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Research on electric temperature monitoring system and prediction
model of offshore platform

Liang Yuzhen Zhang Shihai Ru Chengyin Zhu Yecheng
(School of Mechanical Engineering, Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract; Based on wireless infrared temperature sensor and data acquisition terminal, a distributed temperature
monitoring system for offshore electrical equipment was constructed to meet the actual requirements of temperature
monitoring for offshore electrical equipment. The system application software was developed to realize continuous
temperature monitoring for offshore electrical equipment. Aiming at the problem that traditional temperature prediction
is difficult to deal with a large amount of fluctuating data and has limited ability to deal with time series, a combined
prediction method of Bayesian optimization and LLSTM was proposed. The temperature characteristics of the
transformer during operation were analyzed by taking the transformer monitored offshore platform as the research
object. The LSTM network prediction model with strong timing was adopted and the Bayesian optimization algorithm
was introduced to train and update THE LSTM parameters. The practice shows that the LSTM model based on
Bayesian optimization has good prediction effect on transformer temperature of offshore platform, and its root mean
square error is 0. 139 and prediction accuracy is 98. 56 %. Through the comparative analysis of four prediction models
including support vector machine, BP neural network, LSTM and Bayesian LSTM, the advantages of Bayesian
optimized LSTM model for offshore transformer temperature prediction are confirmed.

Keywords: offshore platform; electrical equipment; temperature monitoring; Bayesian optimization; Bayesian-LSTM;

temperature prediction

0 = = ﬁ)ﬁjﬁﬁﬁzi“ﬂ!ﬁ’*”,éﬁ%‘“ﬁ%ﬁ#%%ﬂ:%%éﬁ%ﬁ%%ﬁé
PEC AT E AR IR TR A SR SEER R

g L GRRRERENEZT TER. S SRR RS EREERREAN IR B%ELS 2. R
MARAREELATT MRS EREZRIE, BN FNERELEFH - TEERFEGTRY, W

B H 3t - 2022-06-06
*» FAETUH . REH A AR S (19JCQNIC04200) K H i H R X AL HH &I T H (20210101) ¥E B

- 162 -



ZEAF. 5L PFERABEREARZTAMNEYFE

522 )

AR S R R R IE TR B R AR S AR
L W% S TR R R AR B B B i IR S R el e iE
FEERE, W6 BB s TR IR B 2
A7 S iR S R FUN0  rF DA R SRR A S R A AL
B B LB B R B R T B3 R &
2k,

b Tl B M L 0 AR M W B S R i A {5 aE A I
BRSO T O R A R A TR M R 1Y
TEHEARFE . X T EAR S RN, — R 22 T
HI7E 0.5 LAPY , R 22 M/ IR BIORG B2 i , IR UL e 4 18
A 9 IR TN O R ST R DGR . A% 4 1 I 18] R B 4 5
10 3 LA LR 5000 B AT L HLJE TR NN B AR R BT R I T
P SCER 12 )R K s b aE 47 0 AR b i R TS R R
T BP B2 I 2% 1 I RE T A B B AT R Y T R A
SCHRL13 T FH 7 He 4% 552 i 3 B2 K500 - 4 S 1 AL AT LA
I 3L B A B 5 SCHRL 14 1M T SCI 0 v 28 I 2%
AR T i 8 A A IR I AT TR L 8 1 ) ST R 2 )
2% 1) R 38 T 00 Y A i 199 I £ R R S B g UM BE ) 2%
98 5 SCRR 15 TR T S B 3212 P 4 A 28 ) JF S A P i 8 i
FRTIM , XF b BP 22 9 4% F A 25 30 242 0 2% 35 B 7 3% L iR
TR LI P 2 B R TR L. B A AT R B
i B2 JUI 5 32 W R - 2 G ) BN )P 51 BP A 2 19 2% 45 T 1
AT LA ST A A B o Bk B 2 0 PO L AR R T A 22 5 S
5 17 2 AL LA 2R AR AR RO BRI 2 A B L B R O
Hf 25 5 7 SCInl U 2 0 2% 1 B3 02 R B v, TR R
P2 B A5 GE A S I IE 12 ) 4% T 0 AL 7 I 1 R L B
i 375 4 17 50 30 B ML AR  fELR 7 4R OB A 4 AR I, 2 P A
AP B I T BOBCHE & KRR AE AR B 6 A5 7000 ORS
TR

