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Application of Artificial Intelligence in the Maintenance and
Repair of High-Speed Vessels' Propulsion Systems: A Case Study
on a Passenger Catamaran Vessel
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Assistant Professor, Imam Khamenei University, Imam Hossein University (AS), Iran
Abstract

High-speed vessels with complex propulsion systems are subject to severe operational stresses, leading
to higher failure rates and significant maintenance, repair, and overhaul (MRO) costs. This paper
examines how artificial intelligence (Al) is transforming MRO strategies for high-speed vessel
propulsion systems. Focusing on data-driven and predictive approaches, it demonstrates how Al
technologies can significantly improve reliability, safety, operational efficiency, and cost-
effectiveness. This research presents a case study to demonstrate the role of Al in reducing failures and
maintenance costs of a passenger catamaran propulsion system. First, the propulsion system
calculations are performed.

Keywords

Artificial Intelligence, Maintenance and Repair (MRO), High Speed Craft (HSC), Propulsion System,
Predictive Maintenance, Passenger Catamaran

1 Maintenance, Repair, and Overhaul - MRO




§9 QUi 9 jlg—s /95 0yl—oiis /PEJLw

I slagts ) g olals )l gge Olps o Seslusgoen
@ e byl ol oai e e (568 slaclis
Sl S & o W ey S 5 ol 5
905 slayglid il slapianns [V] 058 oo 8 )laie
iz Sl 2B sladilyy g ol ply ogasa
e pwd W05l ] Dol b Slles JolS a8g5 4
Slkee Lulys ol g95 (gige 5 Sl ol sl
CosSl ais a5 (Ll bl Gl ey
Siloaz bSe p Slides aS e Jlpds 1) Sl
o, les sl el oo (jlid (g (b5 slaosls
)‘ oolaiul l; (u_‘>5.~u dj..a.a ‘U"“‘) sga.o.v/)}v};o )50)
S5 ML/DL , _ie Fusion slsSsss
Ol ale ogae plKinog) Lanseis Boa [A]wls
5 Sl 3 (s 5 (50,55 dajsme e ioye
o o3l sl oolainl o 4 3 Cladss el 50
5 (S5 slapa ;98 bigy (532,200 2 wile) (5 3lwainte
e g5 5 by ome sl (RL) (s g5l
(Sllos mubas (G2 ot ((A19%) (Slpens a2l
o ymsd 5 e ye c RUL S iy o83 s o b
sleas i L@Q] Gdgs e as HSC !y ol ailes S

LS g wlosl j9m0 -Y
lo iS cegec looje> 0 (egian ige ax S
I Gl S Brae (silwdigs (sl wiile)
O 4 pin 9 (paadS 0I5 013 (6 e Ceadd (Lol
ol slptam (MRO) wlyens g (65l 50
L g o3l ans o Gowes (HSC) gy 398 slo s
sboosls (giluazr LSy 5 Gres ©RTIL Cujee
ULQM 5] ML) d.xmy a)ﬁja’.;ad.}.%- < S
skJus 4 DL o394 Al )63”4. J...w;L.: oduas L
dogtces (pl 0 pa 0 gty J> jo( oS5
ot 9 bs 9 pein e 0 Cse el Wil
Jo ol b el o Sllee sla i cosRUL

doddo -

3 aday 2b,o Caro o (Al egias (bea o p)lS
Sl wz e oyl e VAR 5 VAAL slaans
5B b el ams o ohisa o VY 8 Ll 51 T (Bl
slcd iy 5 Sl a8 ildl o> slaools
Gros 65k 3 (ML) (nile (6,50 50 pSaiir

