description of the
three classical techniques of AUV navigation, i.e., Dead Reckoning,
Signal-Based Navigation, and Map-Matching Navigation. In what
follows, an in-depth survey of Integrated Navigation is given.
Furthermore, a thorough discussion on Cooperative Navigation is also
detailed along with an analysis of its capabilities and limitations.
Finally, recent significant challenges of AUV navigation and further
research directions are summarized.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0009964187
00001

Konrponep Ha OCHOBI IIHOOKOTO
HaBYaHHS 3 TMIJAKPITUICHHSIM  JUISt
CTEXCHHS 3a TPAEKTOPIEIO

0e3IT1JIOTHOTO HaJIBOHOTO arapary

Deep reinforcement learning-
based controller for path
following of an unmanned
surface vehicle. Woo, J.; Yu, C.;
Kim, N. OCEAN
ENGINEERING. 2019. Volume
183. Page 155-166.

In this paper, a deep reinforcement learning (DRL)-based controller for
path following of an unmanned surface vehicle (USV) is proposed.
The proposed controller can self-develop a vehicle's path following
capability by interacting with the nearby environment. A deep
deterministic policy gradient (DDPG) algorithm, which is an actor-
critic-based reinforcement learning algorithm, was adapted to capture
the USV's experience during the path-following trials. A Markov
decision process model, which includes the state, action, and reward
formulation, specially designed for the USV path-following problem is
suggested. The control policy was trained with repeated trials of path-
following simulation. The proposed method's path-following and self-
learning capabilities were validated through USV simulation and a
free-running test of the full-scale USV.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004790257
00011

Haniiine  aganTuBHE — KepyBaHHS
KOB3HHM PEXHUMOM Uil HEJOCTATHBO
KEPOBAHUX AaBTOHOMHHUX ITiJBOTHUX
amapariB 3 HEBU3HAYEHOIO TUHAMIKOIO

Robust adaptive sliding mode
control of underactuated
autonomous underwater vehicles
with uncertain dynamics.

Yan, ZP; Wang, M.; Xu, J.
OCEAN ENGINEERING.
2019. Volume 173. Page 802-
809.

This paper focuses on adaptive integral sliding mode control for a class
of underactuated autonomous underwater vehicles (AUVs) with
uncertain dynamics, where the vehicles moving in three-dimensional
(3-D) space have only three available control inputs provided by the
stem propellers, steering and diving rudders but five degrees of
freedom to be controlled. Different from the traditional sliding mode
control, the proposed dual closed-loop integral sliding mode control
design can be described as comprising two distinct phases: 1) in outer-
loop, the virtual velocity commands are determined for the following
work; 2) in inner-loop, the actual control inputs are designed to achieve
the trajectory tracking. Moreover, the practical situations that there
exist systematic parametric uncertainties and external disturbances are
also considered, and a novel direct adaptive neural network controller
combined with a conditional integrator is presented, which provides

https://www.webofscience.

com/wos/woscc/full-
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the robustness and adaptation for the vehicle. In addition, the rigorous
stability analysis based Lyapunov's method demonstrates the uniform
ultimate boundedness of all the tracking errors in the closed-loop
system. Finally, simulation results are shown the effectiveness of the
proposed controllers.

Global path planning and multi-
objective path control for
unmanned surface vehicle based
on modified particle swarm
optimization (PSO) algorithm.
Guo, XH; Ji, MJ; Zhao, ZW;
Wen, DS; Zhang, WD. OCEAN
ENGINEERING. 2020. Volume
216, 107693.

This paper investigates the novel path navigation method for
an unmanned surface vehicle (USV), which is divided into two-
stage: global path planning and path control. In the first stage,
combined with the travelling salesman problem (TSP), a global path is
obtained by maximizing the profit per unit time in multiple task
locations. In the second stage, a nonlinear multi-objective optimization
model is formulated for the path control between two task locations. In
addition, fixed and time-varying currents are also considered for USV
motion, which aims to avoid collision and take full advantage of the
direction of currents. To solve the problem quickly and accurately, a
chaotic and sharing-learning particle swarm optimization (CSPSO)
algorithm is developed to solve the extended TSP and the nonlinear
multi-objective model. Simulation experiments validate that the
proposed hierarchical navigation method, CSPSO algorithm, and
collision avoidance rules are effective and justifiable.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005968630
00016

5 I'mobGanbHe ruTaHyBaHHS TpaekTopii Ta
0ararouiaboBe KepyBaHHs
TpaekTopieo  aiust  Oe3IiJIoTHOro
HaJBOJHOIO amapaTy Ha OCHOBI
MOAM(IKOBAHOTO aJIrOpUTMy
OITHMIi3alii PO YaCTHHOK

Indopmaruka

1 Omwsin  ¢opMyBaHHS  aBTOHOMHHX
I IBOJIHUX anaparis:
MPONYKTHBHICTb, KOHTPOJIb

(hopMyBaHHS Ta MOXJIMBOCTI 3B'SI3KY

A Survey of Autonomous
Underwater Vehicle Formation:
Performance, Formation
Control, and Communication
Capability.

Yang, Y.; Xiao, Y.; Li, TS. IEEE
COMMUNICATIONS
SURVEYS AND TUTORIALS.
2021. Volume 23. Issue 2. Page
815-841.

Autonomous underwater vehicles (AUVs) are submersible underwater
vehicles controlled by onboard computers. AUV formation is a
cooperative control which focuses on controlling multiple AUVs to
move in a group while executing tasks. In contrast to a single AUV,
multi-AUV formation represents higher efficiency and better stability
for many applications, such as oil and gas industries, hydrographic
surveys, and military missions, etc. To achieve better formation, there
are several key factors, including AUV performance, formation
control, and communication capability. However, most studies in the
field of AUV formation mainly focus on formation control methods.
We observe that the research of communication capability and AUV
performance of multiple AUV formation is still in an early stage. It is
beneficial to researchers to present a comprehensive survey of the state
of the art of AUV formation research and development. In this paper,
we study AUV, formation control, and underwater acoustic
communication capability in detail. We propose a classification
framework with three dimensions, including AUV performance,
formation control, and communication capability. This framework
provides a comprehensive classification method for future AUV
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formation research. It also can be used to compare different methods
and help engineers choose suitable formation methods for various
applications. Moreover, our survey discusses formation architecture
with communication constraints and we identify some common
misconceptions and questionable research for formation control related
to communication.

OnrumalnbHe KEPYBaHHA CTCKCHHAM

HEB1IOMOro 0€e3MJIOTHOrO
HAJBONHOTO amapaTy Ha OCHOBI
HABYAHHSI 3 i IKPITICHHAM

Reinforcement Learning-Based
Optimal Tracking Control of an

Unknown Unmanned  Surface
Vehicle.

Wang, N.; Gao, Y.; Zhao, H.;
Ahn, CK. IEEE
TRANSACTIONS ON

NEURAL NETWORKS AND
LEARNING SYSTEMS. 2021.
Volume 32. Issue 7. Page 3034-
3045.

In this article, a novel reinforcement learning-based optimal tracking
control (RLOTC) scheme is established for an unmanned surface
vehicle (USV) in the presence of complex unknowns, including dead-
zone input nonlinearities, system dynamics, and disturbances. To be
specific, dead-zone nonlinearities are decoupled to be input-dependent
sloped controls and unknown biases that are encapsulated into lumped
unknowns within tracking error dynamics. Neural network (NN)
approximators are further deployed to adaptively identify complex
unknowns and facilitate a Hamilton-Jacobi-Bellman (HJB) equation
that formulates optimal tracking. In order to derive a practically
optimal solution, an actor-critic reinforcement learning framework is
built by employing adaptive NN identifiers to recursively approximate
the total optimal policy and cost function. Eventually, theoretical
analysis shows that the entire RLOTC scheme can render tracking
errors that converge to an arbitrarily small neighborhood of the origin,
subject to optimal cost. Simulation results and comprehensive
comparisons on a prototype USV demonstrate remarkable
effectiveness and superiority.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006705415
00019

KepyBanHsi 0e3miJIOTHUM Ha3eMHHM
HAaJBOJHUM arapatoM Ha OCHOBI
HaBYaHHS 3 MIJKPIIUICHHSM, IO
0azyeTbcs Ha JaHUX Ta CIPHSE
MIPOTYKTUBHOCTI

Data-Driven Performance-
Prescribed Reinforcement
Learning Control of

an Unmanned Surface Vehicle.
Wang, N.; Gao, Y.; Zhang, XF.
IEEE TRANSACTIONS ON
NEURAL NETWORKS AND
LEARNING SYSTEMS. 2021.
Volume 32. Issue 12. Page 5456-
5467.

An unmanned surface vehicle (USV) under complicated marine
environments can hardly be modeled well such that model-based
optimal control approaches become infeasible. In this article, a self-
learning-based model-free solution only using input-output signals of
the USV is innovatively provided. To this end, a data-driven
performance-prescribed reinforcement learning control (DPRLC)
scheme is created to pursue control optimality and prescribed tracking
accuracy simultaneously. By devising state transformation with
prescribed performance, constrained tracking errors are substantially
converted into constraint-free stabilization of tracking errors with
unknown dynamics. Reinforcement learning paradigm using neural
network-based actor-critic learning framework is further deployed to
directly optimize controller synthesis deduced from the Bellman error
formulation such that transformed tracking errors evolve a data-driven
optimal controller. Theoretical analysis eventually ensures that the
entire DPRLC scheme can guarantee prescribed tracking accuracy,
subject to optimal cost. Both simulations and virtual-reality

https://www.webofscience.

com/wos/woscc/full-
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experiments demonstrate the remarkable effectiveness and superiority
of the proposed DPRLC scheme.

OpienroBane HaONIKeHe
ONTHMaJIbHE KePYBAHHS TPAEKTOPIEI0
pyXy  O€3NiJOTHUX  HaJBOAHUX

amapariB 3 OOMEXEHHSIMH CTaHy, IO
CIpaIbOBYE 3a MOMIIMHU

Event-Triggered Approximate
Optimal Path-Following Control
for Unmanned Surface Vehicles
With State Constraints.

Zhou, WX; Fu, J.; Yan, HC; Du,
X.; Wang, YY; Zhou, H. IEEE
TRANSACTIONS ON
NEURAL NETWORKS AND
LEARNING SYSTEMS. 2023.
Volume 34. Issue 1. Page 104-
118.

This article investigates the problem of path following for the
underactuated unmanned surface vehicles (USVs) subject to state
constraints. A useful control algorithm is proposed by combining the
backstepping technique, adaptive dynamic programming (ADP), and
the event-triggered mechanism. The presented approach consists of
three modules: guidance law, dynamic controller, and event triggering.
First, to deal with the "'singularity" problem, the guidance-based path-
following (GBPF) principle is introduced in the guidance law loop. In
contrast to the traditional barrier Lyapunov function (BLF) method,
this article converts the USV's constraint model to a class of nonlinear
systems without state constraints by introducing a nonlinear mapping.
The control signal generated by the dynamic controller module consists
of a backstepping-based feedforward control signal and an ADP-based
approximate optimal feedback control signal. Therefore, the presented
scheme can guarantee the approximate optimal performance. To
approximate the cost function and its partial derivative, a critic neural
network (NN) is constructed. By considering the event-triggered
condition, the dynamic controller is further improved. Compared with
traditional time-triggered control methods, the proposed approach can
greatly reduce communication and computational burdens. This article
proves that the closed-loop system is stable, and the simulation results
and experimental validation are given to illustrate the effectiveness of
the proposed approach.

https://www.webofscience.
com/wos/woscc/full-
record/ WOS:0007321910
00001

[InanyBaHHS [UIIXy HAa  OCHOBI
IIIHOOKOrO HaBYaHHS 3
MiAKPIMUICHHSIM ~ JUIE ~ aBTOHOMHHX
MIBOAHUX  amapaTiB B yMOBax

30ypeHb OKEaHCHKHX TEUii

Path Planning Based on Deep
Reinforcement Learning for
Autonomous Underwater
Vehicles Under Ocean Current
Disturbance.