BT L LT B RO T i L P ARk
L JEE M AR 4 4 1 SR D DL S A 4 45 0 B I T AL 1 285 A
TUARGS & BRI F0 U5 s . WRAR AN R - SER A I AL R
JBE M 45 R G AR A Y S I B S PR A o R a3 D DI R 4R
W UESE A AR o I R R 6 U R ) RO R A
S DU S0t Al 25 A0 B AR o8 8, $AT DU S O A o AR L o o
T W 3t T 24 ST IR 4% 2 8 A I 265 R 9 A O BB
WHE K EISEAHE M A LSTM W 2 85813 17 U1 25, F
PN 46 09 % Hie x4 70 B 47 I B )R & 5L Bayesian-
LSTM HY R B RS DU 5P £ 42 A% A9 52 B s
g ), 308 2o S 36 B i K (] 28 23 A O vk 4 H A A BT L R AR
SCHT 4R M R BT R i SORDRS BE L B8R T T 48 O i B9
FAT PR B TN R

| BETARSEERELERENRRNE
R

WA A B SR B R IR P B R O B L A
BHPSEMNEZAR HITFERS EEE2ETAT

WA B BT R AP AE TAT 38 B B R P Bk MY Ak A A
it RUEANGE — B 53 BT AR Bk LM B2 O ARG A 2 7 4
PR S T T A R TR BT AR ARE
A o3 At BRE AR, 5 DLET AN IR BE AR TR SR B R R AL 46 o BTl %
A 1 PR RS

byt vy

=R Ll

A R O5 A i

FAR B AR -

i

i

§

i

i

» i
£ ;
wmz lom s lan !
H

i

i

i

§

i

i

H

i

¥

iﬂﬁﬁlﬁﬁ ‘RE{I?!E(%S
LoRaALRfEHl LoRaF£R 4
S
[ 1

EEE T NBECHT

g e EwE(Hea

Bl 1 G R 40 S i B A% e o A T B R e A R L B
TG R (W] A8 T A i) A A P R T A 0 S0 W 0 £
G o T L 2 BT i 2D SE IR Z 1R BEAG I
it 2 IO AR RN R A T 30 2 IS £k 5 Bode R M R o 2
T P AR Nl S TR U7 S [ R AR %A P BT
A T AR Y SR AR 5, JF A S R R e 2= 2 IR
Fra) MTC L (IR 55 45 B b i 220 19 77 308 BT R 4R B3R BE 15
5 e iy 28 IR 55 A E AT W A B 5 IR 55 4% 2 A R D L 1)
WL IFEEET H BRI R GEE . 52 B R W B/
BRSO R T A T RE . DL b M R SR 7E
PR B BoR 2R e ST S AL M 2% 0F R R ] s >
RGN P b 2 G0 2B X1 6 B R A S
W3R

FEXE R GUREAT AT B R K BT R T % B &
HABE IR M R LT R G A 2 TR
XA G T TR I SR R R AR IR AR IR R B
A B o3 A e B A D T B D E

VUL 6 0 M R 40 H AT EL A B 26 M L, R 4L
EREEfT 1AL, % BEORAE I 8] 18] f (5 min) , 3% 223K
BOy 2 0 mi B8 BE R B 3 NF B 2 & B AS g A
2021 4F 12 A 1 H~10 H R EEC . RGE K il
JRE R0 v 2R AT DA H I M AR S BT AR Ak L SR
G AT 5 KB o BT KB R AR DT T (Y S RE L T LA SE I AR E 1Y

+ 163 -



545 4

ﬁ%ﬁ%?‘ﬁﬁﬁﬁ%ﬁiﬁ%ﬁ% .

| YOU 151 Piatiorm Elecirical Equipment Monitoring Syst

& 2
2
24 \J& ’ﬂ\ /\ N/’Ag& m;f’u‘ f“"ﬁi

-1
AW AT
i ;} } v
%18 fi #j
16 5;
14 \j
1% 500 1000 1500 2000 2500 3000
FEAS

B3 W EFE 24 WA AR IR i A Akl 2%

2 BLTAESEEFEETNERNEE

WL AR 5 I IR D R A0 R B S A RO Tl R R
R T (9 5 2R R — > /A 30 R e R X — 5 A e
WU BFE A AR RERN R E 2 B BRT R
VR RE R 4 i e BHL S B R RN IR R AR A R W L S
RER AN ERRR, B L FERIRE KN HEEZ
TR SREESHET, 5 A 7% 2R/ Hg. 5t
T b5 R RO R B4 IE R IR A Rl
JETE 20 °C~25 "C 2 [a], I BT+ sl B AR — i BRI, 3y &
R BB I IE B, AR L AR A, BRI, 5
X R s f T R v A BE B AT DO R
F16 1R 300 R o 3 A UM DR 1 AL R A O R R 4R