Slpianw » adsl 3505 el eas k1 (DL)
5 e U5 sl Gl G Oty
booys Glaphiuns 09 Sgw Brae il
Silwand 0 e Sl plaakise juls g liSas
ooles gee adsl Lmaiis anile la,5 gl JYazl
SIS coabad sae g3ldae Gl 56 Gl . [V] sl
5 (glsel B8y 2lomgc] Ll wiile) (b yo bama 5o
Sptaes 5 OB Gl Gl b)) (b
ssbas aVaizr cuae glaasls [Y] cd; 54 (Jle
wile) st b s iledae ln 600 S
ARES g (SSgm Bran (JAS Cuaglie (mihe
3o (hol (Jnd slaygise yo o) oole g
Jelos aile (g Lol slagbs, [Y]aws,S 15 eslizud
s gl sieb Jobos 5 (PCA) Lol cloailse
S adsl Candg 1l 6,5 sloosls o o lnials
Owiole 9iile DS ML (slon o ,¢301 [ F ] sy aié 5
Sz 5 (DT) e 2350 « (SVM) iy o
32 oge gyl pEds sanaid sl (RF) Jolas
«Dy08 lapins aile) i8S Sodzry slepiacw
potie - a8 ,S L8 LS 5550 (Sdgjame sbaailels
P Seax pgba ool e wlinin GINS
sloosls (ilwaz LS 4 5l g 0b zrhae (o) Caro
[0]cés ogd ojshate aiz (5,5
ras SaSd ohigt (Bres 6xS0L laph 6Nl
e gosls iy lp (CNN) Jlsggls
(D55 @Sy Gl 5 (S5 s o3l
Gildas gl iT5l ras glbaSl g (Dse
S 9 Laeteid CBd 4 J9o  Slejs e slaosls
St Jedots 5,05 slojlits [F oS sl Cgee
Pl B2 (2l (oS e 5l e Ysane) Yo ey
ol Glapiass g (el b gy sladiay )
bodosemlusls 358 sloalyyy e ily) aid iy
Slagys s axlge (6084 axie sla il




Gladss 4 5L 4 5l o4>gNeural Networks)
Wl 6 i
Slps (Hhbt by Cuul g (5 23y Slhasl
e 5 a8l slaools (K slas pl o eglisAl
) S il (Tl Gt sl 05154 (gl
el (559,80 (Sl
¥R i (625,10 5 (90,8 Joe S allie ] o
) Gl s (555 2 OLLLL Hsbid Sy o (o gan
Sibe o3ly sl 28l Wlgs (o0 g090 nl 0ed (o0
Py Sl Sliasi g (6K Loz Egan Sieo
Al oo (69,90 adlllas lae (pl jo ool a8 IS

2l cexyily uily i 160590 axdllan Y
S 8lwo g3

a5 Cowl 0ls ol (gl Lo,3 IS a5 Slasuin b ol (o

95 ok Slewloee b Hai 10+ cd )b b (6 8lae jolits SO

LSJ" ) 05..» )559,0 9 u,u.)‘) TW. " ubw‘ 9 wsLo.A

S35 2 (Eae Shed (e (Olgidny Mielied plu

oyleds Joaz Billae Il 50 05 o eoly (i) w0l
ol 55 sl 0 ool aline (gl yolih Cyes duglie S )
sl s ooliiasl 45 5 g g W sl (sl yslids dunylie

ol e 1) sete Sladss bl Olosl 9,0

2.moL;o

SISz g HBly I sbosls dgueS
sl ol slewas L g 35 slaosls 4y olowwst sud
Sl )3 (Sl bl ,ob sla ol o5 (3l
ol sdee il S o Sllee HSC il
Skt (2Bl Fldes bulypl o (il
owd)bw L ‘Saslim;l.oj sllae 5 wa.u)ﬁf.”
&3y 2 gl 00,18 i lzel g digh o i Liel
el 3game calises slals yo jo 28l HSC sla s
st Gl e jo (XAT) (500 i’ csl
zes sl XAL slo by 5l oolical 5 anugs 4 p 5o
Deep Joo’ (oo e sla o Shovas
S S e’ Jagnd g slazel obw| cgsLearning)
‘SJL.LQ.C GL‘”L—:’“ IS QA..’.‘
sl @b deilyl (Sad gl Gaos pléol
(CFD) (Sealizogyomd (Sojd sl oo yisos plésl
(o 5ly logas) il slaginews (FEA) <lojlu
Al (Physics-Informed ,s=ecsls  sloJow L

odly sl a8 L aslion) o)led Jou

G5 Joa | (0) Job | ilaes by | (0,5) capyur | owijls
Incat 041 41 180 40 Wl .l Incat
Austal 38 38 150 35 Wl ! Austal
Mono Cam 32 32 150 30 45 s Mono Cam
Sunreef 35 35 120 25 lwg) Sunreef
sl Y WAk go p) D)ge a4 (8 Slewlxe

e (1014 ) Lo LIS sb; o
e e 2als 70% U1y rale ayl;
1S g B ypae
iy (b b 5235 ok
) Al o Gl 4 e 5 B pae
xes o y2als 20% U
S slr s Ol g (S Saeglie b
OLLLL (55,955 (5 2 8ls (25

b olla>de

Fsldes e e
Cy 150 YO LY Gl Ll
0,5 TO-Y0
bl e YO 5 25,5 slagl bl
sloygise oS 4050 4 o,
gy