Chu, ZZ; Wang, FL; Lei, TJ;

Luo, CM. IEEE
TRANSACTIONS ON
INTELLIGENT  VEHICLES.

2023. Volume 8. Issue 1. Page
108-120.

The path planning issue of the underactuated autonomous
underwater vehicle (AUV) under ocean current disturbance is
studied in this paper. In order to improve the AUV's path planning
capability in the unknown environments, a deep reinforcement learning
(DRL) path planning method based on double deep Q Network
(DDQN) is proposed. It is created from an improved convolutional
neural network, which has two input layers to adapt to the processing
of high-dimensional environments. Considering the maneuverability of
underactuated AUV under current disturbance, especially, the issue of
ocean current disturbance under unknown environments, a dynamic
and composite reward function is developed to enable the AUV to
reach the destination with obstacle avoidance. Finally, the path
planning ability of the proposed method in the unknown environments
is validated by simulation analysis and comparison studies.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0009673718
00001
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Ormsin MetoniB kepyBaHHS Ha ocHOBI | Review of sliding mode based | In recent development in the control area, advanced control schemes | https://www.webofscience.
KOB3HOTO PEeXHMMY IS 3acTOCyBaHb y | control techniques for control | are well established for the systems under the influence of parametric | com/wos/woscc/full-

cUCTEeMaXxX KepyBaHHS

system applications.

Gambhire, SJ; Kishore, DR;
Londhe, PS; Pawar, SN.
INTERNATIONAL JOURNAL
OF DYNAMICS AND
CONTROL. 2021. Volume 9.
Issue 1. Page 363-378.

uncertainties due to modelling error, nonlinearities, and the external
disturbances. Among the different robust control schemes sliding mode
control (SMC) has made attention for the control engineer due to its
merits. SMC has grown rapidly as a control in comparison with other
robust control strategies due to its distinguish features like insensitive
to matched uncertainties, reduced order sliding mode equations, zero
error convergence of closed loop system and it offers a nonlinear
control. The objective of this paper is to present the literature review of
SMC development in an era of control technology. The development
of SMC based technique with integration of intelligent control in the
field of control engineering has been surveyed by considering
numerous applications.

record/ WOS:0010543885
00030

KepyBaHHs  KilbKOMa CHCTEMaMH
ABTOHOMHUX ITiJIBOIHUX anapariB 0e3
00MEeXeHb IBUIKOCTI Ta 30JMKEHHS
y CKIHUEHHOMY 4aci 3 MepioJuYHUM
3B'SI3KOM

Finite-Time Velocity-Free
Rendezvous Control of Multiple
AUV Systems With Intermittent
Communication.

Chen, B.; Hu, JP; Zhao, YY;
Ghosh, BK; Chen, B.; Hu, JP;
Zhao, YY; Ghosh, BK. 2022.
Volume 52. Issue 10. Page 6618-
6629.

In this study, a finite-time velocity-free rendezvous control method is
considered for multiple autonomous underwater vehicle (AUV)
systems with intermittent undirected communication. First, we develop
a distributed finite-time observer for each AUV to estimate its own
state information. Second, we design a rendezvous control algorithm
that utilizes the estimated state information intermittently through a
communication network in the absence of velocity measurement. A
homogeneous method is used to prove that all AUVs in the group can
achieve rendezvous in finite time for a network with intermittent
communication, even without velocity measurements. The proposed
method is shown to reduce the communication load of the system.
More importantly, the control algorithm achieves the control goal of
the system and is proven to be viable for many practical applications
of multiple AUV systems from both economic and security
perspectives. Finally, the effectiveness of the proposed control protocol
is demonstrated via numerical simulations.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007542702
00001

PoOyctre HEYITKE aJalTUBHE
KepyBaHHS Ha OCHOBI IOMHJIOK
HaBEeNEHHS [UIs BIJCTEXEHHS JHA
ABTOHOMHOTO MiJIBOJHOTO amapara 3
JIMHAMIKOIO HACHYEHOTO TIPUBOY

Guidance-Error-Based  Robust
Fuzzy Adaptive Control for
Bottom Following of a Flight-

Style AUV  With Saturated
Actuator Dynamics.

Yu, CY; Xiang, XB; Wilson, PA;
Zhang, Q. IEEE
TRANSACTIONS ON

CYBERNETICS. 2020. Volume
50. Issue 5. Page 1887-1899.

This paper addresses the problem of robust bottom following control
for a flight-style autonomous underwater vehicle (AUV) subject to
system uncertainties, actuator dynamics, and input saturation. First, the
actuator dynamics that is approximated by a first-order differential
equation is inserted into the AUV dynamics model, which renders a
high-order nonlinear dynamics analysis and design in the model-based
backstepping controller by utilizing guidance errors. Second, to
overcome the shaking control behavior resulted by the model-based
high-order derivative calculation, a fuzzy approximator-based model-
free controller is proposed, in order to online approximate the unknown
part of the ideal backstepping architecture. In addition, the adaptive

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005286220
00010
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error estimation technology is resorted to compensate the system
approximation error, ensuring that all the position and orientation
errors of robust bottom following control tend to zero. Third, to further
tackle the potential unstable control behavior from inherent saturation
of control surfaces driven by rudders, an additional adaptive fuzzy
compensator is introduced, in order to compensate control truncation
between the unsaturated and saturation inputs. Subsequently,
Lyapunov theory and Barbalat lemma are adopted to synthesize
asymptotic stability of the entire bottom following control system.
Finally, comparative numerical simulations with different controllers,
environmental disturbances and initial states are provided to illustrate
adaptability and robustness of the proposed bottom following
controller for a flight-style AUV with saturated actuator dynamics.

Haniiine xepyBaHHS

HEBU3HAYCHUX YMOBax

TPaEeKTOpi€r0
PYXy IJs HEAOCTaTHbO KEePOBAHHX
aBTOHOMHHMX IiJIBOIHUX amapariB y

Robust  Trajectory Tracking
Control  for  Underactuated
Autonomous Underwater
Vehicles in Uncertain
Environments.
Heshmati-Alamdari, S.; Nikou,
A.; Dimarogonas, DV. IEEE
TRANSACTIONS ON
AUTOMATION SCIENCE
AND ENGINEERING. 2021.
Volume 18. Issue 3. Page 1288-
1301.

This article addresses the tracking control problem of 3-D trajectories
for underactuated underwater robotic vehicles operating in a
constrained workspace including obstacles. More specifically, a robust
nonlinear model predictive control (NMPC) scheme is presented for
the case of underactuated autonomous underwater vehicles (AUVs)
(i.e., unicycle-like vehicles actuated only in the surge, heave, and yaw).
The purpose of the controller is to steer the unicycle-like AUV to the
desired trajectory with guaranteed input and state constraints (e.g.,
obstacles, predefined vehicle velocity bounds, and thruster saturations)
inside a partially known and dynamic environment where the
knowledge of the operating workspace is constantly updated via the
vehicle's onboard sensors. In particular, considering the sensing range
of the vehicle, obstacle avoidance with any of the detected obstacles is
guaranteed by the online generation of a collision-free trajectory
tracking path, despite the model dynamic uncertainties and the
presence of external disturbances representing ocean currents and
waves. Finally, realistic simulation studies verify the performance and
efficiency of the proposed framework. Note to Practitioners-This
article was motivated by the problem of robust trajectory tracking for
an autonomous underwater vehicle (AUV) operating in an
uncertain environment where the knowledge of the operating
workspace (e.g., obstacle positions) is constantly updated online via
the vehicle's onboard sensors (e.g., multibeam imaging sonars and
laser-based vision systems). In addition, there may be other system
limitations (e.g., thruster saturation limits) and other operational
constraints, induced by the need of various common underwater tasks
(e.g., a predefined vehicle speed limit for inspecting the seabed, and
mosaicking), where it should also be considered into the control

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006705930
00033
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strategy. However, based on the existing trajectory tracking control
approaches for underwater robotics, there is a lack of an autonomous
control scheme that provides a complete and credible control strategy
that takes the aforementioned issues into consideration. Based on this,
we present a reliable control strategy that takes into account the
aforementioned issues, along with dynamic uncertainties of the model
and the presence of ocean currents. In future research, we will extend
the proposed methodology for multiple AUV performing collaborative
inspection tasks in an uncertain environment.

5 Posmoninena peamizarmis HemiHiiuHoi | Distributed implementation of | This paper studies the trajectory tracking control of an autonomous | https://www.webofscience.
MoOJ€Ni IIPOrHO3HOro KepyBaHHs g | nonlinear model  predictive | underwater vehicle (AUV). We investigate the nonlinear model | com/wos/woscc/full-
BiJICTe)KECHHS tpaektopii | control for AUV trajectory | predictive control (NMPC) method looking for possible approaches to | record/ WOS:0005258655
ABTOHOMHOTO ITiIBOIHOIO armapara tracking. alleviate the heavy computational burden. Novel distributed NMPC | 00034

Shen, C,; Shi, Y. | algorithms are developed exploiting the dynamic properties of the

AUTOMATICA. 2020. Volume | AUV motion. By appropriately decomposing the original optimization

115, 108863. problems into smaller size subproblems and then solving them in a
distributed manner, the expected floating point operations (flops) can
be reduced dramatically. We show that the convergence of the AUV
trajectory can be guaranteed by the proposed contraction constraints in
the decomposed subproblems. Recursive feasibility and closed-loop
stability are proved. Taking advantage of the guaranteed stability, a
real-time distributed implementation algorithm is further developed to
automatically trade off between control performance and
computational complexity. Extensive simulation studies on the Falcon
AUV model demonstrate the effectiveness and robustness of the
proposed approach. (C) 2020 Elsevier Ltd. All rights reserved.

TesexkomyHikamii

1 AnantuBHe — HewiTke  kepyBanusi | Adaptive Fuzzy Backstepping- | In this article, the formation control of unmanned surface vehicles | https://www.webofscience.
(dbopMyBaHHM oesminoraux | Based Formation Control of | (USVs) is addressed considering actuator saturation and unknown | com/wos/woscc/full-
Ha/JBOAHUX amapariB Ha ocHoBi | Unmanned Surface Vehicles | nonlinear items. The algorithm can be divided into two parts, steering | record/ WOS:0006121521
3BOPOTHOTO KpOKy 3 HeBigomoro | With Unknown Model | the leader USV to trace along the desired path and steering the follower | 00025
HeNiHilHICTIO Mozieni Ta HacudeHicTio | Nonlinearity  and  Actuator | USV to follow the leader in the desired formation. In the proposed
BUKOHABYUX MEXaHI3MiB Saturation. formation control framework, a virtual USV is first constructed so that

Zhou, WX; Wang, YY; Ahn, CK;
Cheng, J.; Chen, CY. IEEE
TRANSACTIONS ON
VEHICULAR TECHNOLOGY.
2020. Volume 69. Issue 12. Page
14749-14764.

the leader USV can be guided to the desired path. To solve the input
constraint problem, an auxiliary is introduced, and the adaptive fuzzy
method is used to estimate unknown nonlinear items in the USV. To
maintain the desired formation, the desired velocities of follower USVs
are deduced using geometry and Lyapunov stability theories; the
stability of the closed-loop system is also proved. Finally, the



https://www.webofscience.com/wos/woscc/full-record/WOS:000525865500034
https://www.webofscience.com/wos/woscc/full-record/WOS:000525865500034
https://www.webofscience.com/wos/woscc/full-record/WOS:000525865500034
https://www.webofscience.com/wos/woscc/full-record/WOS:000525865500034
https://www.webofscience.com/wos/woscc/full-record/WOS:000612152100025
https://www.webofscience.com/wos/woscc/full-record/WOS:000612152100025
https://www.webofscience.com/wos/woscc/full-record/WOS:000612152100025
https://www.webofscience.com/wos/woscc/full-record/WOS:000612152100025

98

Ha3pa nyoaikamii (YKp.)