« 164 -

ARG SR R

V- 518 E RE M Z A, NI, 38 SO H 8 4 B i FE Rl
b 48 R DU B AR 5 4 S B IR A2 W 4 AH 45 A e T
B AR R IR T AL, A 1 S A A8 A ik A B i T
KB R BEAF BT T BAF T R TR R .
2.1 KERHZIZNERHE

1B PR 48 28 B %% (recurrent neural network, RNN) %]
Y2 R TR . AR RNN X 2 61 54 10 12 %
BB A7 AR bR RE O R B 1l BT, K R E A2 R 4
(long short-term memory, LSTM) /& F ik B i) RNN, 7E B
WA 15 A A2 A0 H 45 LSTM WA A & [ ik £ i0
1205 B BIRE S . LSTM Bt RNN H #2800 , 1%
S ANECT STl (X NN TH I oS Ul L ) SSuR L aB i Ip) |
ANBATT ST G e filE B s, % A&
KaHCZ i gE S  LSTM W 4545 R 54 T 1 4 B

[l 4

LSTM R 4% #85 5Y



ZEAF. 5L PFERABEREARZTAMNEYFE

522 )

P4 3% LSTMAE ¢t RRZIEA R 2, = (a1 2y
)Ry, By, b B S BRORCIR
AZC, , METIRILRE R C, . AT i, BTN f..
TR 0,0 TTHEHITH sigmoid f 28 0 4% J2 F1% 45 e 1k
BRMM ., sigmoid BTG 5K EURE 85K F A WGt £ 00, 111
a1 R E—HZ BRI E B AR E .0 FoR b
— 2GR B e E R,

B (Horget gate) : # M b — A B8R 285 10 81 3
ERMER . WRIE 25 vy, MEEHA z, BE
o bR SR B R B R, RE Rl

fi=0W, [y 4,2, ]+0bp) (D
X o 2 sigmoid FTH R W, RARBETTHALE, b,
REAE .

i AT (Ginput gate) FEH HATRMA WG . BIE E—
B2y, FUSRTE Az, POE ST S B R AR,
i sigmoid BT MRECH M A FIE B ¢, 83T tanh ¥
% oA RO S e R €L, RIBRR

iz :5(W‘ 'Eyrflv-rz]_._bz) (2

él = tanh(wz, * [yzfl ’Ilj+bz,> (3)
Arh W, RAREATTIRE W, £RC, B b, b,
i E .

i H [T Coutput gate) : TEHI AT — N EBECRE M E
B e E—mr g v, MYETRA o, il
JERFAER Ly, 05 R MR A0 B AS B R B A, A
F% L T LS S o, FNIHT M A TTICIIRES C, B E W
SR Y AN

0o, =W, « Ly, sz, ]1+0) (0

v, = 0, * tanh(C,) (5
AW, R ITHAE .6, HWE.

ELSTM BRI AT ] il Tk U2k
L 17 A f 2 5m Th 88, DUAR R AY Oy Xl & ez
Jeth ., LSTM W 4% B i Hh b — B 220 A9 Bomi MR 25 #0124 5
WAYE, F—BEBEETIENT -BHmAREER,
P £ & 4k (9 AL R i B S DR BB L O O 3 S o0 A
PR,
2.2 MHERAEENE

i R 25 AE TR L B P OB W R R 2 M SR EMAL.
PI3RTE B p B TR B . LSTM R 4% 46 7 55 2 {0 4L 1 48
SHARERBZE T S E PIRE I BN RN L ERA
SHE W WIS IEA AR R BEPLE R DL iR
RS MR E ERAHS REHEIRE. Z]
WL H A R 80r s BEALIY R i BE PP 45R , Ak 45 5 2=
SRR K, T BE 4 5 M) o 2C TOUMU 45 L 5 ) 4% 40 % R B AL 4 R
TEARAL S B, 2 2T 5 B, BN R % 1L
BmE, N E oA ENSEER. A
T b B T s AR D AR AR P BE TR 4, BTz N A

i 2 ) 458 S HOR AR

DU 37 0 A 2 e BRI BOR 2R R B0 1 OO T AR AR B A R
Xk PR B HEAT ARG A Bk, 4ol R R S0 R T AR T A 0 B
ik bR B i A BB ACIR IS R T AR

x" =argmf1:§f(x) (6)
Ko’ B BRER FOFERKE X NHEREMLMH.