)




§9 QUi 9 jlg—s /95 0yl—oiis /PEJLw

LIS jglam IS

505 Holid Holil £o5 oud el 8 o lge 4y az gy L 1A

oLLbls  sas(High-Speed Craft - HSC)

Gl Ji 5 Joo 805 b ils 10+ oo s asetoosll
Fly oliws 5o ,5led (nl all (oo (Axlo b jos )3 @
b8 Jno s5ige 90 S s o 5 Voo)leds JS4 4y cx
30 550 bl oo Dlg LS Ve L a8 LY S Slasie
oo 6ol Copu awl sad ools lad ¥ oo Lol S
o V0 oo I LY o)8 60,50, lll 5 2bjo oS

sl

1899,9 eyl )b
s (L):35 (s Jsbo
by 05 (V)40 ey

ET P

- 300KN S JS Cnglic

: 13,300kW13,300kW ,55s 5L 5,50 o5
17,800HP17,800HP L

MTU 20V 8000 5o y5i5eX ¥ ) 5l aslica
&lp coply pieaw LKW Ve o0 S50 M6 (
g 005b 4y oltwe

FOR VESSELS 20M-
40M

Fabricated Aluminum H
Intake

Full Classification Approval

PTO Driven Hydraulic

Pump

H=1018 mm A=1323 mm

E=1590 mm D=450 mm [=0 Degree

olul Slaxiw 3 (marine jet power) MIP o5 ,5 co 5lg-V IS




MTU j550 -¥ Jsi
Voosled gz Ojge 4 Ll e Slasie ple
ShLbE jlis juily piww Slasin =\ o)led Jgux
Olasine Olee YY)
oShgs Ky as oVsd 0y O
Duplex Stainless Steel - UNS S32205 e =
S5l S e )

mm ¥o- ]Lw‘)bﬁLJ);)UT;O)PSUWL.)}U)J‘)J)OWSLQALS‘)J )

SVl KlysS ) O i b

590 Ghels S5 S Y

b pseesll (i

431-AlSIS; 0o Vg~ pg jgmme cals Y

ol 5 Gmelugls (0,5 Blax sl eadaigy (Sealnsgyoie 63955 Fig <l 699 f

(e S > g Bg slp ealS wgSae e 5 Cola gl (22 BB U i 5
)

Soled 50 9 5 slosi> (53,95 4 ymie 45 GB3 oo
R PP PSR TN B CONESIIR &3

@ 3995t (SU5ed (o st Gt (AT (6 )lgbd
Comey 315 Sl BLL 5 Lol logas) L5 sl
&35 (Elssl ol Oz 50 slao) iy L

WS (o0 S |y o AT Cepe g b Ll o
A 3593 5l (A6 SSL bys ipge Sl Ol ]

i g 2 Sl sla)l cel Wl o zgo b

s (3] 513 MRO (gools” sla il - F
Sl 3 ol g Az b ol S

595 T p3ties sl ey b 3o (slop iy
Db (o0 gy9 O (YL By

YU sloce w0 0 Sloe 1 ygumliv S & cowlins

GIB ) e GerlglS Sl bje it bulyd

R

Y




§9 QUi 9 jlg—s /95 0yl—oiis /PEJLw

$99,9" > odinal Hlld yiomns]
(Inlet 69,9 Si8,5 autis: Dud
i 0 ,Skee &l ,x5 Blockage)
(99,5 JLad 28D gelisls

AT S PV FUIWES))

(Tachometer - g y99

4,99 & 5 o3lailOptical/Inductive):
3% 3 (Pump Shaft RPM) Cey ;5o
(Engine RPM). 5530
O s S3,° KLl e
Jib flmle jgucaw

@b )l ST H9i g0 b ol -F
OE9) Hlid aS it ol sled wiS g B yae Jolisl

(Engine Load). 550 b ¢S5 p5550

3 9,lg0 Jold b ools cdlu ) Ol jupxd

e FgelS 1 318 5 alg-)
Hge B 0 sadcual pSxiuw
Tl
ploi 5l ol 00l (55l maz (!
Yb (5, paiged 75 L o S
(Vibration: 20

kHz, Acoustic: 100
kHz, Others: 1-10 Hz).