Jlani npo ny0Jikaniio

AHoranig (aHrju.)

IMocnaanna

effectiveness of the proposed approach is demonstrated by the
simulation and experimental results.

CroijbHe TUIaHYBaHHS UUIAXY JUIS
TeTEepOTeHHUX OC3IIOTHUX amapaTiB
y Micil TOIyKy Ta BiJCTEKECHHS
MABOMHOL il

Cooperative Path Planning for
Heterogeneous Unmanned
Vehicles in a Search-and-Track
Mission ~ Aiming at an
Underwater Target.

Wu, Y.; Low, KH; Lv, C.
IEEE TRANSACTIONS ON
VEHICULAR TECHNOLOGY.
2020. Volume 69. Issue 6. Page
6782-6787.

It is an effective way to execute a complicated mission by cooperating
unmanned vehicles. This paper focuses on a search- and-track (SAT)
mission for an underwater target, and the mission is implemented by
combining an unmanned aerial vehicle (UAV), an unmanned surface
vehicle (USV) and an autonomous underwater vehicle (AUV). In
the cooperative path planning model, the mission is divided into the
search phase and the track phase, and the goals of the two phases are
to maximize the search space and minimize the terminal error
respectively. The constraints contain the maneuverability of vehicles
and communication ranges between vehicles. Strategies based on
random simulation experiments and asynchronous planning are
developed to design the cooperative path planning algorithm in the two
phases, and the paths are generated by an improved particle swarm
optimization (IPSO) algorithm in a centralized or a distributed mode.
Simulation results demonstrate that the proposed method can deal with
different situations. The UAV & USV & AUV system is superior to the
USV & AUV system in the SAT mission.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005587442
00088

EneproedexruBuuii 30ip JaHMX 3a
ZIOLIOMOT'0I0 aBTOHOMHHX  ITiIBOJHHX
amapatiB y IMiJBOAHUX aKyCTHYHHX
CEHCOPHHUX MepexKax

AUV-Aided  Energy-Efficient
Data Collection in Underwater
Acoustic  Sensor  Networks.
Zhuo, XX; Liu, MY; Wel, Y; Yu,
GD; Qu, FZ; Sun, R. IEEE
INTERNET OF  THINGS
JOURNAL. 2020. Volume 7.
Issue 10. Page 10010-10022.

With the development of the Internet of Underwater Things (IoUT),
two critical problems have been prominent, i.e., the energy constraint
of underwater devices and large demand for data collection. In this
article, we introduce an autonomous underwater vehicle (AUV)-
aided underwater acoustic sensor networks (UWSNs) to solve these
problems. To improve the performance of UWSNs, we formulate an
optimization problem to maximize the energy consumption utility,
which is defined to balance the energy consumption and network
throughput. To solve this optimization problem, we decompose it into
four parts. First, due to the constraint of communication distance, we
construct a cluster-based network and formulate the selection of cluster
heads as a maximal clique problem (MCP). Second, the clustering
algorithm is proposed. Third, we design a novel media access control
(MAC) protocol to coordinate data transmission between AUV and
cluster heads, among intracluster nodes, as well as among intercluster
nodes. Finally, path planning of AUV is formulated as a traveling
salesman problem to minimize AUV travel time. Based on the above
analysis, two algorithms, namely, AUV-aided energy-efficient data
collection (AEEDCO) and approximate AUV-aided energy-efficient
data collection (AEEDCO-A), are developed accordingly. The
simulation results show that the proposed algorithms perform well and
are_very promising in UWSNs with demand for large-scale

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0005776248
00064
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communication, large system capacity, long-term monitoring, and high
data traffic load.

ABTOHOMHUI  IILJIOT

BiJICTE)KEHHS TPAEKTOPIT

0Oe3IIIOTHUX
HA/BOJHUX allaparTiB: IIAHYBAHHS Ta

Autonomous Pilot of Unmanned
Surface Vehicles: Bridging Path
Planning and Tracking.

Wang, N.; Zhang, YH; Ahn, CK;
Xu, QY. IEEE
TRANSACTIONS ON
VEHICULAR TECHNOLOGY.
2022. Volume 71. Issue 3. Page
2358-2374.

Autonomous pilot is crucial in integrally promoting the autonomy of
an unmanned surface vehicle (USV). However, the integration
mechanism of decision and control is still unclear within the entire
autonomy. In this paper, by organically bridging path planning and
tracking, an autonomous pilot framework with waypoints generation,
path smoothing and policy guidance of a USV in congested waters is
established, for the first time. Incorporating elite and diversity
operations into the genetic algorithm (GA), an elite-duplication GA
(EGA) strategy is devised to optimally generate sparse waypoints in a
constrained space. The B-spline technique is further deployed to make
flexibly smooth interpolation facilitating path smoothing supported by
optimal sparse-waypoints. Seamlessly bridged by the parametric
smooth path, deep reinforcement learning (DRL) technique is resorted
to continuously extract in-depth pilotage policies, i.e., mappings from
path tracking errors, collision risks and control constraints to
continuous control forces/torques. Eventually, the entire spline-bridged
EGA-DRL (SED) framework merits autonomous global-pilotage and
local-reaction in an organically modular manner. Comprehensive
validations and comparisons in various real-world geographies
demonstrate the effectiveness and superiority of the proposed SED
autonomous pilot framework.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007699851
00015

Cxema 300py maHHX 3a JOMOMOTOO
ABTOHOMHHUX IIIBOJIHUX arapariB Ha
OCHOBI KJIacTepu3allii Ta MaTPHYHOTO

nmonoBHeHHs 11 Smart Ocean

An AUV-Assisted Data
Gathering Scheme Based on
Clustering and Matrix
Completion for Smart Ocean.
Huang, MF; Zhang, K.; Zeng,
ZW; Wang, T.; Liu, YX. IEEE
INTERNET OF  THINGS
JOURNAL. 2020. Volume 7.
Issue 10. Page 9904-9918.

The oceans cover more than 71% of the Earth's surface and have a
surging amount of data. It is of great significance to seek energy-
effective and ultrareliable communication and transmission
mechanism for effectively gathering abundant maritime data. In this
article, we propose an autonomous underwater vehicle (AUV)-
assisted data gathering scheme based on clustering and matrix
completion (ACMC) to improve the data gathering efficiency in the
underwater wireless sensor network (UWSN). Specifically, we first
improve the K-means algorithm by adopting the Elbow method to
determine the optimal K and setting a distance threshold to select the
separate initial cluster centers. Then, we introduce a two-phase AUV
trajectory optimization mechanism to effectively reduce the trajectory
length of the AUV. In the first phase, the optimized trajectory of the
AUV is planned by adopting the greedy algorithm. In the second phase,
the ordinary nodes close to the AUV trajectory are selected as
secondary cluster heads to share the workload of cluster heads. Finally,
we present an in-cluster data collection mechanism based on matrix

https://www.webofscience.
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00056
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completion. An extensive experiment validates the effectiveness of our
proposed scheme in terms of energy and data collection delay.

IncrpymenTn
1 Hopa oOe3mmatdopmua inepriianmbHa | A Novel SINS/DVL Tightly | In general, the strap-down inertial navigation system (SINS)/Doppler | https://www.webofscience.
HaBiramiiHa crcTeMa /| Integrated Navigation Method | velocity log (DVL)-integrated navigation method can provide | com/wos/woscc/full-

JIOTUTEPIBCHKHIA JIaT IIIBUIKOCTI: TICHO
IHTETpOBaHMH METO/ HaBiramii s
CKJIaJIHOTO CEPEIOBHIIIA.

for Complex Environment.
Wang, D.; Xu, XS; Yao, YQ;
Zhang, T, Zhu, YY. IEEE
TRANSACTIONS ON
INSTRUMENTATION  AND
MEASUREMENT. 2020.

Volume 69. Issue 7. Page 5183-
5196.

continuous and accurate navigation information for autonomous
underwater vehicles (AUV). This SINS/DVL fusion is the loosely
integrated method, in which DVL may contain large error or does not
work when some beam measurements are inaccurate or outages for
complex underwater environment. To solve these problems, in this
article, a novel tightly integrated navigation method composed of an
SINS, a DVL, and a pressure sensor (PS) is proposed, in which beam
measurements are used without transforming them to 3-D velocity. The
simulation and vehicle test show that the proposed method can
significantly outperform the traditional loosely integrated method in
providing estimation continuously with higher accuracy when DVL
data are inaccurate or unavailable for a complex environment.
Compared with loosely integrated method, the position accuracy of the
proposed method has improved by 32.5%y.

record/ WOS:0005429545
00056

2 InmoGanbHe kepyBaHHs Tpaekropiero | Global —fixed-time trajectory | This paper studies the trajectory tracking problem of unmanned | https://www.webofscience.
BiZICTe)KCHHS HEJI0aKTHBOBAHOrO | tracking control of | surface vehicle subject to unmeasurable velocities and unknown | com/wos/woscc/full-
OeaminioTHOro HajaBogHOro amapary 3 | underactuated USV based on | disturbances. By combining a fixed-time extended state observer | record/ WOS:0009643868
¢ikcoBanuM dvacom Ha ocHoBi | fixed-time  extended  state | (FESO) and a fixed-time differentiator, a fixed-time sliding mode | 00001
PO3LIMPEHOro  CrocTepiraya CcTaHy | observer. control (FTSMC) law is proposed, in which a saturation function is
¢ikcoBaHOrO yacy Fan, YS; Qiu, BB; Liu, L.; Yang, | adopted to make the terminal sliding mode surface leave the singularity

Y. ISATRANSACTIONS. 2023. | area. The value of this paper can be described: first, this paper designs
Volume 132. Page 267-277. a novel guidance law that can converge in a fixed time to reduce the
convergence time of the error. Then, unmeasurable velocities and
lumped disturbances are estimated by applying a FESO. Meanwhile, a
fixed-time differentiator is used to obtain real-time differential signals,
thus reducing the difficulty of controller design. Subsequently, a novel
auxiliary dynamic system is designed to address actuator saturation.
According to Lyapunov's theory, the entire closed-loop control system
has uniformly global fixed-time stability (UGFTS). The superiority of
the designed controller is demonstrated through numerical simulations.
3 YmockoHaneHni reaernuHuil | An Improved Genetic Algorithm | The genetic algorithm (GA) is an effective method to solve the path- | https://www.webofscience.

QITOPUTM JUIS TUIAHYBAHHS [IISIXY
0e3MIIOTHOTO HAJBOIHOTO arapary

for Path-Planning of Unmanned
Surface Vehicle.

