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Research on fault diagnosis of marine
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Abstract: To address the problems of insufficient fault data of
marine engines under variable operating conditions, and the
negative transfer caused by irrelevant fault categories in par-

tial-set transfer diagnosis ( where the number of fault catego-
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ries in the target operating condition is less than that in the
source operating condition) , which leads to the performance
degradation of existing deep learning methods, this paper pro-
posed a multi-scale multi-view domain adversarial network
(MMDAN ). The network captured robust fault features
through a multi-scale feature extractor, improved the reliabili-
ty of decision-making with the help of a multi-view classifier,
and used an auxiliary domain discriminator to quantify and
screen transferable source domain samples to suppress nega-
tive transfer. Experiments show that the proposed method a-
chieves an average diagnostic accuracy of 96.58% in multiple
variable operating condition partial-set tasks on the fault data-
set of a certain type of marine engine, which is significantly
superior to mainstream transfer learning models, verifying its
effectiveness and superiority under complex operating condi-
tions.
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under 10 types of faults patterns
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Tab.6 Classification accuracy of different fault diagnosis methods
£% FEekik CIDA IWAN WATN MWDAN MMDAN
Ml 47.39+0.02 61.51+1.22 73.59+1.02 86.14+4.14 88.04+3.02 96.47+1.25
M2 56.86+0.05 66.27+1.04 66.49+0.35 80.37+4.37 86.19+2.19 95.51=1.04
M3 41.53+0.03 72.04+1.35 75.06+5.13 78.35+4.56 84.47+3.16 96.64+1.28
M4 58.91+0.04 75.63+1.16 85.94+9.73 72.98+6.10 83.93+43.73 95.32+1.47
M5 54.57+0.06 84.14+1.53 91.46+19.41 81.04+6.46 88.59+1.96 99.68+0.24
M6 48.42+0.06 60.33+1.06 92,290 46 83.37+5.67 85.73+3.79 96.47=1.29
M7 55.15+0.05 64.54+1.26 75.70+1.53 80.98+5.25 79.86+3.64 95.63=1.19
M8 40.34+0.04 70.37+1.04 85.39+0.59 79.62+5.49 80.14+3 41 95.41%1.20
M9 55.98+0.03 72.85+0.24 92.70+8.49 78.18+13.47 77.49+3.27 95.57+1.10
M10 55.43+0.06 82.49+3.76 72.31425.96 84.23+4.53 83.5242.47 99.09+0.21
A 51.46 71.02 81.09 80.53 83.80 96.58
i 1A /s 8327 1490.6 1876.5 15623 1286.4 1325.7
" LRI A 5 A6 42 OIS 207 2 e
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Fig.7 Experimental results of the datasets 5105 BSOSO 0'5 008853002588
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B 1% 95% . 1 8380.5 0.0 0.5 0.0 0.5 0.0 1.0 0.0 0.5 0.5
e o e 2B
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5l R SR 7 2 BET AT S T R EAL 510.5 0.0 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.5 60
TABGE L AR LT M B AT 4 3 MM- 611.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.5
710.5 0.0 0.5 1.0 0.0 0.0 G 0.0 0.0 0.0 1.0 40
DAN 1 45.12% 25.56% .15.49% F1 12.78% , %= W 8115 0.5 0.5 0.0 0.0 0.0 0.07Z 0.0 0.0 2.0
MMDAN 7E#APEfRE F BA TR TS 11, 910.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20
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Fig.8 Confusion matrices of test accuracy
for MWDAN and MMDAN on task M6
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Tab.7 Statistical results of M3, M4, and M7

task datasets

M3 M4 M7

F-score AUC F-score AUC F-score AUC

R 0.82 0.96 0.75 0.95 0.73 0.92
CIDA 0.63 0.90 0.50 0.87 091 0.90
IWAN 0.69 0.92 0.86 0.92 0.67 0.92
WATN 0.82 0.95 0.80 0.93 0.85 0.93
MWDAN 0.85 0.96 0.83 0.96 0.82 0.95
MMDAN 0.96 0.99 0.95 0.98 0.96 0.99
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Tab.8 Classification accuracy of different methods on noise data