(Pre-agl (o3ls 5 (o
8,5 yléprocessing):
g d>(Filtering -
Ol g ol i85
(Down (5,15 paiges

;) Oy90 esampling)
(Time b &;leplZon
Synchronization).
Soolw Al sloJas sl,>I(z
Gl A sl
5,00

sloosls jo aS 05l oy OYlail 5 o BLL «jexe

‘“\‘SASQOMI)““?CLWBQW@IQU"G)&

told ctlu gy g onds (g 3lwosly (g K asil -)-F

2 HOT 5 e S50 Comdy (ol g S0 1],
25 Sope 4 ol Slasine &5 0b cual Sz ly wxls 2 s,
3 pae o HBLL g aseis Baa ¥ gl a5 0l
Fo i g el Gle 5 (SS9, o Jolsd pas g jeme

Aol oo (S og

B35 58 )

Ve ail sl b o ygodm g il
8.0+  Saliys sdg0e khz
Soo3 25l GBLL (55 rwal Jem
$3y sy srie GBLL (g5 ¢l
Ca>) g0 s (3 S S BLL
(o)) & 6159,

:Cag..abé 9 Sgwo ‘5&)5.“9—“

Vo mllS 8 sl b g jLid SN
A4 ($g, » oddewas  hZ A+-khz
(gl gls pllp0g) auiil Bus
S 5 (o)l bl 5l (8l olbys

NN R 5. % I

o b Kus-Y

RTD L (Type T) J195 905

stz GBLLI (5, oaieai(Pt100)
OBLL ey (oo BUL e

SR s5ige a5

s ¢SS 5y (Lol

5590 0AilS US>

3ol sles Ll asist Bas
SgaaS (HBLL Lgue) a3l i SKlasl
AT S O (s

. )Lo:é 6L§ M’ —f

e YL Colis 5 S (63,5050 Ll 4 azg b



0G/5G ¥ Jsho L(VSAT) o jlabs
Lo

slrosls (gilwe 530 5l o 2y Y

sl Jos !>« (Data Lake) 5o b
(Complex Model souzuAl

s gsls Training/Inference)

« (Monitoring Dashboards) sl

(Alert Management). jloia Co pow

§5lood i 5 (5 5laaz (s

Gl oo G3ls s o slaoosls

- J

slaosls Juslk olbls,l-Y

@ Slles byl 5 ad oad ls

(Onboard ;15" (55, 535y s

(Cloud sl pyisly 4 L gServer)
eVl g, 51 Platform)

scavenge air temperature

VO Module

exhaust gas temperature —
Turbine & Compressor map
/ AVL CRUISE™M M
Database
- Intake 2w
o 2 - maquld 2@
.. Turbpcharger @
" Ehxaust B 4 R
ifold o= |
mﬁll.l_;.fﬂ = = [ | Cylinder
Valve lift i ’ | & Piston

[Ve] opdlane jolis <SG (55 Sy jgumnion 5 (5,10 001 degozes 5 ol SLo-Y i

vy (_gLa:QL'éULA) """)“‘5 u;’l"‘> ‘_;‘}.?‘ 6‘)’. slesel

—0 89y 2 Ly g yte Sllee bl g (Gl

RN
:‘s“’wg;’” Jo! o

PRI R g 0310 g sl e

s9bd 98 5l Slles 5 (6K sloools (55l aex

- oly Sllos ols VA b alis

5 O et b 5 ) Sen 20013 (5,105 o 2
(SIS slaslang) 335 S sl ()M it
5| eolawl (Failure Events). la ol 5 g« oo

5 o _wSe « (Inspection Reports) cw ;b (sla o155
el Condy Crmad 51y (Oil Analysis) e, 5JUT
(Failure Mode). 1,5 <l (Health State)