DMt B 5 fron, SR (2,
Ty s, BB R Cy sy s ey, b USROG 2 )
FC AR SR B e (oo ) LA ME R AR AR 2, 307K S 8K
HEMEMRBECR, A RERFERET - mitn
(a, ), HAF (s ) RN RABEE, Gt —F
BRI SRE BB S HE
SERRILI A

ittty
SEhRHy

B5 el &

2.3 DM HET{L4L LSTM M & Al 4R 32

LSTM W25 #5518 i 55 )2 . RelLu(rectified linear unit)
MEREMSEEEHARK. LSTM B& 2R E 4R
B I (] P B AR AIE 5 3005 BB Rellu I TR S EMZ K
S IERER RS A LSTM M4, #2558 A 1) 255 68
I R TR A, B TR .

LSTM W45 |2 61 % 1R £ i 1247 i 8.0t , 38 2 77 6 S on
BIARGER BEXHAER, BESHR 2, HEXME
WEHGEAT A B, 28 K N B A B 0, R IR T RS B
[ NIRRT R AC R IP R R 2 el ]| i S X =
BIRI A 554, Bayesian-L.STM SRl 45 ik FE AN & 6 FF7R .

D s A2, X s dE 47 R 40 40 38 L 5 B bR R AR
S H L e B0 B &

DBSH . M AR RS W B bR oA B
A 5 FF SR 4R oR BCPS T B AU SR AL 7 1) 3 BT — SO A
N W B AR BRI AR AR A i R S AL A

DERYNG, RS EH BB A LSTM W 45 85 7
A7 YN Gk , A Wi T8 39 9 285 A0 B8 A B L 6 S B AT A IR AT
T A .

3 ET Bayesian LSIM Wi F FREBE SRR & A
& T S5 36

AL R4 89 1 3 R BE KR A 1), o 1~6 H ARG IR R
A Ul Zr 48 - K I 2k il B8 T30 B2 20 5 6 7 H B9 S0 A

+ 165 -



545 % woF o

s s e e i s b S s aan s T e s e s

: ;__ll

M 6 Bayesian-LSTM #& A4 {Jl| 2 i F2

RS, FR I IR T A AT SR % 8~ 10 H M BURAE
S AR L P R A A AR B RS B, R BB I 2R By
B B ST X B AT T — Ak B, B AR T 0 i I A
WA
3.1 Bayesian-LSTM SLI8 iE ) $5 4R

9 T Bk Bayesian-1L.STM 5 #1500 4 1 8 , R F 4 J7
1% 2= (root mean squared error, RMSE) | 3 ¥ 4 % 1% 22
(mean absolute error, MAE) 415 R Y NIEAL+EFr
AR BT,

1< .,
RMSE = /72(31‘*3/,)“ , € [0, +oo) (D
1 .
MAE = —->7 |y =3 |+ € [0, o) (8
z(yii&i)z
RP=1-—"—— €[0,1] )
E(yi*y)z

KN REEARL v, Fly, 53005 « DEE R E S M
T E
3.2 Bayesian-LSTM 32I& 9 47

5 P U 2 4R T iE 4 1) 25000 A S A, SR DL RE AR AL
A0 B AR R, B AT R EE AT LSTM W4 Y1 45, I 56
ESE LR [l Ar iR 22, @il m/MEBIEE LR R E
AT DL Al . 1R E IR AR S 30, W 4 R
TR B 10~50, W1 iE24 2 5y 0. 001~1, DAkt b gl
RUE 7 Fiw.