Xin, JF; Zhong, JB; Yang, FR;
Cui, Y.; Sheng, JL. SENSORS.
2019. Volume 19. Issue 11, 2640.

planning problem and help realize the autonomous navigation for and
control of unmanned surface vehicles. In order to overcome the
inherent shortcomings of conventional GA such as population
premature and slow convergence speed, this paper proposes the
strategy of increasing the number of offsprings by using the multi-

com/wos/woscc/full-
record/ WOS:0004721333
00218
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domain inversion. Meanwhile, a second fitness evaluation was
conducted to eliminate undesirable offsprings and reserve the most
advantageous individuals. The improvement could help enhance the
capability of local search effectively and increase the probability of
generating excellent individuals. Monte-Carlo simulations for five
examples from the library for the travelling salesman problem were
first conducted to assess the effectiveness of algorithms. Furthermore,
the improved algorithms were applied to the navigation, guidance, and
control system of an unmanned surface vehicle in a real maritime
environment. Comparative study reveals that the algorithm with multi-
domain inversion is superior with a desirable balance between the path
length and time-cost, and has a shorter optimal path, a faster
convergence speed, and better robustness than the others.

ApantusHe

ABTOHOMHUX ITi/IBOJIHUX arapaTiB

Oe3mapaMeTpUyHe
KepYBaHHS TPAEKTOPIEI0 PYXy A

Adaptive model-parameter-free
fault-tolerant trajectory tracking
control for autonomous
underwater vehicles.

Zhu, C.; Huang, B.; Zhou, B.;

This paper provides a model-parameter-free control strategy for the
trajectory tracking problem of the autonomous underwater
vehicle exposed to external disturbances and actuator failures. Two
control architectures have been constructed such that the system states
could be forced to the desired trajectories with acceptable performance.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0006637892
00005

Su, YM; Zhang, EH. ISA | By combining sliding mode control (SMC) technology and adaptive
TRANSACTIONS. 2021. | algorithm, the first control architecture is developed for tracking
Volume 114. Page 57-71. missions under healthy actuators. Taking actuator failures scenario into
account, system reliability is improved considerably by the utilization
of a passive fault-tolerant technology in the second controller.
Benefitting from properties of Euler-Lagrange systems, the nonlinear
dynamics of the underwater vehicles could be handled properly such
that the proposed controllers could be developed without model
parameters. Finally, the validity of the proposed controllers is
demonstrated by theoretical analysis and numerical simulations.
ABTOHOMHI ~ migBOAHI  amapatu: | Autonomous underwater | Oceans exploration and inspection are a great challenge for the industry | https://www.webofscience.
MIPUJIANA Ta BUMIPIOBAHHS vehicles: Instrumentation and | nowadays. The underwater instrumentation and measurements are | com/wos/woscc/full-
measurements. improving due to the current technologies, or by development of new | record/ WOS:0005286713
Sanchez, PJB; Papaclias, M.; | ones, to cover the demand of the new industry offshore. | 00015
Marquez, FPG. IEEE | The Autonomous Underwater Vehicle (AUV), a subcategory of
INSTRUMENTATION & | submarine, is used to perform subaquatic tasks. This vehicle provides
MEASUREMENT advantages for underwater works, e.g., safety and reliability

MAGAZINE. 2020. Volume 23.
Issue 2. Page 105-114.

inspections, but it also offers limitations for sensors systems,
monitoring and communications systems, autonomous operational
endurances, propulsion systems or mapping designs, etc. The main
scientific contributions of this paper are: a review of the state of art in
novel and main instrumentation and measurement systems embedded
in AUVs; an illustration of their future uses and development; and a
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synthesis of the main and current navigation, mapping and sampling
technologies, together with different applications.

Marepiajio3HaBCTBO
1 ABTOHOMHI T IBOMTH1 amaparu: | Autonomous Underwater | Development of Autonomous Underwater Vehicles (AUVs) has | ABTOHOMHI ITiJBOIHI
JIOKaJTizalisl, HaBiramis Ta 3B'a30K it | Vehicles: Localization, | permitted the automatization of many tasks originally achieved with | amaparu: Jokamizarmis,

CIUIBHUX MiCIH

Navigation, and Communication
for Collaborative = Missions.
Gonzalez-Garcia, J.; Gomez-
Espinosa, A.; Cuan-Urquizo, E.;
Garcia-Valdovinos, LG;
Salgado-Jiménez, T.; Cabello,
JAE. APPLIED SCIENCES-
BASEL. 2020. Volume 10. Issue
4, 1256.

manned vehicles in underwater environments. Teams of AUVs
designed to work within a common mission are opening the
possibilities for new and more complex applications. In underwater
environments, communication, localization, and navigation of AUV
are considered challenges due to the impossibility of relying on radio
communications and global positioning systems. For a long time,
acoustic systems have been the main approach for solving these
challenges. However, they present their own shortcomings, which are
more relevant for AUV teams. As a result, researchers have explored
different alternatives. To summarize and analyze these alternatives, a
review of the literature is presented in this paper. Finally, a summary
of collaborative AUV teams and missions is also included, with the aim
of analyzing their applicability, advantages, and limitations.

HaBIraris ta 3B's130K It
CIIUIBHUX MICIH

2 AnantuBHe kepyBanHs | Adaptive Sliding Mode | In the presence of modeling uncertainties and input saturation, this | AganTuBHe KepyBaHHS
BifgchinkoByBaHHsIM  Tpaektopii B | Trajectory Tracking Control for | paper proposes a practical adaptive sliding mode control scheme for an | BincnigkoByBaHHSIM
KOB3HOMY pexumi s Gesmimoraoro | Unmanned Surface Vehicle with | underactuated unmanned surface vehicle (USV) using neural | Tpaekropii B KOB3HOMY
HAJIBOJHOTO amapary 3 BpaxyBaHHsM | Modeling Uncertainties and | network, auxiliary dynamic system, sliding mode control and | pexxumi st 6€3MiJIOTHOrO
HEeBH3HAYCHOCTEH MopmenmoBanHs Ta | Input Saturation. backstepping technique. First, the radial basis function neural network | HamBomHoro amapary 3
HAaCHYEHHS BXITHUX JaHUX Qiu, BB; Wang, GF; Fan, YS; | with minimum learning parameter method (MLP) is constructed to | BpaxyBaHHsIM

Mu, DD; Sun, XJ. APPLIED | online approximate the uncertain system dynamics, which uses single | HeBu3HaueHOCTEH
SCIENCES-BASEL. 2019. | parameter instead of all weights online learning, leading to a reduction | MoznentoBaHHS Ta
Volume 9. Issue 6, 1240. in the computational burdens. Then a hyperbolic tangent function is | HaCHYEHHS BXiIHUX JAHHX

adopted to reduce the chattering phenomenon due to the sliding mode

surface. Meanwhile, the auxiliary dynamic system and the adaptive

technology are employed to handle input saturation and unknown

disturbances, respectively. In addition, a neural shunting model is

introduced to eliminate the "explosion of complexity" problem caused

by the backstepping method for virtual control derivation. The stability

of the closed-loop system is guaranteed by the Lyapunov stability

theory. Finally, simulations are provided to validate the effectiveness

of the proposed control scheme.

3 KepyBanus crukyBaHHAM | Docking  Control  of  an | To achieve persistent systems in the future, autonomous underwater | KepyBaHHS CTHKyBaHHSIM
aBTOHOMHOTO ITiIBOMHOTO amapary 3 | Autonomous Underwater | vehicles (AUVs) will need to autonomously dock onto a charging | aBToHOMHOTO TIi/IBOXHOTO
BHKOPHCTaHHIM HaBYaHHSA 3 | Vehicle Using Reinforcement | station. Here, reinforcement learning strategies were applied for the | amapary 3 BuKopucTaHH;IM
T AKPITIICHHSIM Learning. first time to control the docking of an AUV onto a fixed platform in a

simulation environment. Two reinforcement learning schemes were
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Anderlini, E.; Parker, GG; | investigated: one with continuous state and action spaces, deep | HaBuaHHS 3
Thomas, G. APPLIED | deterministic policy gradient (DDPG), and one with continuous state | miaKpirIeHHSIM
SCIENCES-BASEL. 2019. | but discrete action spaces, deep Q network (DQN). For DQN, the

Volume 9. Issue 17, 3456.

discrete actions were selected as step changes in the control input
signals. The performance of the reinforcement learning strategies was
compared with classical and optimal control techniques. The control
actions selected by DDPG suffer from chattering effects due to a
hyperbolic tangent layer in the actor. Conversely, DQN presents the
best compromise between short docking time and low control effort,
whilst meeting the docking requirements. Whereas the reinforcement
learning algorithms present a very high computational cost at training
time, they are five orders of magnitude faster than optimal control at
deployment time, thus enabling an on-line implementation. Therefore,
reinforcement learning achieves a performance similar to optimal
control at a much lower computational cost at deployment, whilst also
presenting a more general framework.

[InanyBaHHS UUIIXY Ta 3armo0iraHHs
3ITKHEHHSIM Y HEBIZIOMUX YMOBaXx JUisi
0e3IIOTHUX HA/IBOJHUX anapaTiB Ha
OCHOBI BJIOCKOHAJICHOT'O QJITOPHTMY
D* Lite

Path Planning and Collision
Avoidance in Unknown
Environments for USVs Based
on an Improved D* Lite.

Zhu, XH; Yan, B.; Yue, Y.
APPLIED SCIENCES-BASEL.
2021. Volume 11. Issue 17, 7863.

Path planning and collision avoidance during autonomous navigation
in unknown environments is a crucial issue for unmanned surface
vehicles (USVs). This paper improves the traditional D* Lite algorithm
and achieves multi-goal path planning and collision avoidance for
USVs in unknown and complex environments. By expanding the
adjacent search range and setting a safe distance for USVs, we solve
the issue of limited steering maneuverability in USVs with fewer DOF
during autonomous navigation. We propose an approach to optimize
the planned path during navigation by comparing the estimated
distance with the actual distance between the current waypoint and the
goal waypoint. A minimum binary heap is used to optimize the priority
queue of the D* Lite and significantly reduce the path search time.
Simulation results show that the improved D * Lite can significantly
reduce the path planning time, optimize the planned path and solve the
issue of limited steering maneuverability in USVs. We apply the
algorithm to a real USV for further tests. Experimental results show
that the USV can plan an optimized path while avoiding both static and
dynamic obstacles in complex environments with a safe distance
during autonomous navigation.