&l ooty (05l s 4 sl (Sl Hloged ¥ JSCs
1990 5 Slles Dledbl s o las |y cialejl as
5 ol el alie slo K B bl i) s
L o jshilen wylis cons & 225 cils Job
)l 0 s 55350 sl 5 (5l S IS
e 4 VO e 5 sk 1y Lnols bn
s JS 361 5o &y (AMS) e o)l

g g 0 S 5 )5 Ll oS gl S e Jiie

=5 5 2ezoly S andlhe (oWl g -0

sbml g o Sz (55l 03l 5l am a3 Gl o
oiep adgl diges LSS 5 (g4l p 00ls Ll g
S drgi dkojl (9310 el (59, 2 (oE g
JB 5 688 RUL (conin 5 coe (ol pnes




§9 QUi 9 jlg—s /95 0yl—oiis /PEJLw

JL.i....u C;L(bcb‘& ‘_g|).a CNN (bu

(Time- el oo slaciels nglast V (5999

Awge S>ge o 5l el>Frequency Images)
SBbL S 5 b5, cla JUSSTFT LCWT)
Sy g (29>

seay (Conv2D) + Jligdgls slaa¥: o3l m
<! »MaxPooling2D slaa, YReLU+ ;L. Jls
(Spatial Features) JlKeo sla S5y Sog3 gl Sel
P il (slagII Sie) e b Lok e 02y
)-0selingls b BB Sl s by

5! (Feature Vector) oSTpe Sy ko ot o295
L (Fully Connected Layers) Lats SholS claas¥
Global Average Pooling. 4Y

PHI):5 oy slaosls sl LSTM (4;>Lw

PHI (Lol PHI ol _iloj sloalliot ¥ (53953
lod (79,5 639)9 a3 ey 595 (BLL

(S eyl 505 Sllee sl il b o jgliaS oL
)-8 50 i 5 (se oo £l

5ol SIGRU LLSTM claay¥: o3l

5 (Long-term Dependencies) owails sla Sl
5 w255 Xy, ,o (Temporal Patterns) Sloj sla gl
(Feature Vector). ST (S5 Jlop ot 29,5
Lol (s> Sy slajloy Jlail: pleol 4
LSTM.asL: CNN

=9 sbay

Jaie SLlS slaa¥: (cae auseid) | ainbig
sowaib gl .Softmax 4,¥(Dense Layers) +

e ¢lgl(Multi-class Classification) a.ssus
OBLL isle (o) LG iale Lo e
Slppas ol Geemlsls dawgte (gmaliugls (A1
) Aol el i

(Dense Jaie Sl slaas¥ :( Suion)Y adubig
sl (Linear) s ;5 aYLayers) +

5 skl slp (4552 b el aRUL (i
Mean Absolute Error las o . ool> BGL

s!»Mean Squared Error (MSE)"" L(MAE)

(39 oo 00latul (33901

(Digital Jtamss sboyiled Jloel b 31 33 shons

&g, > Filters - Bandpass, Notch)

owds « (Normalization) s Ll 5 { Detrending)
!y (Windowing). Sl sla isu 4 sols

(Time  loj aiels drnlne (g0 5 (35 )) sl JiSems
G ,S < 395,65 Domain Features - RMS
(Frequency Domain _.ls 5 awels «...) « 9353

—olej axals g (SCige,la « FFT slacibFeatures -
(Time-Frequency Domain Features - .ils 3
4,58 ko « (Wavelet Transform) S>go oS

AL glaJss s35,5 plgieas (STFTY)) ebss-o s

T A (S b g3l

o ang  Sloyia (5395 9 gl g5 Juw
ool s 1 5 dolre wlal (o yeidens o

aS Lol | (Mass Loss Rate Equation) ,,>

199 45399 ,Las <l 5 bl gmmbigls S

Pl 9 00m oy 0 olay 39,9 (b e

Sl S osle

Llitl Sgo Sa glaosls 1 ygmaliygls s
D9 50

—o 59 jee Jaw jl eolaiw 1 BUL  Siws Jow
saisz Mol (Lundberg-Palmgren Model) ., 5t
(Dynamic Joleo Seslis )b a1y BLL e a5
log, eS| wUBEquivalent Load -
(Lubricant ¢5, Sazez (RPM) ;5 )55, s 970
L5 e(Contamination Level) sy g Viscosity)
loosls 3l g, Ll 5 Sealisd J iS5 o
(Vibration, Oil Pressure/Temp, Particle ¢ Ko
L3¢ a 03 ressCount)

5 el el S condls ol K olglt Bua
oo ol sk 59 1 o8 Sy o oL
Slp easS Colaa b (59959 oloxe & PHI () aiS'
9 oo ookl Hgmmecsls sla Joe

9 ot AP Sl (oS F (Egman (igd oo
RUL (Hybrid AT Model): ot sioss

: CNN-LSTM Fusion golyssdiay (s sloxo
(Multi-modal _gzgas> slassg,9 L Network
Inputs).