1£%%5 B2 CIDA IWAN WATN MWDAN NoDSC NoMC MMDAN
M6 65.35 73.55 69.14 72.50 76.24 89.61 72.62 92.58
M7 60.24 67.28 58.65 68.13 75.12 88.29 70.87 90.47
M9 51.27 61.49 50.34 61.49 65.36 86.80 65.40 88.43
FME 58.95 67.44 59.37 67.37 72.24 88.23 69.63 90.49
i 1A/ 858.4 14521 19057 1512.4 12393 2034.6 1314.9 1289.8
[F AR A R B IR, 20
+S01-S02 - S03 - S04 - S05- S06- S07 151 .
S08 « S09 « S10 « S11>T01>T03 >T09 I % .
25 10 £n b oy
S u.:)r. _,."".:
20} 3 . R
‘BNE( " o ;‘!‘} ! _.g_.,; 0
15f 205" e R
Lok g‘# -5r '% %?'-'3.>
s 5
N 5t 10 -. ‘&i@é{} % d
% SIS S04 - S05 - S06 W@}
Y0 . - S07 - S08 + S09 5 R
2 ] 20« s10+ S11 > TOI ‘%
ST gglt WEFWOP W%, o .
qal 20 45 -0 -5 0 5 10 15 20 25
YEfE 1
15 (a) J5 1A e
2035720 45 10 5 0 5 10 15 20 25 30501 - 502 - 503
YERE 1 S04 -« S05 - S06
Y - S07 - S08 - S09
(a) JE 45 £ dfa 20,
+S01-S02 - S03 - S04 - S05- S06- S07 10+
S08 - S09 « S10 « S11>TO1>TO3 >T09
25 I
20f /Q'.-‘. g Or,
15+ 1ok
10+
>
5t 207
N
g 0
' Sl 30755720 45 10 5 0 5 10 15 20 25
YEpE1
-0 (b) MMDANZ##
-15¢ 5
{ B 11 5% M8 FHEESE
20 .‘. - ”
i Fig.11 The distribution graph of the data in task M8
_25 | | | 1 1 |
SO20 A0 010 20 S0 RO (I, SR ST IR T E X
X

(b) MMDAN#5%
B 10 5% M4 PRIEIE S E
Fig.10 The distribution graph of the data in task M4
W& 10(a) FIE] 11 (a) iR, 72 R B REA
AN M RERAS B R AE 23 A A7 A T L, 5 B0
B BRI 7 A R A HER . 1 10(b) FITE
11(b) g M4 1 M8 4£:55 T, MMDAN Ky n] BLAL K
e, AT LLE H, MMDAN 7 350 /0 T A ] 26
B Z A H S [ E 2 25 4 /0 1 RS H R

RUFI IS T o e a0 AT HERA 14 43 28 Tl
W, Hesh, WSk S1 5 BAREL T Z [ 23— 7
FEMRIEMG A B T4 /NP A S 8] 1Y 5345 22
5, W] MMDAN R 2% > 51 22 (1) 25 )| A ] H 45
ABRYFRAE, AT A EE R R B], MMDAN B A #
SR AR T O o SR 2 e

RS UEAS SO R A R, L 5 BRIk
CIDA IWAN WANT 1 MWDAN J5 ¥ ¥E47 % He
SRR AR Dy VA AE BB W T 7R B ] L 25 R



R
—_
%\r_‘_sq-_
<
=
i

TR IRIE 5 05 1 A P R B 63

/N, {H MMDAN [ °F- 4 HE 1 % 4 96.58% , 53 %]
BRI AR 45.12% 25, 56% . 15. 49% Fil
12.78% . J2 545 S Fe W MMDAN 7E78 T80 #8435
o N AA RO Nk 2 A6 22 5 O B TR
HAb 5%,