[TnanyBaHHs HULIXY Ta
3ano0iraHHs 3ITKHEHHSIM Y
HEBIJIOMHX YMOBaX JIs
Oe3IIJIOTHUX HAIBOIHUX
arapariB Ha OCHOBI
B/IOCKOHAJICHOT'O
anroputmy D* Lite

JocmimkeHHs MEXaHIYHUX Ta
BOJIOBI/IIIITOBXYBaJIbHUX
BJIACTHUBOCTEH OiOHIYHHUX BYIJICIIEBO-
ApPMOBAHUX TUIACTUKOBUX KOMITO3HTIB
Ha OCHOBI JIyCKH JJaTUMeEPIi Ta JINCTKIB
JI0TOCA

Research on the mechanical and
water-repellent properties of
bionic carbon fiber reinforced
plastic composites inspired by
coelacanth scale and lotus leaf.
Shi, MD; Han, ZW; Han, QG; Li,

Carbon fiber reinforced plastic (CFRP) laminates are widely used in
vessel side plate, underwater propeller, and submarine oil pipeline
because they possess superior specific strength and hydrophobicity
compared with metal materials. However, conventional CFRP
laminates are limited by insufficient mechanical properties and
incompetent water-repellent performance. Herein, a biomimetic

JlocmiKeHHS MeXaHIYHUX
Ta
BOJIOBI/IIIITOBXYBaTbHUX
BJIACTUBOCTEN O10HIYHUX
BYIJICTIEBO-aPMOBAaHUX
IUIACTHKOBHUX KOMIIO3HUTIB
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B.; Ren, LQ. COMPOSITES
SCIENCE AND
TECHNOLOGY. 2022. Volume
226, 109542.

double-helicoidal superhydrophobic laminate (BDHSL) was designed
and manufactured through a method combining hot press forming and
two-step spraying. The BDHSL was composed of double-helicoidal
(inspired by coelacanth scale) carbon fiber prepreg and SiO2-based
coating with multiscale hierarchical structures (inspired by lotus leaf),
which displayed excellent mechanical properties and water-repellency.
Besides, mechanical tests were carried out systematically. Remarkably,
the peak impact force of the BDHSL at the impact energy of 20 J was
2865.25 N, which increased by 136.88% compared with traditional
unidirectional laminate (UL 1209.56 N). Meanwhile, the finite element
simulation was conducted using 3D Hashin's failure criteria. The
simulation results showed that the predicted stress deflection curve for
four types of laminates correlated well with experimental results.
Moreover, the water contact angle of BDHSL reached approximately
156.5 degrees, which indicated its superhydrophobicity. What is more,
the durability and water-repellency of the SiO2-based coatings were
investigated, which further confirmed its potential underwater
applicability. The investigations in this work offer a promising way to
effectively design and fabricate exquisitely structured CFRP laminates
with hierarchically textured coatings that are more suitable for various
marine applications under practical conditions, such as offshore oil
drilling platform, autonomous underwater vehicle, high-speed ship,
and so forth.

Ha OCHOBI JIyCKH
JIATUMEPIi Ta JTUCTKIB
JoTOCa

BEPEI'OBA APTUJIEPISL
In:kenepis
1 Ouinka noryxkHocti GoeronoBkd Ha | Warhead power assessment | Warhead power assessment of the anti-ship missile plays a vital role | https://www.webofscience.
OCHOBI Teopii HeuiTkux | based on double hierarchy | in determining the optimal design of missile, thus having important | com/wos/woscc/full-

JHTBICTUYHUX TEPMIiHIB 3 MOABIIHOIO
iepapxi€fo Ta  METOAy  OLIHKHU
HaOyTOTO Ta BTPAYECHOTO
JOMIHYBaHHS

hesitant fuzzy linguistic term
sets theory and gained and lost
dominance score method.

Yao, TL; Wang, WL; Miao, R;
Hu, QW; Dong, J.; Yan, XF.
CHINESE JOURNAL OF
AERONAUTICS. 2022. Volume
35. Issue 4. Page 362-375.

strategic research significance. However, in the assessment process,
expert's judgement will directly affect the assessment accuracy. In
addition, there are many criteria involved in the missile design
alternatives. Some criteria with poor performance may be compensated
by other criteria with excellent performance, and then it is impossible
to find the truly optimal alternative. Aimed at solving these problems,
this paper proposes a synthetical assessment process based on fuzzy
hesitant linguistic term set and the Gained and Lost Dominance Score
(GLDS) method. In order to improve the assessment accuracy of
experts and solve the problem that experts generate different opinions,
combined with the advantages of fuzzy hesitant sets and linguistic term
sets, the double hierarchy hesitant fuzzy linguistic term sets are used in

this paper to improve the accuracy of expert's judgement. In order to

record/ WOS:0007882248
00002
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effectively combine expert's experience with the data of criteria, the
evidence theory and entropy weight method are used to transfer the
expert's judgement to the weight. In order to avoid selecting defective
alternative of missile design, the GLDS is used to fuse expert
information and criteria information. Sensitivity analysis shows that
the assessment process has sensitivity to some extent. However, when
the fluctuation of expert's assessment makes the fluctuation of h in the
range of-5% to 5%, the impact on the results is not quite conspicuous.
The analysis of calculation result and comparative analysis show that
the assessment process proposed in this paper is accurate enough, has
great advantage in selecting the current and potential optimal
alternative of missile design, and avoids the alternatives with low
criteria performance that cannot be compensated by other criteria being
selected.

TpUBUMIpHUI PpO3MOAITICHUH 3aKOH
CILUIBHOTO HaBeJCHHA 3
OOMEXEHHSAMH KyTa ymapy JJs
MIPOTUKOpPAOETIbHUX PAKET

Three-dimensional impact angle
constrained distributed
cooperative guidance law for
anti-ship missiles.

Li, W.; Wen, QQ; He, L.; Xia,
QL. JOURNAL OF SYSTEMS
ENGINEERING AND
ELECTRONICS. 2021. Volume
32. Issue 2. Page 447-459.

This paper investigates the problem of distributed cooperative
guidance law design for multiple anti-ship missiles in the three-
dimensional (3-D) space hitting simultaneously the same target with
considering the desired terminal impact angle constraint. To address
this issue, the problem formulation including 3-D nonlinear
mathematical model description, and communication topology are
built firstly. Then the consensus variable is constructed using the
available information and can reach consensus under the proposed
acceleration command along the line-of-sight (LOS) which satisfies the
impact time constraint. However, the normal accelerations are designed
to guarantee the convergence of the LOS angular rate. Furthermore,
consider the terminal impact angle constraints, a nonsingular terminal
sliding mode (NTSM) control is introduced, and a finite time
convergent control law of normal acceleration is proposed. The
convergence of the proposed guidance law is proved by using the
second Lyapunov stability method, and numerical simulations are also
conducted to verify its effectiveness. The results indicate that the
proposed cooperative guidance law can regulate the impact time error
and impact angle error in finite time if the connecting time of the
communication topology is longer than the required convergent time.

https://www.webofscience.

com/wos/woscc/full-

record/ WOS:0006460425

00016

Ontumizamis KoHQIryparii Kopmycy
MIPOTHKOPAOETEHOL pakeru 3
BUKOPHUCTAHHSAM CypOI'aTHHUX METOIIB
Ta ypaxyBaHHSIM BHCOKOLIBHIKICHOI'O
KOHTaKTy 3 BOJOFO

Surrogate-assisted optimization
for anti-ship missile body
configuration considering high-
velocity water touching.

Ye, NH.; Long, T.; Meng, JH.,
Shi, RH; Zhang, BS. CHINESE
JOURNAL OF

As a crucial weapon in the sea battle, anti-ship missiles generally
employ a sea-skimming penetration strategy to reduce the probability
of being detected by the target radar, which greatly increases the risk
of touching water caused by sensor errors or random sea conditions. To
alleviate the large impact load by high-velocity water touching, a
novel anti-ship missile body configuration is proposed in this paper,
which is inspired by the idea of hydroplaning. A parametric geometry

https://www.webofscience.

com/wos/woscc/full-

record/ WOS:00113586670
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AERONAUTICS. 2023. Volume
36. Issue 12. Page 268-281.

model is first developed to modify the configuration of the anti-
ship missile body. Subsequently, a structured arbitrary Lagrange-
Eulerian based Fluid-Structure Interaction (FSI) model is established
to analyze the kinematics parameters of the missile body during the
hydroplaning process. A missile body configuration optimization
problem is then formulated to minimize the impact load considering
several constraints, e.g., horizontal velocity loss, pitch angle after
touching water, and inside capacity for payload. Due to the time-
consuming FSI simulation, a Kriging-assisted constrained differential
evolution method is utilized to optimize the missile body configuration
for reducing the impact load. During the optimization process, radial
basis function and Kriging are combined with evolutionary operators
to lead the search to the vicinity of the optimum rapidly. The result
shows that the proposed missile body configuration can reduce the
impact load by 18.8% compared with the ordinary configuration.
Additionally, the optimized configuration can further yield a 17.4%
impact load decrease subject to all the constraints and avoid structural
damage by the high-velocity water touching, which demonstrates the
effectiveness and practicability of the proposed anti-ship missile body
configuration and corresponding optimization framework for reducing
the impact load.

MameBpyBaHHS Ta CyNpOBiJ Lije 3a
6araToMozIeNIbHOrO
MOJEIOBaHHS Ha OCHOBI aJalTHBHOI

JOIIOMOI'0IO

CTPYKTYpH

Maneuvering Target Tracking
with Multi-Model Based on the
Adaptive Structure.

Guo, Q.; Teng, L. IEEJ
TRANSACTIONS ON
ELECTRICAL AND
ELECTRONIC

ENGINEERING. 2022. Volume
17. Issue 6. Page 865-871.

In the "snake" maneuver tracking of anti-ship missiles, the traditional
interactive multi-model algorithm has poor tracking accuracy and the
computational complexity of the improved algorithm is large. An
adaptive structure multi-model (ASMM) algorithm is proposed to
solve this problem. The multi-model tracking algorithm is improved
from two aspects: tracking accuracy and computational complexity.
First, the fuzzy control idea is introduced to speed up the update of the
model probability, which improves the convergence speed and tracking
accuracy of the interacting multiple model (IMM) algorithm. Next, a
tracking model with an adaptive structure is proposed, which can adjust
the tracking model adaptively according to the motion form of the
target, thereby reducing the calculation redundancy. The simulation
experiment shows that the proposed algorithm has better tracking
accuracy than the traditional multi-model algorithm while maintaining
the approximate computational complexity, and has smaller
computational complexity than the traditional improved algorithm
while maintaining the approximate tracking accuracy.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0007583709
00001

[eperranyBaHHS IBOLITHOBUX PAKET
JUIA BIACHKOBO-MOPCBHKOI TaKTHYHOL

TPYIH 3 JMHAMIYHAMH 1Iepe0osiMU

Bi-objective missile
rescheduling for a naval task
group with dynamic disruptions.

This paper considers the rescheduling of surface-to-air missiles
(SAMs) for anaval task group (TG), where a set of SAMs have already
been scheduled to intercept a set of anti-ship missiles (ASMs). In

https://www.webofscience.

com/wos/woscc/full-
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Silav, A.; Karasakal, O.;
Karasakal, E. NAVAL
RESEARCH LOGISTICS.