RUL (slo sy 5 00 09hT (sloy50 55ba
39550 39,4 (Sanlalys,
(Maintenance &l yuosi (§ ya paoudd

ol yot cows Lais g RUL o zDecision):
slcssgame o(Domain Knowledge) s s b

(o i anl o ¢ Sou Sladad calSuol @5 oo yaod( Slibes
CMMS (Computerized Maintenance aww 4
(Fleet 54l o pow o g Management System)
b 0 o0 o,lsManagement)

(Optimal Intervention Time) als-lae aig oo
(Planned ooiss 32,40l p &l poss (sl

.04 rxiMaintenance)

sl » (Repair Prioritization) &l pess (goioca ols|
59 alowl o RUL 5 e s

(Spare Parts Requirements) Sy &lakad 4 ;L5
(Targeted Repair siedon yeons glo ondl)giwo

9 a8l ce ais wlel pProcedures)

P ghigel

@ oads (6,108 iz slrooly it oold

03031 3) YO/ (i lzel IV + /o (50T (sloas gazma
)AOA(

x5k g5 L AdAM jluarg jleslitul: (g3lwainte
(Adaptive Learning Rate’). i Ls

L2 gDropout Jleel (Regularization): (g jtwpliie
o5l potes 65 sl sl sRegularization
(Overfitting).

acgazme glhs o)l oD 095 ABgi

e e

16 5l 9 Fldas (55Lwesly
(Lightweight oo s}l Jowo (Bdge): ad
Slase 5,00 ¢ uel askis gl Model)
548 0 1> EPU (s, (Early Warning) 4|
(Full Hybrid S 5 JulS" Jow (Cloud):

ai glmosls 08 o Lyl ol pyicly (g9, Model)

Loading CSV files for each data group of data collection categorization unit
(LO, EXH. Gas, SCAV. Air, HFO Con,, etc)

Merge each unit group data and set each column name

Merge group data by the each voyage and set the name of each voyage

Merge of collected all voyage data

Delete dataless (null) rows/columns and duplicate data

Remowval of error data such as engine non-operation data and missing AMS data
G/E EMGIME RPM PICK-UP = 896
G/E HFO COMSUMPTION = O
G/E CYL EXH GAS OUT TEMP > 100
{(Remove engine non-running data and collect normal operation data)
G/E CHARGE AIR IMLET PRESS = 0.1
(When the engine is running, the minimum CHARGE AIR INLET PRESS exceeds 0.1)

Classification of engine leading and unleading(idle running) data
G/E GEM. POWER <= 0, UNLOADING
G/E GEM. POWER = 0, LOADING

Extraction of preprocessing data

o ool o3ls o ,sSI-F S




§9 QUi 9 jlg—s /95 0yl—oiis /PEJLw

P g S -V
5 SIS 0 (ke Jood ol b egian Shge
3l 905 slo oty il slapivew (MRO) ol poss
GRS o &y (G jyzmagle 5 (23S Ty (sboo S5,
wieise (RXM) nezs 5 (PAM) il oy
650 adllas el 00,5 &S > S055 5 jemmecols
R R S R L
593,)) KoM (g Rz slrosls plésl 45T aes
Slopi,SL (go,5ee sla el )l jlid dos g0
) =S S(CNN-LSTM  5oe 50l ab iy
Gled GBLL (S (o ps (Sod slade g
< (Hybrid Al) oS 5 Cox )l o 0 (Goumlinsls
a5le) oz waee plRg) 5 B8 anal (Gl
sl o g (LBl iole woad famlgls
odilosdl oo lasnS ot g reip 9 slidn
G 0,9, ol oS oo w1, Sl sl (RUL)
1) 5505 sbayslid Dlikes (cals lpebl Colil LS
el e Rl ety sba
e i Slpess Al g5y loy ileange Bosb
YO/ el wlainend slagls o als o
G5 ooy Silw Sl g (Dl pen priites sloas 3o
o) 50 oilo b slatlly o9y b 09 o0 atjo
liel 5 o Joe g pd ek (5 laosls
Sl o Glyedr (Egian (hgr w03 ytnS Sl
e 50 o0lS i pdlolzl 5 o8l es
St Slles gyl 5 (Sadroayg,ie (2l
anlgs ol g,005 glo,yglis col Jud Sl il iy
@l GRS i o | gz sl 5 o8

