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Fig. 1 Schematic diagram of ship regional power distribution
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(K-nearest neighbors, KNN) . 37 5[] 2= #L ( support
vector machine, SVM) | & [ & #& 5 ik ( back-
propagation, BP) . i #Il. Z #& (random forest, RF) .
2% ] |a] & & fk (learning vector quantization, LVQ) .
P K B (decision tree, DT) . £ i} %% >J ( ensemble
learning, EL) . % B %% >J Al ( extreme learning ma-
chine, ELM) 14 LU 25 X 4% ( convolutional neural
network, CNN) o 38 5 i/ o DL HER 26 | K i %6
A 81 R F1 F1 45343 (F1_Score) 1E A 34k 38 b5 B9 A
[F) B % b
5 WOA-RF 5EME R 4 MigtRxItL

Table 5 Comparison of four indicators between WOA-RF and

other algorithms

PEAL R

ik
R % RS EEJCIES F1434)
KNN 86.11% 85.52% 84.57% 84.45%
SVM 72.57% 73.38% 84.31% 76.28%
BP 63.89% 66.19% 66.23% 63.94%
RF 90.36% 90.17% 90.25% 90.02%
LVQ 74.65% 73.38% 73.20% 71.92%
EL 93.40% 92.82% 92.80% 92.81%
ELM 86.84% 86.31% 87.26% 86.78%
CNN 91.67% 92.07% 91.88% 91.98%
DT 94.44% 94.20% 94.18% 94.19%
WOA-RF 98.26% 98.61% 98.78% 98.69%
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Fig. 10 Confusion matrix of original data validation set
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Fig. 11 Confusion matrix of validation data set under added noise
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Table 6 Comparison of four indicators between WOA-RF and

other algorithms(after adding noise)

PEAR bR

Hik
HET A LIRS EEIEES F1{35)
KNN 78.47% 78.37% 77.99% 76.88%
BP 76.74% 77.30% 76.94% 76.18%
RF 88.89% 90.83% 88.88% 88.87%
ELM 89.61% 86.64% 86.82% 86.73%
EL 92.01% 91.56% 91.57% 91.56%
DT 92.71% 92.51% 92.48% 92.36%
WOA-RF 95.14% 95.36% 95.30% 95.28%
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IXF R s B s (32 5), BT B e B /N, WOA-
RF & vE 14 M 28y 95.14%, 5 KNN(78.47%) #H
o, 427585 T 16.67%; 5 BP(76.74%) AH 1L, #2751
18.40%; 5 RF( 88.89%) #fl kb, & & T 6.25%; 5
ELM(89.61%) A It, $2 5 T 5.53%; 5 EL(92.01%)
A, 35 T 3.13%; 5 HER R i M A9 DT(92.71%)
AHE, P78 T 2.43%, Bl WOA-RF %492 (19 °F- 14 i 1
YR T 8.735%, TEHG B )y, WOA-RF 5.1k
2R E T 285%(MHB T DT), £ & T
18.06%(H# T BP), V-4 & 1 9.16%; 1EH
R, WOA-RF Bk /D8 T 2.82% (M T
DT), I Z 45 T 18.36% (M % F BP), 425
T 9.58%; #£ F1 134> J7 1, WOA-RF i D2 5 T
292% (M T DT), I ZH#m T 19.1% (MK T

BP), FIHE & T 9.85%.
4 4 it

R 58 R 12 W RO T SE S MR A L K
0, T B AL R AR 00 BRSO LR X R
G 1 0BT A8 A A N R, L e v A 7
AR, MHEZT, 5T 5005 9K 3 1 T pR 2 Wk
PLES % 2 SR, BB AL G 24 R e LA R
MR, BABINZALRE ), BAEFEREA
AR, YN G il (] K 45 ) 8, DA S B o
Ko W, ARSCHR T R A L RE S
Bl AL AR AR G5 5 B A 0 S & TBC L R G0 R A2 W
325, I3 i Matlab/Simulink 45 HF 4 82 57 T A
HL 77 R G AR A, 1 T 4 B R R AE, 5 R f5 £
oAb SB35 0T B AL BR MO S 80 AT Ak, O L 4G
W . WOA-RF J7 ¥ ] DL A3 R0 51 3 4 19 i fie
TTAUFIIEH Lo, SO0 3 538 100%; 78 )5 iR
Bl BT XS 12 Bk R 2R B 092 W oE W R N
98.26%, TE Mk 7 A £ T 1 fE 5 K K 95.14%; 5
HABBA A L, WOA-RF 76 R | KSR . A [
M FL A5 73 546 b 5 T 48 3 82 FHROCR .
33X 3R W SRR AN AN L 28 5 e 1) I 12 T A 1
TEME S IR TR A T RIAFI S, Tl H 4
R4 R T .