2019. Volume 66. Issue. 7. Page
596-615.

missile defense, the initial engagement schedule is developed
according to the initial state of the defensive and attacking units.
However, unforeseen events may arise during the engagement, creating
a dynamic environment to be handled, and making the initial schedule
infeasible or inefficient. In this study, the initial engagement schedule
of a TG is assumed to be disrupted by the occurrence of a destroyed
ASM, the breakdown of a SAM system, or an incoming new target
ASM. To produce an updated schedule, a new biobjective
mathematical model is formulated that maximizes the no-leaker
probability value for the TG and minimizes the total deviation from the
initial schedule. With the problem shown to be NP-hard, some special
cases are presented that can be solved in polynomial time. We solve
small size problems by the augmented epsilon-constraint method and
propose heuristic procedures to generate a set of nondominated
solutions for larger problems. The results are presented for different
size problems and the total effectiveness of the model is evaluated.

record/ WOS:0004877823
00005

Indopmaruka
1 BararoninsoBuii miaxin 1o | A multi-objective approach for | In this study, we develop a new solution approach for the dynamic | https://www.webofscience.
JMHAMIYHOTO po3nofiny paker 3 | dynamic missile allocation using | missile allocation problem of a naval task group (TG). The approach | com/wos/woscc/full-
BUKOPUCTaHHSIM wryanux | artificial neural networks for | considers the rescheduling of the surface-to-air missiles (SAMs), | record/ WOS:0006594386

HEHUPOHHUX MEpEXK Ui NPUMHATTA

pillieHb, 3aJIEKHHUX BiJl Yacy

time sensitive decisions.
Karasakal, O.; Karasakal, E.;
Silav, A. SOFT COMPUTING.
2021. Volume 25. Issue 15. Page
10153-10166.

where a set of them have already been scheduled to a set of
attacking anti-ship missiles (ASMs). The initial schedule is mostly
inexecutable due to disruptions such as neutralization of a target ASM,
detecting a new ASM, and breakdown of a SAM system. To handle the
dynamic disruptions while keeping efficiency high, we use a bi-
objective model that considers the efficiency of SAM systems and the
stability of the schedule simultaneously. The rescheduling decision is
time-sensitive, and the amount of information to be processed is
enormous. Thus, we propose a novel approach that supplements the
decision-maker (DM) in choosing a Pareto optimal solution
considering two conflicting objectives. The proposed approach uses an
artificial neural network (ANN) that includes an adaptive learning
algorithm to structure the DM's prior articulated preferences. ANN acts
like a DM during the engagement process and chooses one of the non-
dominated solutions in each rescheduling time point. We assume that
the DM's utility function is consistent with a non-decreasing quasi-
concave function, and the cone domination principle is incorporated
into the solution procedure. An extensive computational study is
provided to present the effectiveness of the proposed approach.
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Imuboxke HABYAHHS st | Deep Learning for Automatic | Supervised deep learning algorithms are re-defining the state-of-the-art | https://www.webofscience.
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and Synthetic Infrared Maritime
Imagery.
Westlake, ST, Volonakis, TN;

Jackman, J.; James, DB,;
Sherriff, =~ A.  ARTIFICIAL
INTELLIGENCE AND

MACHINE LEARNING IN
DEFENSE APPLICATIONS II.
2020. Volume 11543, 11543009.

algorithms requires extensive datasets that are typically expensive and
time-consuming to collect. In the field of defence and security, this can
become impractical when data is of a sensitive nature, such as infrared
imagery of military vessels. Consequently, algorithm development and
training are often conducted in synthetic environments, but this brings
into question the generalisability of the solution to real world data. In
this paper we investigate training deep learning algorithms for infrared
automatic target recognition without using real-world infrared data. A
large synthetic dataset of infrared images of maritime vessels in the
long wave infrared waveband was generated using target-missile
engagement simulation software and ten high-fidelity computer-aided
design models. Multiple approaches to training a YOLOV3 architecture
were explored and subsequently evaluated using a video sequence of
real-world infrared data. Experiments demonstrated that
supplementing the training data with a small sample of semi-labelled
pseudo-IR imagery caused a marked improvement in performance.
Despite the absence of real infrared training data, high average
precision and recall scores of 99% and 93% respectively were achieved
on our real-world test data. To further the development and
benchmarking of automatic target recognition algorithms this paper
also contributes our dataset of photo-realistic synthetic infrared
images.

record/ WOS:0006324732
00007

[Miaxin no mnepeBuOoOpy It Juist
MPOTUKOpPA0EebHOI ~ pPaKeTH MPOTH
LIEHTPOIJHUX TIEPELLKO 3
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An  Approach to  Target
Reselection  for  Anti-Ship
Missile ~ Against  Centroid
Jamming with Accurate

Tracking Information.

Zhang, JQ; Li, K.; Li, Y.; Li, JL.
INTERNATIONAL JOURNAL
OF PATTERN RECOGNITION
AND ARTIFICIAL
INTELLIGENCE. 2021.
Volume 35. Issue 11, 2150032.

By equaling the detection of centroid jamming to the "outlier"
detection in the process of tracking with Kalman filter, an approach to
target reselection for anti-ship missile against centroid jamming with
accurate tracking information is proposed in this paper considering the
mutation of the law of motion at the tracking point under centroid
jamming. For this approach, an accurate target tracking model is built
on the basis of extended Kalman filter (EKF). Using the information
collected by radar seeker including distance, velocity and angle, it
could achieve the accurate tracking of the target and determine the
motion state of the target accurately. On this basis, the orthogonality of
innovation in the process of Kalman filtering is utilized to detect any
mutation of the motion state of the target, so that the existence of
centroid jamming is detected when there is any mutation of the law of
motion at the tracking point in the process of chaff centroid jamming.
This offers a new solution for remote beyond-visual-range (BVR) anti-
ship missile against centroid jamming.
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4 3akoH KiHIIEBOT'O HaBeneHHs | Terminal guidance law of | Intelligence of weapon system, precision of striking weapon and | https://www.webofscience.
MajorabapuTHoi mporukopabensHoi | small anti-ship missile based on | diversification of combat formulation are important developing trends | com/wos/woscc/full-
paketu Ha 0asi mbokuii | DDPG. in future combat operations. A terminal guidance law based on | record/ WOS:0006568980
JIETEPMiHOBaHOL rpagientHoi | Li, CX; Deng, BY; Zhang, TQ. | reinforcement learning (RL) and deep deterministic Policy Gradient | 00063
TTOJTITHKH INTERNATIONAL (DDPQG) is proposed to solve the problems in missile guidance system,
CONFERENCE ON IMAGE, | such as heavy dependence on simulated environment training, poor
VIDEO PROCESSING AND | interception effected by condition constraints, and insufficient
ARTIFICIAL INTELLIGENCE. | guidance accuracy caused by the difference between simulated
2020. Volume 11584, 115841W. | environment and the real environment. Taking advantage of the
maneuverability of the small anti-ship missile relative to the ship,
according to the game theory in reinforcement learning combined with
the deep neural network, the optimizing trajectory is updated by
analyzing the projectile motion and line of sight angle. Reward was set
reasonably in line with the spatial position and the strategy gradient
was optimized by using the deep neural network. Simulating
experiments show that after iterative training, the DDPG guidance
model for small anti-ship missiles can optimize the ballistic curve, and
the miss distance can meet the requirements. Compared with traditional
guidance laws, this model has better autonomous decision-making
ability and strike capability.
5 Inrerpamist  TexHomorii  aHami3y | Integrating Big Data Mining | For the currently used joint command information system severely | https://www.webofscience.

BENMKHX JaHHX JUIsl [OKPAIICHHS
3MaTHOCTI  iH(GOPMAIIMHUX CHCTEM
MPUAMATH PillICHHS

Technology to Improve
Information System Decision-
making Ability.

Chen, YG; Zhang, G; Xiong,
ZX. 10TH INTERNATIONAL
CONFERENCE ON BIG DATA
AND INFORMATION
ANALYTICS. IEEE. 2024. Page
364-367.

restricted the improvement of assistant decision-making and intelligent
command capability, which the data requirement analysis 1is
insufficient. Starting from the anti-ship mission of surface ships, this
paper uses large-scale data mining and analysis technology to excavate
the data characteristics of preparation, command and execution,
evaluation and analysis, and to compile the specific data requirements.
The analysis conclusion could theoretically provide the key direction
and theoretical support for the date collection of the combat system,
which has great significance to perfect system performance and
assistant decision-making..

com/wos/woscc/full-
record/ WOS:0014141765
00054

CucreMu aBTOMAaTH30BaHOIO YIIPABJIIHHSA
1 Merton OIIIHKH epexruBHoCcTI | Damage effectiveness | The research on the damage effectiveness assessment of anti- | https://www.webofscience.
TTOIITKOKECHB nporukopabensaux | assessment method for anti-ship | ship missiles involves system science and weapon science, and has | com/wos/woscc/full-
paker Ha OcCHOBI JiHrBicTHyHHX | missiles based on double | essential strategic research significance. With comprehensive analysis | record/ WOS:0007955830

TEepMIiHiB MTOABIHHOI iepapXii Ta Teopil
JIOKa3iB

hierarchy linguistic term sets and
evidence theory.

Yao, TL; Wang, WL; Miao, R.;
Dong, J.; Yan, XF. JOURNAL
OF SYSTEMS ENGINEERING
AND ELECTRONICS. 2022.

of the specific process of the damage assessment process of anti-
missile against ships, a synthetic damage effectiveness assessment
process is proposed based on the double hierarchy linguistic term set
and the evidence theory. In order to improve the accuracy of the
expert's assessment information, double hierarchy linguistic terms are
used to describe the assessment opinions of experts. In order to avoid

00019
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Volume 33. Issue 2. Page 393-
405.

the loss of experts' original information caused by information fusion
rules, the evidence theory is used to fuse the assessment information of
various experts on each case. Good stability of the assessment process
can be reflected through sensitivity analysis, and the fluctuation of a
certain parameter does not have an excessive influence on the
assessment results. The assessment process is accurate enough to be
reflected through comparative analysis and it has a good advantage in
damage effectiveness assessment.

Meton po3ToniTy BorueBoi | Firepower distribution method | Anti-ship missile coordinated attack mission planning is a complex | https://www.webofscience.
MTOTY)KHOCTI nporukopabenbHoi | of anti-ship missile based on | multi-objective optimization problem with multiple combinations of | com/wos/woscc/full-
paketn Ha OcHOBI maHyBaHHs | coupled path planning. platforms, strong decision-making constraints, and tightly coupled | record/ WOS:0008628154
NOB's13aHOT TpaexTopii Gang, L.; Zhibiao, A.; | links. To avoid the coupling disorder between path planning and | 00023
Songyang, L., Wu, L. | firepower distribution and improve the efficiency of coordinated attack
JOURNAL OF SYSTEMS | mission planning, a fire-power distribution model under the conditions
ENGINEERING AND | of path planning is established from the perspective of decoupling
ELECTRONICS. 2022. Volume | optimization and the algorithm is implemented. First, we establish
33. Issue 4. Page 1010-1024. reference coordinate system of firepower distribution to clarify the
refer-ence direction of firepower distribution and divide the area of
firepower distribution; then, we construct an index table of mem-
bership of firepower distribution to obtain alternative firepower
distribution plans; finally, the fitness function of firepower distri-bution
is established based on damage income, missile loss, ratio of efficiency
and cost of firepower distribution, and the mean square deviation of the
number of missiles used, and the alternatives are sorted to obtain the
optimal firepower distribu-tion plan. According to two simulation
experiments, the method in this paper can effectively solve the many-
to-many firepower distribution problem of coupled path planning.
Under the premise of ensuring that no path crossing occurs, the optimal
global solution can be obtained, and the operability and timeli-ness are
good.
[TnanyBanHs Tpaekropii | Path Planning for Anti- | Path planning is a significant component to achieve successful | https://www.webofscience.
MIPOTUKOPAOETEHOT pakeru 3 | Ship Missile Using Tangent | operation of anti-ship missile in dynamic battlefield environment. A | com/wos/woscc/full-
BUKOPUCTaHHSIM JIOTUYIHOL 1o | Based Dubins Path. threat-free path planning algorithm based on geometric tangent Dubins | record/ WOS:0005009836
Tpaekropii J{ybiHca Cheng, L.; Lu, H.; Lei, T.; Chen, | path is proposed in this paper. First, the constraints need to be satisfied | 00032
J. 2ND INTERNATIONAL | for threat-free path planning are presented, and the problem model of
CONFERENCE ON | missile path planning is constructed. Then, the geometric tangent
INTELLIGENT between two threat circles is taken advantage of guiding the missile to
AUTONOMOUS SYSTEMS. | avoid the threat, and the basic turn and straight line path is generated

2019. Page 175-180.

based on Dubins path. At last, the adaptability of the proposed
algorithm in complex battlefield environment is verified by
simulations. The results show that the Dubins path avoidance method
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based on geometric tangent can meet the requirements of flight path,
obstacle avoidance and real-time planning, which make it have a strong
application prospect.