&=y ¥

1-Durkin, J. (1994). Expert Systems: Design
and Development. Prentice Hall.

2- Sutton, R., & Jess, L. (1991). A fuzzy logic
controller for ship roll stabilization. I[FAC
Proceedings Volumes, 24(2), 177-182. /
Fossen, T. 1. (1994). Guidance and Control of
Ocean Vehicles. Wiley.

3- Moreira, L., & Soares, C. G. (2003). Neural
network approach for predicting ship
speed. Ocean Engineering, 30(14), 1759-1767.

Hloe Jlo) (St 9 peiid 3l laigei-F
2Ly oS ¥V e pn b ollee > o jgliist g9yl
Fo )0 zge gl g Sygden ¥ 0lys llyd yo

5 Ogo JiSem 0 50 SLSU Sl G ad g
oaeis |y sl GBLL (55 JuSw po Sl

I S KW ST

nobas Jolds 003l (59, (o5 5 oot pl 50 Sl
sla el )y o PHI dlss wogo g 25 ) CWT
Sedse Lyl Silles

Ve 0ga> ol Gealsls : cue pardid (295

L ssl> (2l sle QBUL ,o (ale 9,5 5 o)
doys YA Jlazs|

RUL: i o297

Cond 495 B rals el 0 =0 RUL = Lol
Db Hgalingls Jloay celo Ve (L (o @
coelu Ve £Vt RUL = gl 6L

Jbosl )% o & (3 51550 (Flkes pladl
el 9 Lol RUL (oo 0 a2 b 055 o0
Dy g0 4185 paoual o] (sl yh

Aoz 0,5 sgazmel Fldos Lo jw Clgo S
B Ogemlisls oyl (oS sl 05 7O @) Sae oo
s e

S kel (bl g AlSul 5,50 o (539 54l
@ oo 5l S el cela ¥eov o paigns ol
b 35 2ok oBLL (les les o Sl RUL
Ogdir (g poi) D)yge 49 s

5 5,0 pdiges uilS,8 yioldl 1 ouubCy oy Wyl

ulBL:L: 9 )lm)‘ ‘_g‘).: ).:‘ o oals JA.L?U

s Sl GrTelrt (S 00y ol A
5 gl by gilwaigy «ldes o> 30 sl JLaxxls
Sl Gl s s lhsl Glpesd laanie als
21y ol 0,50, jad (gue Jle ol Oldes
azen g Sl gl slaptes MRO oo pas

s e i g0 slaslis




4- Grasso, R., et al. (2007). A neural network
approach for condition monitoring of marine
diesel engines. Proceedings of the Institution of
Mechanical Engineers, Part M: Journal of
Engineering for the Maritime Environment,
221(1), 1-12.

5- Widodo, A., & Yang, B. S. (2011). Machine
health prognostics using survival probability
and support vector machine. Expert Systems
with Applications, 38(7), 8432-8438.

6-Zhang, Y., et al. (2020). A novel deep
learning method for intelligent fault diagnosis
of rotating machinery based on improved CNN
and considering signal
corruption. Measurement, 163, 107908.

7-Faltinsen, 2005.

8-J., et al. (2018). Multi-sensor information
fusion for fault diagnosis of marine waterjet
propulsion system using D-S evidence
theory. Ocean Engineering, 166, 358-369.

9-Mao, W., et al. (2021). Reinforcement learning

for optimal maintenance strategy of high-speed
craft propulsion system. Ocean Engineering,
237, 109605.
10-Seunghun Lim, Jumbo and Junkie Park (2025).
Maintenance Time Prediction for Predictive
Maintenance of Ship Engines. Applied science