T B2, BLIR WOA-RF B 16 f 56 &
B L R G K R 12 W b R B S, (R T AT AR A
—E ML )

DITHEE 2 B 5 T WOA s f&# rp
W I 22 YK 4 JRy 1 & RN AE I B DA, JE AR Ab BE R
PR RCHE 45 I, WOA-RF B33 (354 52 24 FE 5 v
S SO it ) 54, X LA 2 S PR R

2) W BV 1) J. B AR WOA 72 R Z B il T
FIT RAF DL AR, B4 AT Re A7 A W sl i
A o A SRS dee A A 1 R) R, T D) L AE B 4 BE
B TFMZWRCR AR .

FEAR R B FE TAE T, 0] LL3E 5 B A WOA-
RF M5 44 R AL SRR ROR,, BRI ik dE
Bt WOA I8 RALHI B0 5| AJFATIHH R HOR,
T o bR RIS 50 4 46 1) A BB B, L A b il
SERHPET SR . IR, AT RLGE A oAb DAk B i )R
HOLILRE S5 WOA 1 & R R HRIE IR &
PSR W, LIn Rl S5 B, AT $2 TSk A 2
Feil R Wb e S 2 R EREE T . 1L,
WOA-RF B9340 7] LAt — 20 3 5 A S bR T AR
) 52 I 5 38 P, 9 an g R #) A o R 4
Sk AR AL I B R 2 T



4 X

ZEYE Y 5 BT WOA-RF B3 (ARS8 & Bl B 3R 40k 12 11

S % Sk

(1]

(2]

[3]

(4]

[3]

(6]

(7

(8]

]

[10]

KJONG S, RODSKAR E, MOLINAS M, et al. The
marine vessel's electrical power system: from its birth to
present day[J]. Proceedings of the IEEE, 2015, 103(12):
2410-2424.

Y, RS, EAER, L MARSE G B RE R LR
i [J]. P EAIFET, 2020, 15(6): 1-11.

LI W B, HAO C H, GAO J J, et al. Overview of the
development of shipboard integrated power system[J].
Chinese Journal of Ship Research, 2020, 15(6): 1-11 (in
Chinese).

BARROS J, DIEGO R 1. A review of measurement and
analysis of electric power quality on shipboard power
system networks[J]. Renewable and Sustainable Energy
Reviews, 2016, 62: 665-672.

INGEE, o, . IARZE & IR IRR R 255k (1], P E
MARBIFSE, 2020, 15(1): 89-94.

SUN G S, YUAN Z, GUAN J. A review of integrated
logistics support systems for ships[J]. Chinese Journal of
Ship Research, 2020, 15(1): 89-94 (in Chinese).

ZHANG Z, HE X. Fault-structure-based active fault dia-
gnosis: a geometric observer approach[J]. Energies,
2020, 13(17): 4475.

WANG Z, XIA L, WANG Y J, et al. Fault diagnosis
system based on multiagent technique for ship power
system[J]. Mathematical Problems in Engineering, 2014,
2014(1): 370246.

GAO Z W, CECATI C, DING S X. A survey of fault
diagnosis and fault-tolerant techniques—Part I: fault dia-
gnosis with model-based and signal-based approaches[J].
IEEE Transactions on Industrial Electronics, 2015, 62(6):
3757-3767.

ZHONG G Q, WANG H Y, ZHANG K Y, et al. Fault
diagnosis of marine diesel engine based on deep belief
network[C]//Proceedings of 2019 Chinese Automation
Congress. Hangzhou, China: IEEE, 2019: 3415-3419.
doi: 10.1109/CAC48633.2019.8997060.

YU C C, QI L, SUN J, et al. Fault diagnosis techno-
logy for ship electrical power system[J]. Energies, 2022,
15(4): 1287.

LIU W X, LIU L, CHUNG 1 Y, et al. Modeling and
detecting the stator winding fault of permanent magnet

synchronous motors[J]. Simulation Modelling Practice

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

and Theory, 2012, 27: 1-16.

LIM S, YU D, CHEN Z M, et al. A data-driven resid-
ual-based method for fault diagnosis and isolation in
wind turbines[J]. IEEE Transactions on Sustainable En-
ergy, 2019, 10(2): 895-904.

ZHANG L Y, ZHANG Z Q, PENG H M. Diagnostic
method for short circuit faults at the generator end of
ship power systems based on MWDN and deep-gated
RNN-FCN[J]. Journal of Marine Science and Engineer-
ing, 2023, 11(9): 1806.

XIE J L, SHI W F, XUE T, et al. High-resistance con-
nection fault diagnosis in ship electric propulsion system
using res-CBDNN[J].
Engineering, 2024, 12(4): 583.

LIU S, SUN Y, ZHANG L Y, et al. Fault diagnosis of

Journal of Marine Science and

shipboard medium-voltage DC power system based on
machine learning[J]. International Journal of Electrical
Power & Energy Systems, 2021, 124: 106399.

AMY J V. Considerations in the design of naval elec-
tric power systems[C]//Proceedings of the IEEE Power
Engineering Society Summer Meeting. Chicago: IEEE,
2002: 331-335. doi: 10.1109/PESS.2002.1043244.
SRR, AR, R AL, 45, JEFRENLARARA B0 3008
ol K R 2 B [J1. IO UF 9€, 2020, 15(3):
129-135.