4 B mapamerpis  Tpaektopii | The influence of trajectory | In this paper, we synthesize the sinusoidal biased proportional | https:/www.webofscien
NONKOTY Ha JalbHicTh mpomaxy Ta | design parameters on miss | navigation guidance (PNG) law for enhancing the survivability of anti- | ce.com/wos/woscc/full-
JKUBYUiCTL MpoTHKOpadensuux paker | distance  and  survivability | ship missiles against the interception of anti-air missiles (AAM). The | record/ WOS:000750950

of anti-ship missiles. magnitude and frequency of the sinusoidal acceleration can be seen as | 700200
Dung, BQ; Tinh, CH; Thuc, NC; | trajectory design parameters of the guidance law. The closed-form
Dan, D. 21ST | solution of the command acceleration is found to show how the key
INTERNATIONAL parameters influence the performance of the guidance law. To evaluate
CONFERENCE ON | the influence of trajectory design parameters as well as dynamics
CONTROL, AUTOMATION | parameters on both the miss distance and the survivability of anti-
AND SYSTEMS. IEEE. 2021. | ship missiles, we use the homing loop model which consists of the
Page 1496-1501. canonical fifth-order binomial dynamics and the proposed guidance
law. The simulation is implemented in Matlab based on the homing
model for drawing the miss distance curves of both anti-ship missiles
and anti-air missiles. The simulation results show that the magnitude,
frequency, and time constants greatly influence the miss distance and
survivability of the anti-ship missiles (ASM). Finally, the suggestions
for choosing suitable parameters are also presented.

5 Ouinka Haxwny oOtiunuka, o | Time-Varying Radome Slope | This paper addresses a time-varying radome slope (RS) estimation | https://www.webofscience.
3MIHIOETHCS B Jaci, s | Estimation for Passive | problem for passive homing anti-ship missiles. Apart from | com/wos/wosce/full-
npoTHKopabebHUX pakeT 3 macuBHUM | Homing Anti-Ship Missiles. conventional approaches, the non-linear characteristics of the radome | record/ WOS:0005607790
CaMOHAaBEICHHIM Ra, WS; Ahn, S.; Lee, Y.; | aberration error is taken into account for modeling the RS dynamics. | 04086

Whang, IH (Whang, Ick-Ho). | In addition, it is shown that the acceleration dither is necessary for
S8TH CONFERENCE ON | ensuring the observability of the RS estimation with passive seeker
DECISION AND CONTROL. | measurements. Based on this observation, a linear RS measurement
IEEE. 2019. equation is set up by analyzing the seeker response to the high-
frequency acceleration dither. Thus, the RS estimation problem can be
easily resolved by designing a time-varying Kalman filter. Since the
proposed approach adopts a simple linear filter structure, it is suitable
for an in-flight real-time RS estimation. Through the computer
simulation for a typical ASM-target engagement scenario, the
usefulness of the suggested scheme is demonstrated.
TenexomyHikamii

1 3armymeHHs  pafmiomokaropiB, 1o | Deception Jamming Against | Missile seekers are becoming increasingly more capable of using | https://www.webofscience.
3arOCTPIOIOTH nmoroiepiBepkuit | Doppler  Beam  Sharpening | Doppler Beam Sharpening (DBS) modes as part of the homing cycle, | com/wos/woscc/full-
MIPOMiHb Radars. which requires new countermeasures against this mode. One type of | record/ WOS:0005254197

countermeasure, is to create false targets within the seeker DBS image. | 00022
This paper proposes a jamming technique to generate false targets at a
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Frazer, G.; Balleri, A.; Jacob, G.
2020. Volume 8. Page 32792-
32801.

precise location within a seeker DBS image, by both delaying and
adding a Doppler shift to received waveforms. The effects of tracking
errors on the position of the false target are analysed, both analytically
and with simulations and used to assess the practical implementation
of the jamming scheme. An experimental DBS system was built to test
the effectiveness of the jamming scheme against a platform moving in
steps and assess errors caused by incorrectly estimating the seeker
trajectory.

JunaamivHi

AQHTEHHIH penriTii

HOCTIi10BHI
XapaKTepUCTUKH e(EeKTHBHOI ILIONI
PO3CIIOBaHHS KyTOBOro BifOMBaua B

Dynamic sequential radar cross
section properties of airborne
corner reflector in array.

Wu, LG; Hu, SL; Xu, JH; Liu, Z.
IET RADAR SONAR AND
NAVIGATION. 2023. Volume
17. Issue 9. Page 1405-1419.

With the spread of airborne corner reflector (ACR) in the field of
shipborne equipment, radar guided anti-ship missile is facing new
challenges. In order to achieve the mastery of the jamming principle of
this apparatus, the paper studied its motion properties and sequential
Radar Cross Section (RCS) properties. Firstly, the motion model of the
ACR was obtained under certain constraints, by deriving the centroid
dynamics equation and rotation dynamics equation according to the
theoretical mechanics. Then, the dynamic sequential RCS model of
ACR array was established by combining the motion model with the
modified geometric optics method and coherent synthesis method.
Through the simulation and analysis of the motion model, it was found
that the flight process of the ACR can be divided into two stages: fast
falling and steady falling. In the fast falling stage, the variables of the
ACR system change rapidly, while the ACR rotates slowly and falls
smoothly in the steady falling stage. From simulation of dynamic
sequential RCS model, the results showed that the obvious
depolarisation effect is occur in the fast falling stage. Further statistical
analysis showed that, the omnidirectivity of single ACR is well from
the dynamic perspective, meanwhile array placement can effectively
enhance RCS amplitude and improve the probability density
distribution.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0010187533
00001

BumMiproBaHHS IONEPEYHOTO TIEpePizy
pamionmokamifHoro oOJamHaHHA —Ta
300pakeHHA, MOB'SA3aHI 3 MIJTHOBUM

CYIHOM y MOPCBKOMY CEpEIOBHIII

RADAR Cross Section
Measurement And  Imaging
RRelated To Ship Target In The
Sea Environment.

Li, XZ; Lu, YG; Xu, ZM; Yao,

JP. INTERNATIONAL
CONFERENCE ON
IDENTIFICATION,

INFORMATION AND

KNOWLEDGE IN  THE
INTERNET OF THINGS. 2019.
Volume 147. Page 550-555.

Study on electromagnetic scattering related to ship target in the sea
environment is always an important topic in anti-ship missile radar
seeker detection. A airborne radar has developed for radar cross section
(RCS) measurements and imaging Studied the target tracking
algorithm, which is based on the Global Position System and video
image, by this means, the stable tracking technique based on mobile
platform was solved. Compared the measured data with the numerical
results, the result shows a good agree. It is indicated that the system
can be used to measure and analyze wideband electromagnetic
scattering characteristic for arbitrary shape targets.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0004709608
00085
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4 Panionoxkariiine MonemoBanHs | Radar simulation imaging of | Anti-ship missiles remain a major threat to surface ships. The outboard | https://www.webofscience.

30BHINIHIX MTACUBHUX TTEPEIITKO] outboard passive jamming. passive jamming is an important means for ships to counter radar | com/wos/woscc/full-
Bai, J.; Deng, B.; Wang, HQ. | guided anti-ship missiles. Therefore, it is essential to study the | record/WOS:0009644465
INTERNATIONAL electromagnetic scattering characteristics and radar imaging results of | 00200
CONFERENCE ON | the passive jamming. In this paper, the electromagnetic scattering
MICROWAVE AND | characteristics of a ship target and a passive jammer are analyzed by
MILLIMETER WAVE | using electromagnetic calculation simulation. The radar imaging
TECHNOLOGY. 2022. results in THz band of the two targets are analyzed by using
electromagnetic calculation data.

5 Jocmimkenns 3 moBHoro mugpposoro | Research  on  all  digital | In this paper, an anti-ship missile combat experiment based on target | https://www.webofscience.
MOJICITIOBAHHS 6oro | simulation of anti-ship missile | characteristic data is simulated by all digital simulation. The main | com/wos/woscc/full-
npoTukopalelbHUX pakeT Ha OCHOBI | combat  based on  target | technological process is setting of the simulation environment to the | record/ WOS:0006704966
JIAHUX TIPO XapaKTEPUCTUKH LiTe characteristic data. simulation of missile launch, radar scanning sea surface, the simulation | 00390

Yan, YY; Wang, XT; Zou, Y.; | of target echo, the generation of clutter, and the analysis of the echo
Gao, HM. INTERNATIONAL | received by the radar seeker, the trajectory is modified, and finally the
CONFERENCE ON | target is hit. Finally, according to the actual battlefield environment,
MICROWAVE AND | the function test of the whole simulation system is carried out. The
MILLIMETER WAVE | experimental results show that the whole simulation system can
TECHNOLOGY. IEEE. 2020. simulate the whole ballistic process of missile from launching to hitting
the target, and the system has good reliability and stability
IncrpymenTn
1 Meronu niarHoctuku HecnpaBHocred | Fault Diagnosis Methods for | With the development of modern military technology, electrical drive | https://www.webofscience.

JIBUT'YHa  CHCTEMH  3apsDKaHHA
apTuiiepii B CKIaJHUX IIYMHHX
cepeoBUINaX

an Artillery Loading System
Driving Motor in Complex
Noisy Environments.

Huang, WK; Li, Y.; Tang, JS;
Qian, LF. SENSORS. 2024.
Volume 24. Issue 3, 847.

technology has become a power source for modern artillery. In fault
monitoring of a driving motor mounted on a piece of artillery, various
sensors are susceptible to interference from the complex environment,
both inside and outside the artillery itself. In this study, we creatively
propose a fault diagnosis model based on an attention mechanism, the
AdaBoost method and a wavelet noise reduction network to address
the difficulty in obtaining high-quality motor signals in complex noisy
interference environments. First, multiple fusion wavelet basis, soft
thresholding, and index soft filter optimization were used to train
multiple wavelet noise reduction networks that could recover sample
signals under different noise conditions. Second, a convolutional
neural network (CNN) classification module was added to construct
end-to-end classification models that could correctly identify faults.
The above basis classification models were then integrated into the
AdaBoost method with an improved attention mechanism to develop a
fault diagnosis model suitable for complex noisy environments.
Finally, two experiments were conducted to validate the proposed
method. Under motor signals with varying signal-to-noise ratios

com/wos/woscc/full-
record/ WOS:00116039140
0001
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(SNRs) noises, the proposed method achieved an average accuracy of
92%, surpassing the conventional method by over 8.5%.

2 CrinbHa OLliHKA omeparuBHoi | Joint  operational  situation | The assessment of battlefield situations and the allocation of firepower | https://www.webofscience.
cutyamii Ta  Meron — po3moainy | assessment and  firepower | are pivotal prerequisites for conducting joint operational planning. In | com/wos/woscc/full-
BOTHEBOI IMOTY)KHOCTI Ha ocHOBI | allocation method based on | response to the challenges posed by multi-service joint operations, this | record/ WOS:0012333850
BIOCKOHAJIEHOT Mojzeii moreHmidHoi | enhanced — potential — energy | paper presents a methodology based on enhanced operational potential | 00001
eHeprii model. energy model for the assessment of battlefield situations and the

Xu, YT; Yuan, JB; Zhou, W.; Yu, | generation of optimal firepower allocation plan. We focuses on the

M. MEASUREMENT | three-fold factors influencing operational effectiveness: spatial,

SCIENCE AND | informational, and environmental factors, and completes the enhanced

TECHNOLOGY. 2024. Volume | operational potential energy model by integrating the assessment of

35. Issue 8, 086208. joint operational situations and the generation of optimal firepower
allocation plans. Finally, the effectiveness of this methodology is
demonstrated through operational simulations in a joint anti-
ship combat scenario.