ST 7RI, B A AR TR ARG 3, 36 E 4R Y 4 2
PR ZE B W/ /N L A fe /M T B IR 223 F 0,38
S UER O AR, BRSO T SE M3, TR AR )RR, Bt
LI ] A7 SR B AR A T AT X IS R R 1 TR

« 166 -

/s B r B AR 0.25

~- - f /N HAR R BOWH H 45
g BiR R A T E AR

)

0.05

£ e

0 S 10 20 25 300

i%’rlﬂsfkﬁ
BT S HOR B2 R A

F1 BREGMTTITANREVNATITRIIEE

X LB AWM A TSR BT
T4k 28 e 5L Adma Adma
SRR A 27 11
iR 0.916 8 0.985 6
B 7% b Sl 0.010 008 0.010 153
R BCTAL B /s 121.393 2 99. 756 5

B 1 AT LLAE 2 U0k i 2 B8ORS 700 7
& 91, 68% WM A 98.56 %, AT T 7. 5%, oK BOEAL
B [ 20 RIS T 21 s, 22 WH DL i 7 400 £ 50 32 AT L 38 o T ) A5
RURYRE B L 32 S A R AT S

LSTM W TE I Sh I FEFEFE T I A RS B 5
S HURF EAAE R 7GR UE T o A L O R kAR b
W B S5 R A A B & S 0T ing 2
B,

IYBTEE 2 AT AR ALK B 2 500 B I R g R A
FAaE Hok 22 W W AR K, 71 48 TF 58 % U5 T O UE I 410k
B BB IR ECR 2 000, 3 AR KECH 30 7B W e XY 2h 4
RLLSTM W 4% B ji 2 15 S B 42, 90tk 2E 3 %k 0. 033,
L, ERMALRECH 1.024 X 107", Il 254 O (B 5 50
XF I 8 s, Bl EE S AR A R ER I
HHIl 44 RMSE 2 0. 124, MAE Jy 0.101,R* Jy 0. 998,
T AR Y T 0 25 0N, O P SE ME E . R Bayesian-
LSTM ) 25 455 71 % o, 38 2 TR BE A — <& (i 000 1 Y

ST AL 5 B0 88 2 50 R A R I St 51 L LR SR Y
BICHE X A TR B AR AT, A5 SR A0 9 TR, i AR T
£ RMSE 7 0.139, 25 75 0. 1, REAR I A4 T 0 1k
P J6] Bt ) R

Wi 9 Bz, Bayesian-LSTM [ 4% 15 (1) 4 1A 751 0
PP & A8 F A% B SR B T 5 (AR At S A — B )
PR (M0 sh /N, BUKG BE de . HE) 8 A b, I 24k
L5003 S ) A T e A — 3K, 3% I T O AR Y
ZARBE DT BRI R BN R B T ARG I S A5 AR



REAF . AELEFESLABEEERAARTAEARA 5 22 3
®2 MUIBHESHEZN

bt BAORE REEW S wiessR L EMARE/ X10 ' RMSE MAE R
25 18 0. 004 1. 009 0.131 0.102 0. 993
1 000 30 13 0.111 5.031 0.132 0.105 0. 992
35 42 0. 065 1. 041 0.142 0.118 0. 990
25 50 0.031 1. 649 0.143 0.108 0. 997
1 500 30 32 0. 005 1. 026 0. 145 0.111 0. 997
35 37 0.025 3.315 0.137 0. 098 0. 997
25 11 0. 027 1. 022 0.133 0.106 0. 992
2 000 30 42 0.033 1. 024 0.124 0.101 0. 998
35 11 0. 034 6. 691 0.163 0.117 0. 984
25 38 0.075 4. 828 0.138 0.109 0. 983
2 500 30 50 0. 008 1. 289 0.145 0.102 0.983
35 16 0.023 1.381 0. 141 0.112 0. 992

255
HAE

- A
— B

200 400 600 800 100012001400 16001800 2 000
BRREAA B

K8 I ghER {6 5 5 SE A X E

3.3 Bayesian-LSTM & & SE 18 3 b
N T B iF Bayesian-LSTM #5250 /4 £ 8 4 , 28 B
BP #1122 W 45 SR B HL K S A T 42 0 4% 455 A 5 A7 T
LA AT 4 B O IR TG 5 SRR X LE A& 10 TR .
X HG I 10, FE YN GRAE A R0 S 80 M R R AT $2 T, Sk
MENL TR R 2, T2 LR EIIEAE AR T
KI5 P A B4 Bt e 2, TR £ 8 k. BP

