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Abstract

With the continuous advancement of ship intelligentization and digitalization, automated systems have become increasingly vital
in marine power systems, navigation, control, and monitoring operations. Their operational reliability directly impacts navigation
safety and economic efficiency. In recent years, the growing complexity of ship automation systems has rendered traditional
experience-based maintenance methods inadequate for meeting modern operational demands. This paper systematically analyzes the
structural characteristics of ship automation systems using Prognostics and Health Management (PHM) theory, and proposes a data-
driven framework integrating predictive modeling with mechanistic analysis. The proposed PHM framework and implementation
strategies aim to provide theoretical support and engineering guidance for intelligent operation and maintenance management in ship
automation systems.

Keywords
ship automation system; fault prediction; health management; data fusion; intelligent operation and maintenance

BN B 3L R GRS 5 e B 5%

XIHTHE
LB e EAEIRAE], HE - {17 FM 225300
i E

K& A AOZE fetb 5 3 P AL BE AR o) R, AL A RERMI A, FAL, BEZRBNNFRY PR B E R, LisfFT
M AEXARRATLE AL 2R, 5 R, BB ARI R, A5 TR0 %3 5 X OB L 5L
EYFH R, RIKTHETRM 54 B E . (Prognostics and Health Management, PHM ) ¥2i&, Z %4047 T 4640 A 3L 2 %
M RAFAE, MET RABER ) 5 IR TR AR AER , EH MNP RITR B GPHMAER 5 LI R, AAA AL ELE
BRI G R R AR SRS TS

ES 5|
AsA0 B FHL R s, TN, MEREIE, MBS, sy

135 GBS, ASONFEETI , IR A TA
ST 2L 75 (Ship Automation System, SAS) g, EVATCREEH) PHMBERIER  xtHom MRk s 5 X bR A

A RSy s LR, et Rseigy o RARTL.

T R SRS BT RS 0 AR E L B MR A 2 S B4 IE
BSELPP RO BRI B B 5 e e

BRI, HAGIERE S AR TR, SHAH, fictinssani it
RRTIERAC, (E5Th, SRR o g s 2o smton 2o & b (CRTZ L
U, G RERIRIERIBIATER  pouen imasmmanss sommtn, SR, i
TR, SRPRRERIATUNECEIRSINL T g j s as V0, MRGRIGE, i
FUF RS TR (PHM ) 00— FRREEIE. e o on o crom s on e e e G BAERHE
SR ORISR, FTIERESHIE 0 i i
RIS, EMVAEEEIE oo e e 1 e

TS RTINS A Rk S M 22 DR

(&R XHiHe (1986-) , 5, PECLOFIMNA, & P B AL LS LR KT AT A 2
B, TI2UE, MEBABREER SRS, Gerh I D RS R IR B I 57 A Ry, S8

27



TRETSET - 5075 - £ 11820254 11 A

PRI AGEAR AR, M [ReReeRicR NEAHEI
TR . PATHUAIHL AR . 7T IR B A i sl bz
R, SERFEYUBERE . AR RS E G
Ro HSTTHFRIRIEDT . 5B RN R A 250
[RIERAE RS AR . RPN - Z2 RN LR . BURE
i GE RS Blan, EPURIEINAS S, HRE. K
Mot 5 S SRR B AR AP A A, T RE B
A RE TR W R, 5 IR AT B TS G
N, EREESHEEIRG T, SRR S S RS
ke, S ESARMINGIE, K rTae S D% ohd ZELahE
REENAD, TRENG R AR,
22 MEEUVIEBES RE "M

IR E A R SR LB 2 Dg R . R, ¥
BERBPUNEE, B Bl SRS HRHE .
TR B, ERMEREDUR BV INE D, anfe @S iRz |
RS BRSNS FTh, AR DA IR, (HERE NG
TEREES . BN NMIHAR, ZEAE R RO, &
HUREBIERE . U RS RT e ARSI IR, RN
PRI R AR B RERE - F-o