MMDAN 05 1 fE mT U P F DL R BLE] . &
56, DSC )2 0] LUAT R R AR 1Y iy g A\ A%k, 3E o
AEFROR AR B9 R E |, DSC 2 AT LU 3R A 1 4
JR G A B, M AT LA B 4 T i P A iy A 5080
AR AU AT B T R G 2 R e B AR T A
e, HR a2 RS Tk
HE BN A, &, 7T LRI 28 %
SR BEAE XS TC IR AR A HEAT A 38 I U5 A i
X MR R S A e A B = & R REA
R AT 42 s AR R R A TR AR . ZAE 43
ARG 5 40 B IO BT I 2R 25 A B T I/
PRI ERR A 0] R 22 () Y A A 24 57, X T
SR NGRS 2 S T L | DR R s/ 3 2 5 mT L) 4
FHAR N Z A5 1 P8 5K ) A b id B bR ) ol # %
P

4 %4 %

EEXHIE A 2 SHLAE AR T00 2514 3000 42 15 3
TERIZ WPk, A SCH th —Fh 2 RE 5 Z 0/
BB 4 | B T i D PRI H bR bR 25 25 ] S
P B SRS ), 1y v L R ] A B
FUZ BEARRIE B BB E | 7E CRUE R IE A0 RS B2 1
[ d S PR AR R ST AR B, T 2 A e de ok
W, ) FH S 43 2R S 249 o i e S S LY
TR E M, E—2 5] AMB TR S B4,
AL IR A IR RS M (BT D8 B RERE AT
P, DT R A 2 235 (] PN S8 B0 5 3l 00 A 22 52 1Y)
Wi S, AR T LA EE M R S LR 4R
ARSI ZRIE  MMDAN FE i & sh AL A il 7R 15 g
155 oV X 12 i B 23 433 3K 96.58% Fi1 96.
23%, b I T 3 4k i CIDA | IWAN | WATN Fi
MWDAN ZXF L7, A SO AR T 004644 T 3
SEBS IR RS WHR AL T HAE L nT i e 2
AR RS S5 AR I B A i B B R 4

2 2% L#K ( References) :
[1)E A, B, XI#&% e, %. 5T DBN-SVR AR &

BUHEAAIRLRE SRR )], ORISR A, 2022,
48(2) . 101-109.
DONG J W, ZENG H, LIU X L, et al. Exhaust gas tem-
perature baseline model of main engine based on DBN-
SVR [J]. Journal of Dalian Maritime University, 2022,
48(2): 101-109.(in Chinese)
[2]ZM%, Mmik, R, % LT HLEIE A AN
B T M [ D). R R SE AR, 2024, 50
(1): 125-133.
JIANG X J, LIU Y Z, DAL Y W, et al. Ship pipeline
drip monitoring based on machine vision [ J]. Journal of
Dalian Maritime University, 2024, 50( 1) 125-133.(in
Chinese)
[3]JHAN P H, ELLEFSEN A L, LI G Y, et al. Fault prog-
nostics using LSTM networks: application to marine
diesel engine [ J ]. IEEE Sensors Journal, 2021, 21
(22) : 25986-25994.
[4]ZHOU R, CAO J Y, ZHANG G, et al. Heat load fore-
casting of marine diesel engine based on Long Short-Term
Memory Network[ J]. Applied Sciences, 2023, 13(2) .
1099.
[5]WANG R H, CHEN H, GUAN C, et al. Research on the
fault monitoring method of marine diesel engines based on
the manifold learning and isolation forest[ J]. Applied O-
cean Research, 2021, 112. 102681.
[6]LIYB, GUOZ W, LIZ X, et al. Instantaneous angular
speed-based fault diagnosis of multicylinder marine diesel
engine using intrinsic multiscale dispersion entropy [ J].
IEEE Sensors Journal, 2023, 23(9) . 9523-9535.
[7]FU C, LIANG X X, LI Q, et al. Comparative study on
health monitoring of a marine engine using multivariate
physics-based models and unsupervised data-driven mod-
els[ J]. Machines, 2023, 11(5): 557.
[8]CAT C T, WENG X Y, ZHANG C B. A novel approach
for marine diesel engine fault diagnosis[ J]. Cluster Com-
puting, 2017, 20(2) . 1691-1702.
[9]KOWALSKI J, KRAWCZYK B, WOZNIAK M. Fault di-
agnosis of marine 4-stroke diesel engines using a one-vs-
one extreme learning ensemble[ J]. Engineering Applica-
tions of Artificial Intelligence, 2017, 57, 134-141.
[10]XU X J, ZHAO Z Z, XU X B, et al. Machine learning-
based wear fault diagnosis for marine diesel engine by
fusing multiple data-driven models [ J ]. Knowledge-
Based Systems, 2020, 190 105324.