3 3pyunuit  Meron  BumpoOyBanHsi | A convenient method for testing | Discuss the existing problems of the traditional method of calculating | https://www.webofscience.
crilikocti m0 Bimmaui apruiepii | recoil resistance of large caliber | recoil resistance of large caliber artillery by measuring recoil | com/wos/wosce/full-
BEJIMKOT0 Kajiopy artillery. displacement and pressure in the working chamber of the recoil brake. | record/ WOS:0007591968

Li, DH; Duan, F.; Peng, P.; Di, | Through the analysis of the recoil movement process, a recoil | 00033
CG. INTERNATIONAL | resistance test model is established, and a convenient recoil resistance
CONFERENCE ON SENSORS | test method based on recoil acceleration is proposed. The simulation
AND INSTRUMENTS. 2021. | result shows that the proposed recoil resistance test method is feasible.
Volume 11887, 118870Y. A comparative verification test is designed, and two recoil resistance
test methods are used to simultaneously measure the recoil resistance
curve under the same firing state. The live ammunition experiment
shows that the maximum relative deviation of the maximum recoil
resistance obtained by the two methods is only 6.6%, and the proposed
test method is easy to implement and low cost, which satisfies the needs
of the firing scene to quickly evaluate the maximum recoil resistance.
MarepiajioO3HABCTBO

1 JocmimkeHHst koedimienta | Penetration Gain Study of a | Atungsten fiber/Zr-based bulk metallic glass matrix composite (Wf/Zr- | https://www.webofscience.
MIPOHUKHEHHsSI KOMIo3uTy Ha ocHOBI | Tungsten-Fiber/Zr-Based MQ) is a potential penetrator material. To compare and analyze the | com/wos/woscc/full-
BOJIb(ppamMoBOro BOJIOKHA ta | Metallic Glass Matrix | penetration behavior of Wf/Zr-MG and a tungsten heavy alloy (WHA), | record/ WOS:0007622683

OUPKOHII0O 3 METaJCBOK CKIISTHOIO
MAaTpPHIICIO

Composite.
Zhou, F.; Du, CX.; Du, ZH; Gao,
GF; Cheng, C.; Wang, XD.
CRYSTALS. 2022. Volume 12.
Issue 2, 284.

a penetration experiment into the 30CrMnMo homogeneous armor
target plate (RHA) is conducted in the present paper, by using a phi 37
mm smooth bore artillery with an impact velocity of 1550 +/- 40 m/s.
Unlike the penetrator made of WHA, the self-sharpening phenomenon
was observed in the nose of the W{/Zr-MG rod. The experimental
results indicate that the penetration ability of W{/Zr-MG rod is
approximately 10% higher than that of the WHA rod when the impact
velocity is 1550 +/- 40 m/s. The combined findings on the microscopic
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morphology, composition, hardness distribution around the crater, and
the macroscopic structure of the penetrator residual show that under
this impact velocity, the Wf/Zr-MG material shows amorphous
gasification. The Wfs outside the rod shows bending and backflow,
resulting in the maintenance of the self-sharpening nose of the
penetrator during the penetration process. Moreover, the hardness peak
around the crater formed by the W{/Zr-MG rod is lower, and the
penetration crater is straighter, indicating that the W{/Zr-MG rod has a
stronger slag removal ability, lower penetration resistance, and higher
penetration efficiency. It is an ideal penetrator material.

BB temmeparypu  comna  Ha
MIKpPOCTPYKTYpH Ta ¢iznuHi
BJIACTUBOCTI JIeTajield 3 HeprKaBirodol
cram 3161, aTuTHBHO BUTOTOBJIEHUX
METOJIOM eKCTpy3ii Marepiany

Influence of nozzle temperatures
on the microstructures and
physical properties of 316L
stainless steel parts additively
manufactured by  material
extrusion.

Musa, NH; Mazlan, NN; Yusuf,
SM; Redzuan, FLBM; Nordin,
NA; Mazlan, SA. RAPID
PROTOTYPING JOURNAL.
2024. Volume 30. Issue 10. Page
2021-2032.

Purpose - Material extrusion (ME) is a low-cost additive manufacturing
(AM) technique that is capable of producing metallic components
using desktop 3D printers through a three-step printing, debinding and
sintering process to obtain fully dense metallic parts. However,
research on ME AM, specifically fused filament fabrication (FFF) of
316L SS, has mainly focused on improving densification and
mechanical properties during the post-printing stage; sintering
parameters. Therefore, this study aims to investigate the effect of
varying processing parameters during the initial printing stage,
specifically nozzle temperatures, T-n (190 degrees C-300 degrees C)
on the relative density, porosity, microstructures and microhardness of
FFF 3D printed 316L SS. Design/methodology/approach - Cube
samples (25 x 25 x 25 mm) are printed via a low-
cost Artillery Sidewinder X1 3D printer using a 316L SS filament
comprising of metal-polymer binder mix by varying nozzle
temperatures from 190 to 300 degrees C. All samples are subjected to
thermal debinding and sintering processes. The relative density of the
sintered parts is determined based on the Archimedes Principle.
Microscopy and analytical methods are conducted to evaluate the
microstructures and phase compositions. Vickers microhardness (HV)
measurements are used to assess the mechanical property. Finally, the
correlation between relative density, microstructures and hardness is
also reported. Findings - The results from this study suggest a suitable
temperature range of 195 degrees C-205 degrees C for the successful
printing of 316L SS green parts with high dimensional accuracy. On
the other hand, T-n =200 degrees C yields the highest relative density
(97.6%) and highest hardness (292HV) in the sintered part, owing to
the lowest porosity content (<3%) and the combination of the finest
average grain size (similar to 47 m) and the presence of Cr23C6
precipitates. However, increasing T-n = 205 degrees C results in
increased porosity percentage and grain coarsening, thereby

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0012943487
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reducing the HV values. Overall, these outcomes suggest that the
microstructures and properties of sintered 316L SS parts
fabricated by FFF AM could be significantly influenced even by
adjusting the processing parameters during the initial printing
stage only. Originality/value - This paper addresses the gap by
investigating the impact of initial FFF 3D printing parameters,
particularly nozzle temperature, on the microstructures and
physical characteristics of sintered FFF 316L SS parts. This
study provides an understanding of the correlation between
nozzle temperature and various factors such as dimensional
integrity, densification level, microstructure and hardness of the
fabricated parts.

MikpocTpykTypa Ta 3HOCOCTIHKiCTH
nokputtiB TaC Ta Ta/TaC Ha craii
30CrNi2MoVA

Microstructure and Wear
Performance of TaC and Ta/TaC
Coatings on 30CrNi2MoVA

Steel.

Yang, K.; Lv, XM; Lai, ZY;
Chen, XH; Wei, DB; Li, SQ;
Zhang, PZ. COATINGS. 2014.
Volume 14. Issue 8, 1039.

To enhance the wear resistance of artillery barrels in harsh
environments, TaC and Ta/TaC coatings were prepared on
30CrNi2MoVA steel using double-glow plasma surface metallurgy
technology. These coatings, of which their surfaces consisted of almost
pure TaC phases, showed defect-free interfaces with the substrate. The
Ta/TaC coating demonstrated excellent integration, forming a nearly
homogeneous structure. The coatings exhibited a gradient cross-
sectional hardness, affecting a depth of approximately 20 mu m. The
Ta transition layer significantly enhanced the microhardness and
adhesive strength of the TaC coating, with about 16.7% and 68.5%
increases in the Ta/TaC coating, respectively. Both coatings markedly
improved the wear resistance, showing slight wear at room temperature
and minor oxidative wear at high temperatures. The Ta/TaC coating had
more stable friction coefficient curves and a lower specific wear rate,
with an 11.4% wear rate of the substrate at 500 degrees C. Thermal
mismatch and stress concentration under wear loads caused extensive
cracks and edge chipping in the TaC coating. In contrast, the good
compatibility between the Ta transition layer and the TaC layer allowed
for cooperative deformation with the substrate, creating a plastic
deformation zone that reduced internal stresses and stress
concentration, maintaining the intact structure. This study provides
insights into applying Ta/TaC coatings for artillery barrel protection
and broadens the possible application scenarios of the preparation
technology.

https://www.webofscience.

com/wos/woscc/full-
record/ WOS:0013059184
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Tpubornoriane  AOCHIKEHHS  Ta
TTOCIIDKEHHS Terronepenadi
MOKPUTTIB 3 OKCHIy TpadeHy Ha
HEWIOHOBUX O00EpPTOBHX CTpiukax B
apTHIIEPINCHKIN crcTeMi

Tribological and Heat Transfer
Investigation of Graphene Oxide
Coatings on Nylon Rotating
Bands in an Artillery System.
Chen, HB; Meng, ZY; Yi, S.

Exploring ways to improve the performance of rotating bands is of
great importance for enhancing the power of modern artillery. This
study prepared graphene oxide-coated Nylon (GO-Nylon) and Nylon
samples based on nylon rotating bands in artillery systems to
investigate the feasibility of introducing GO-coated nylon rotating
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NANOMATERIALS. 2024.
Volume 14. Issue 23, 1943.

band materials to enhance their tribological and thermal properties. The
friction behavior and thermal effects of these two surfaces were
analyzed under different external loads and surface roughness
conditions. The results show that the excellent thermal conductivity of
GO effectively reduced temperature accumulation during friction.
Under an external load of 8 N, the surface temperature of GO-Nylon
decreased by 14% compared to the Nylon surface, and the coefficient
of friction (COF) decreased by 21%. At the same time, a simulation
model was established, and its calculation results were consistent with
the experimental trends, providing a further explanation of the
experimental phenomena. This research provides a basis for the
application of graphene-based coatings in the defense industry and
presents new ideas for the development of high-performance rotating
band materials.

IToBepxHeBe jeryBaHss ciuiaBiB BTi-
62421S  TOABIMHUM  TIA3MOBHUM
POPKAPIOBAHHAM: PETYITIOBaHHS
MIKPOCTPYKTYPHHX BJIaCTHBOCTEH

Double-Glow Plasma Surface
Alloying of BTi-62421S Alloys:
Regulation of Microstructure
Properties.

Nie, YJF; Zhang, ZM; Cheng,
M.; Yan, ZM; Dong, BB.
COATINGS. 2023. Volume 13.
Issue 5.

In order to meet the design requirements of lightweight artillery and
adopt the method of double-glow plasma nitriding to solve the problem
of low hardness and poor abrasion resistance of Ti alloy, the BTi-
624218 high-performance titanium (Ti) alloy was selected as the
experimental material to replace gun steel. To study the effect of
different nitrogen (N) concentrations on the heat resistance scouring
performance of BTi-62421S high-performance Ti alloy and investigate
the influence of alloying elements on the heat resistance scouring
performance under the same parameters compared with the commonly
used TC4 Ti alloy, argon was used as the protective gas by continuously
increasing the N concentration (Ar/N-2 = 1:1, 1:2, 1:3). It was found
that the honeycomb structure on the surface of the sample and the
thickness of the coating increased continuously, reaching a thickness
of 15 mu m, while the depth of the nitride particles extending from the
coating to the substrate also increased, reaching a maximum depth of
26 mu m. The orientation of TiN changed from 37 degrees to 62
degrees. The hardness of the coating showed a negative correlation
with the coefficient of frictional abrasion, which significantly
improved the heat-resistant scouring performance of BTi-62421S high-
performance Ti alloy.
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