Lt AT BB, HSE NG RS e RS R
B RGN EEHSMAGREESEAT, — T RS E
FEST | RABERGN R ITHEE), R AR EIEE N, &
2%, FERBER R IR IS B s DA, SRS
AL R e EmN . U L, MHESM AR
GEHPE A SRS A RERAL, BRI RE SRS HIZAE XL
2Rk, STsihagms, L& R ESHITIL
AN S5 2= BRI E R SHEdE D%, FEURHEEE
W SHERGERR P W TRDRGNS, ek e
HAR AR 25 | RIS AR RE T R 5L, BREXREE
it Zees; WTHUHEH RS, 55EA. BRER
MIER AT A] ek H ANt . SIS E s Bl 2
rispl, YEhni EEREORS. AHE IR R U, TR
FEPEHAET 2% TREWEPE SRR (Fault Propagation
Model, FPM) , i@digiE “(F5—0a—=H" =EMa
W%, TR A E R RIS, e FALHEI R
i, EHREERRGES I, RIS AIRE:, ashiles
VA IR IR R, AHIKIR gl . AR B F,
REICRHGRILAEA, LS IEEEL) PHM A5 0 R HR1Z
Wr S AT T RS S

3 AR B Bk R BTN A 2
31 BRI SHERM AR EED

I ARG 2 IR A SRR RN T 0,
BUE TR, SR BEROAR e
TR 2 T, RESIR AR RO YR R S it
fsiBig, (E/EA TIURIRARERERGT | CERExE 0]

28

SERSEN Mo AR, AERIRADIEA BAR BRI
AIEAUERET], AR WL AR AT AR o 1A TR ],
AR T AT —EdER & (Hybrid PHM ) HYEERES
%, DMETHE— I RIgRe, AlEie B AA SRR ARETT
MARESE

HUIBHRBILGR

ﬁfﬁ%ﬂ}z'—aHImEH e Hﬂ;ﬁ%ﬁfmy‘mmuq

HHPRESHIT

1 B RS PHM 2R EE

TR S — 2 B ZIR G REIETR A R, Rk
B =Mz Do | S ST S RS IR |
el . SRR TR S AN, WEn, AT
PETITRE . RERSFIESIEEIPHELIM, SRHE# TR
1E, WaREdES A 5B — 2 AR OS5 IA T
LSTM- DIH-HrEh & 45Ky, LSTM E (s 12 B Al 51 Y
RAGEEIAHRHE, DU WSS A e SR Fl,
M FIRSEEhAE S el Ek . Za AR RRE N S e T
OURIE SRR, NREB Y —EUELTH, FEA- TN A
Rt 52 A0BE T

an B T EE R BRI PR AR i —
N — R SR P T— R R 5 OPENEEE, R PHM
AGERE SRR LR SE R L R
3.2 ¥HER IS R RIEIR AR

fEE e ( Health Indicator, HI) 2sciiEn2 L&l
S5HEa IO R . S ENLARZE, PR IRSEI4 5y
RGBS BRI, 2h AT ekt - B BRI Sk
GAMICRHUERTEE: TR RSH, WP |
IR N e S PR B AR RO S FRAE R SRR . A SEERR
TERFHEZROR, RS G IS SeEE 1
FHIE, @56/ NEaReEiRpIHREER s A, HRIAERS
S3HT (PCA) BB SRIEIEAET LR UAREE . TEREERR
P B, it iR 9B HT SR AR A 5
Z, TERCRIR B R R L . 456 2 TR R
AISZEL HI S &, ARSI Al (RUL) #24t
R AFER . B2, BIRSCHL T M (55 RE—FHIERRE—TE
FRIE—EATIN” AR, AREINE s A5t it
IS AR R E R 2