[11] CORADDU A, ONETO L, ILARDI D, et al. Marine

dual fuel engines monitoring in the wild through weakly



64 KEBFRFFR

%52 %

supervised data analytics[ J]. Engineering Applications
of Artificial Intelligence, 2021, 100;104179.

[12]KIM D H, ANTARIKSA G, HANDAYANI M P, et al.
Explainable anomaly detection framework for maritime
main engine sensor data[ J]. Sensors, 2021, 21(15):
5200.

[13]TAN Y H, NIU C Y, TIAN H, et al. A one-class SVM
based approach for condition-based maintenance of a na-
val propulsion plant with limited labeled datal J]. Ocean
Engineering, 2019, 193: 106592.

[14]GAO B W, XU J, ZHANG Z R, et al. Marine diesel
engine piston ring fault diagnosis based on LSTM and
improved beluga whale optimization[ J]. Alexandria En-
gineering Journal, 2024, 109, 213-228.

[15]2M K, Xk, KE#, % FETER T M

HUAG I PR AR I 7 35 [T]. KO g 3 K222 i,
2023, 49(1) . 103-109.
JIANG X J, LIU Y Z, SONG Z M, et al. Image detec-
tion method for ship engine room fire based on transfer
learning [ J]. Journal of Dalian Maritime University,
2023, 49(1) : 103-109.(in Chinese)

[16] FKIE, TRAZE, J™E%E. LT ZmIER R r Seim
BL B T 45 & 5 0k [0 ] RO% I = 2 2 4,
2018, 44(3) . 71-78.

WANG C Y, XU JJ, YAN Z J. Evidence fusion method
for diesel engine fault based on multi-attribute group de-
cision making[ J]. Journal of Dalian Maritime Universi-

ty, 2018, 44(3): 71-78.(in Chinese)

[17] CHOLLET F. Xception; deep learning with depthwise
separable convolutions[ C]//2017 TIEEE Conference on
Computer Vision and Pattern Recognition ( CVPR).
[S.1.].IEEE, 2017, 1800-1807.

[ 18] SAITO K, WATANABE K, USHIKU Y, et al. Maxi-
mum classifier discrepancy for unsupervised domain ad-
aptation[ C]//2018 IEEE/CVF Conference on Comput-
er Vision and Pattern Recognition. Salt Lake City:
IEEE, 2018 3723-3732.

[19]FU B, CAO Z J, LONG M S, et al. Learning to detect
open classes for universal domain adaptation| C ]//Com-
puter Vision-ECCV 2020. Cham: Springer International
Publishing, 2020 567-583.

[20] TUCHLER M, SINGER A C, KOETTER R. Minimum
mean squared error equalization using a priori informa-
tion [ J]. IEEE Transactions on Signal Processing,
2002, 50(3) : 673-683.

[21]ZHANG W, LI X, MA H, et al. Open-set domain ad-
aptation in machinery fault diagnostics using instance-
level weighted adversarial learning[ J]. IEEE Transac-
tions on Industrial Informatics, 2021, 17(11) . 7445-
7455.

[22] 5K M. 52 24 W 25 A TR T 12 S AR S8 AL R 2
TR HEIBTFE[ D], K% RIEHEH R, 2015.
ZHANG A P. Research on community detection method
in complex networks and its application to fault diagno-
sis in marine engineering[ D ]. Dalian; Dalian Maritime

University, 2015. (in Chinese)