250 N K ~;‘“Tﬁﬂﬂﬁ

300 400 500 600 700 800
TR AA 2

KO M5 T 5 S B R

100 200

e 225 TR 4% ALk B R R O A BE T A 22 NRBAR AT I 3T
SR AT B AR AL R, TS BE R AIK. 1648 LSTM B /7
PEER , TR 22 b SRR 18 = ALA BP M [ 45/, (B il 1
DU 0 Ak EL A T AL Ak X 45 2 BRY B T DA R 4%
P32 5 & A RS B2, BT T, Bayesian-LSTM i il 3¢
AR, BUNAR 22 e /D BRI v S M e i, 3R 3 U AN TR B A
PR R AR R XS LE 45

RS T 25 S e PR EE TI0 45 S xt L
bss RMSE—0.186 77 RMSE—0.204 94
: - BSR4
250 v_ﬁﬂ“ﬁ
245
24.0
02350
223,054
Bs
2.0
215
21.0 VY .
2057700 200 300 400 500 600 700 800 2057160 200 300 400 500 600 700 800
TR ARA B TRE R A B
(a) BPHZ W 4% (b) ZFeF =ML

« 167 -



45 % v F o KK
R AR TUA 45 JRxF L JUREE I 45 SR X L
RMSE=0.174 59 RMSE—0.138 58
255 - 255 ﬁ%ﬁ
25.0 e 25.0
245 245
24.0 24.0
OB 0235 P
23,0 & 23,0 ¥
B s %o 5
22,0 220
215 215
21.0 AT 21.0 ,
2065 U 205 ; ,
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
TR AR AA $ TREUAEAA K
(¢) LSTM (d) Bayesian-LSTM

B 10 4 FhJy g B T (8 5 SEPRIE X L

R3 4THBMNEBHFTRIRESLL

kD BP #% A LSTM  Bayesian-LSTM
ES n) & AL
RMSE 0. 186 0. 205 0.175 0.139
MAE 0.124 0.134 0.111 0.091
R? 0.971 0.963 0. 981 0. 998

4% B 2 3 ] W, Bayesian LSTM #i # RMSE %}
0. 139, MAE 2 0. 091, ¥/ F H A AR 00 25 5% . A F
1£4: LSTM W 4% #% B, Bayesian-LSTM #% %! RMSE M
0. 175 W/NF] 0. 139,08/ T 20.57% ; MAE M 0. 111 3§ /b
B 0.091, /N T 18.02%, Bayesian-LSTM KLZI [ R* &
0. 998, TIIE 5 B SC{H I #F & 12 % & & » & W] Bayesian-

LSTM #1152 22 {6 vt B /DN » BE 46 B 47 b U0 22 e 3% 1 2
MAE AL 3.
4 & it

FlSei b 5 AR A BT R 20 A ST R 20 Sh iR

W R B R B L S W R
TEE AL LTI LT SRR RAEES S
SRAE M ST /E T S AR B

FIZR I f e A A T8 T T4 5 R L 48 i T 3
F U O Y LSTM {5 J3E Bl ASE 80 , 3 36 b5 675 IR
T R RO B UE K 28 AT R R R A AT, IESE T
Bayesian-1.STM ] D) f gl B5] 8] )¢ 51 o < B 40 i ) [l 750, 2L
FHREI WA BRI PR AR TR P
B LSTM R 45 £5  , Bayesian LSTM 5 I &k 52 58 4, Ho b
BHEWIREW/ANT 20.57%, F ¥ 4% iR 2 W N T
18. 02% , $0L &0 B 15 1k 0. 998, 1iF B 22 101 0 455 20 %of e 15
21 TR TR A R R 4R SR B A Kb
SEHWRBERARTREERZ L,
S % Uk
(1] Vi 50 R % SEF M A T Bk i

Ak A b ORI B0 7 B LT, 44 H R, 2021,

« 168 -

[2]

[3]

[4]

[5]

L6]

[7]

(8]

[9]

[10]

[11]

[12]

43(11).1112-1118.

DUW, LUO X J, LI X, et al.
of offshore oil platform power system[ C], 2019 IEEE
Innovative Grid Technologies-Asia ( ISGT
Asia), 2019 2754-2759.

ADNAN S, FAISAL K, LESLEY J, et al. Integrated
offshore power operation resilience assessment using
object network [ ] .
Engineering, 2018, 167 257-266.

JESCRE, A8 30, BT 5L SUR IR s i N L AR AR
ERNBEERESHPWHRENAL] S B EE
A ,2020,46(9):2985-2999.