4 EIRSITE SRIRFHTUR A
4.1 RS TERE

AN 3 RGO BRSPS R S I —
IR — S G —HEA RS, DISSEIRE S
AR LR 2 S A R TR . FUATS,
JHAE SRS T R SE R . AP SREAEER,

RIRSEREH



TRETSET - 5075 - £ 11820254 11 A

A SIRANEEL . BRI | JRIREEL . HRORRARE
(s TSR RS NI, BN ——E1T %
WA 5 E B IEAE AR UARRAL ;. fEHERE E, SIA
PUFRSEES (an#h - RS20 IEHIBERE 5L ez
) MEARHIEA AR S R TR R, SR W
KEXNFFEIATIREAR . H—, F T AR A RRR A
AN, DABREL/RA] K / AL Ra] FARAIFRER. (R — iR
W —EERM R R S fariE; 2, AT
B SIRABIERL, DISCRsIAENL, BN R0 s
RN 24 SR R IE SRR IR, I 5 o] g
SiRE M2 o SR / IR TR, ok T
S ERAHERE SRR MEAR IR, SRR | A S
i i S/ NRE AR S (40 MMID 29 SR B SRR XS
), HUEFRFREH AR SHNES; &%, @
HEfebR (HI) DUE—ERY [0,1] X Al H 88 a5 2 5
OB, ST BRI FER S AW
[
4.2 PyFHFaFum (RUL) FHiE

RUL FUID SRS 5 S ERTEF R AR A, 1
RifE RS T SR 205N 48 H Bk 2 28 (L RO e
BT SIS BT B E R, M 48
B —FERNF—HHERIE" MR, £—, FIA
Gamma/Weibull 558 BB AR oA,
PAHALE A arole s 85, DLLSTM/TCN XfEFFa
LAY T E, a5 ST NS
HInEL AL, HEVIZ BN A S R dropout B¢ DU
JESCBUX RN AHRCR n] R S M RT EEbE , TERIZHR
KRR B — ST (AnREER R RS . HHR /
PAEHRAH | FHIREMUETT) | IS T (i,
R, Wil TR, Wt oG RUL 55
SEXIAl. RN R, RORSHAZNHEH HI SEAGE,
R TUEN / R/RE LI RUL R, JEh

B E RSB 4E R . 2 RUL IR R4S DR
e EOEB PRI i & 705 %5 RUL fEE XN, Wt
WS FAILAAC AT I S8R . 1207 EE(E TR SRR
A5 S CMMS/ERP X4, FERK “ Fill—HERE— 4 95— JaiiE”
MIEREAEmAR, FBFaAAER ., (ETUNGS 276 A1
BRAR

5 #5i&

WA E AL AR BE L S B AU RSB S v sh4E
PR DM LLE I AE WL e 5L T TR, ZET PHM
PR AR S IEEEEFEROR, i B SR SR
OREE:, SEL T RGOSR SN G I S A ap Tl . AT
GG, MRS EARTE R R SIS A
ST T T 2GR, W T SERNERIR R, FRGGRE
BH, 17 PHM FARAMYNBER AU IA S = S 4 a4,
IREARRENTE S5 70 AN B B THR e = i, AR
FeAlt— PG NTERE . B 5igatEEoR, St
FEs A A i R ) B RE R B S ED R AL o
S
(11 E R A S E bR sl AR S E R 18 A0 %

57174,2025,33(07):118-120.D0I:10.19727/j.cnki.cbwzysc.

2025.07.036.

[2] #EAL. ARAOE S ARG EEREROR I S R S
74#,2025,33(07):124-126.D01:10.19727/j.cnki.cbwzysc.
2025.07.038.

[3] . BIOE M R a2 et ir ] A ERLSS E 11,2025,
(23):51-53.

[4] BERRUK, S, PMVE. BB SE 3 R G2 W B R pF
R AIEs 5T117,2025,33(04):87-89.DO1:10.19727/j.cnki.
cbwzysc.2025.04.028.

[5] Bl AN S E S CESHER S & A I Asnrds S
1%,2022,30(01):10-12.DOI:10.19727/j.cnki.cbwzysc.2022.01.004.

29