ZHOU H J, WANG C W, ZHOU G J, et al. Fault dia-
gnosis of antifriction bearing of centrifugal pump based
on random forest[J]. Chinese Journal of Ship Research,
2020, 15(3): 129-135 (in Chinese).

MIRJALILI S, LEWIS A. The whale optimization algo-
rithm[J]. Advances in Engineering Software, 2016, 95:
51-67.

FE#, Frd, R &T d-q &8 X WOA-LSTM [
2l HUAILAE T I ) A S B2 i 5 8 (00 B L S 4
241k, 2024, 28(6): 56-65.

WANG X L, QIN J Y, GENG M. Asynchronous motor
stator turn-to-turn short circuit fault diagnosis based on
d-q transform and WOA-LSTM[J]. Electric Machines
and Control, 2024, 28(6): 56—65 (in Chinese).

TG . AR B 7 R GERRE 43 BT K2 W BORBIE S [D].
W JRIE: WAJRIE TRER2E, 2022.

ZHANG F. Research on fault analysis and diagnosis
technology of ship power system[D]. Harbin: Harbin
Engineering University, 2022 (in Chinese).


https://doi.org/10.1109/JPROC.2015.2496722
https://doi.org/10.19693/j.issn.1673-3185.01682
https://doi.org/10.19693/j.issn.1673-3185.01682
https://doi.org/10.1016/j.rser.2016.05.043
https://doi.org/10.1016/j.rser.2016.05.043
https://doi.org/10.19693/j.issn.1673-3185.01585
https://doi.org/10.19693/j.issn.1673-3185.01585
https://doi.org/10.19693/j.issn.1673-3185.01585
https://doi.org/10.19693/j.issn.1673-3185.01585
https://doi.org/10.3390/en13174475
https://doi.org/10.1155/2014/370246
https://doi.org/10.1109/TIE.2015.2417501
https://doi.org/10.1109/CAC48633.2019.8997060
https://doi.org/10.3390/en15041287
https://doi.org/10.1016/j.simpat.2012.04.007
https://doi.org/10.1016/j.simpat.2012.04.007
https://doi.org/10.1109/TSTE.2018.2853990
https://doi.org/10.1109/TSTE.2018.2853990
https://doi.org/10.1109/TSTE.2018.2853990
https://doi.org/10.3390/jmse11091806
https://doi.org/10.3390/jmse11091806
https://doi.org/10.3390/jmse11091806
https://doi.org/10.3390/jmse12040583
https://doi.org/10.3390/jmse12040583
https://doi.org/10.1016/j.ijepes.2020.106399
https://doi.org/10.1016/j.ijepes.2020.106399
https://doi.org/10.1109/PESS.2002.1043244
https://doi.org/10.19693/j.issn.1673-3185.01646
https://doi.org/10.19693/j.issn.1673-3185.01646
https://doi.org/10.1016/j.advengsoft.2016.01.008
https://doi.org/10.15938/j.emc.2024.06.006
https://doi.org/10.15938/j.emc.2024.06.006
https://doi.org/10.15938/j.emc.2024.06.006
https://doi.org/10.15938/j.emc.2024.06.006

12

BOEOMm O B %R 2025 4E

Fault diagnosis of ship diesel power distribution system based
on WOA-REF algorithm

LI Weibo™, GAO Feng', XIAO Peng', HUANG Kangzheng', RUAN Daojie', GAO Junzhuo'

1 School of Automation, Wuhan University of Technology, Wuhan 430070, China
2 College of Electrical Engineering, Northwest Minzu University, Lanzhou 730124, China

Abstract: [ Objectives | The marine diesel generator (DG) power distribution system is crucial for ship navig-
ation. However, due to the harsh marine environment, frequent failures occur. Therefore, a fault diagnosis
method based on whale optimization algorithm-optimized random forest (WOA-RF) is proposed for the mar-
ine DG power distribution system. [ Methods ] The marine DG power distribution system model is built using
Matlab/Simulink simulation software. First, fault and normal condition data are collected. Then, the collected
data is normalized, time-domain features are extracted, and important features are selected using random forest
to reduce data dimensionality. Finally, the WOA-optimized random forest model is used for fault identifica-
tion, diagnosis and classification. [ Results ] Simulation results show that the WOA-RF method can identify
fault and normal states with 100% accuracy. It can classify 12 different fault types with an accuracy of
98.26%. In the original dataset, the accuracy of WOA-RF improved by at least 4.86% and by up to 34.37%
compared to nine different algorithms. In the dataset with 10 dB noise, the accuracy of WOA-RF improved by
at least 2.43% and by up to 18.40% compared to six different algorithms. [ Conclusions ] The WOA-RF-
based fault diagnosis method demonstrates superior accuracy and robustness in complex marine environments,
providing a reliable solution for fault identification in marine power systems.

Key words: marine diesel power distribution system; Simulink model; fault diagnosis; whale optimization
algorithm (WOA); random forest (RF); feature extraction
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