T F, R RIETR % AT EE Gk T d Sy i
AR BB 5T LT ). & R R 2%, 2020, 56 (2);
202-209.

MRik B SCIR AR 9 0. B F IR 5 ) 1 B ) IR a5 405
PRt B2 W 7 ik DI T AR Ay, 2021, 34 (1)
97-105.

L TR TR ST 20 A AR I R 2k B R R
BT, 54 2. 2019,56 (24) :99-103.

X4 Bk, LT . %5 BT R 5S4 ARmE
WAL FiIsHRERN L] B T RREHER,
2022,225(3) :55-62.

BT, W LV S SR L AL RTINS B R S 1
HURR A8 e g B T [ 1. s L T 42 R L 2020, 332(7)
2530-2538.

Reliability evaluation

Smart

oriented bayesian Ocean

AHMED T. Time series forecasting using artificial neural
networks methodologies: A systematic review[ J ], Future
Computing and Informatics Journal, 2018, 3 (2):
334-340.

MOURA M C, ZIO E, LINS I D, et al. Failure and
reliability prediction by support vector machine[]].
Reliability Engineering & System Safety, 2011,
96(11); 1527-1534.

THE L EL A%, 5. T BP MM s Xk



ZEAF. 5L PFERABEREARZTAMNEYFE

522 )

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

UL T R 2 T F 9T T 0. B AL, 2020, 53 (2D
32-36.

BEA U DU R 5. TRl 3RS M B AL AR R
i S B IR BE TN 7 Bk AT LT, & B L 4%, 2018,
54(12).174-179.

PRERAR  BATIR, I /N, 56 T IR S 48 ) 45 2 728
A G PR IR B N g LT DL S R R ROR S 2012,
38(1):16-21.

B S AL B S0 L 45 BT R E BB I ph
T 2% B FF SR AR IR A TR BE TN [ 1. BRVE B K2 3
2021,39(4) :148-155.

IR PHYE o 52, 45 . TR RG B TG H ) W <3 4% v B TR )
K 77 vk 1. 2 B ol K 22 22 4R, 2021, 43 (6)
614-618.

RAMAKRISHNA A, VENKATA N R P. Predicting
the success rate of a start-up using LSTM with a swish
activation function [ J ]. Journal of Control and
Decision, 2022, 9(3):355-363.

T JE . A E . T A RS R S
JE AL Y AR A b TR A 5 i IO O R L) . AR A R A
#,2021,42(4):111-120.

TR AR Z % BT LSTM B 4 (148 | 245 T
HO AR FEE TN LT ). A TN B R, 2020,43(4)
81-87.

WeAsTr R B E B TR S Y B E I ) R
LT, B Ab e 0 28R L 2020,39(1) : 44-48.
MR, 25, 2T LSTM Y 98 3h 7 & vk 119 /8 4
ZUERE RN TR T] W70 & AR, 2021, 44 (21D

[22]

(23]

[24]

[25]

[26]

[27]

(28]

84-88.

TR FBILE, EKT L L FE T T LSTM iy &
s i T 2 WA L) ). O & SRR R
2021,35(12) :167-173.

IR IE AR, BT LSTM RY IR 3 #5000 3 1 1Y 1 4
BRI S LT, T I R R L 2021, 44 (21D
84-88.

Z5, £ PR NCA B2 A 0L 748 16 8 5 0 43 24
BB LT ], TH B HLRL A 5 8, 2019, 36 (8) : 281-
287,299.

LI H Q. Automatic electrocardiogram detection and
classification using bidirectional long short-term memory
network improved by Bayesian optimization [ J ].
Biomedical Signal Processing and Control, 2022, 73.
P (805 05 5 B /MR Sk T DL - Ak XGBoost 1) TE
IR B 7 i 1] LTI B R, 2022,45(7) 1 68-74.
M PH R U R RE P B BREE R I R EE L O BB K
PEAE DT EELT ) M T HLBERT R 2015, 148(10):61-67.
WL MR BT ERMAE MK 56 TR FEE
S8 T EL ] RIUBH R 22 22 4k, 2022, 45(2)
149-154,

EEE T

RER LA LE, EEOTFT I8 KA e 2

M5 2
E-mail; lyznszbd1117@163. com

SKALE . T, B, RO ST 5 ) O R T B A o R

S 2.
E-mail: zshky77@163. com

+ 169 -



