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Abstract: [Objective] To ensure the safe operation of long-distance submarine oil and gas pipelines, it is essential to enhance the prediction
accuracy of their internal corrosion rates. Most existing models rely on Support Vector Machine (SVM), which has limitations including low
convergence accuracy, unbalanced optimization, and a tendency to get stuck in local optima. [Methods] To address these issues, Multi-Way
Improved Whale Optimization Algorithm (MWIWOA) was proposed to optimize the SVM-based prediction model for the internal corrosion
rate of long-distance submarine pipelines. The population initialization utilized Tent chaotic mapping in conjunction with an opposition-
based learning mechanism. Global optimization and local search functions were balanced through the introduction of adaptive weights and
nonlinear convergence factors. The extended search mode was refined by integrating the simplex method, while the optimization capability
of the Whale Optimization Algorithm (WOA) was enhanced with Levy flight to improve step length. Consequently, the improved WOA
facilitated the optimization of kernel function parameters and penalty factors in the SVM-based model, thereby increasing the rigor of

parameter selection. [Results] Using the corrosion data from the SP74-FPSO pipeline segment as a case study, various algorithm model
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improvement strategies were applied to construct internal corrosion rate prediction models for long-distance submarine pipelines, including
MWIWOA-SVM, WOA-SVM, PSO-SVM, and SVM. These models were trained to predict internal corrosion rates and subsequently
compared against one another. The internal corrosion rate prediction model based on MWIWOA-SVM for long-distance submarine pipelines
achieved an average absolute percentage error and root mean square error of less than 2%, indicating a very low error level. Both the
determination coefficient and fitting degree exceeded 98 %, while the relative error between the predicted and actual internal corrosion rates
did not exceed 0.99%. These performance metrics significantly outperformed other prediction models, demonstrating higher prediction
accuracy. [Conclusion] The successful implementation of the MWIWOA enhances prediction accuracy and outperforms comparative
models, demonstrating the feasibility of the algorithm improvement. It effectively addresses issues such as low convergence accuracy,
tendency to get stuck in local optima, and unbalanced computational power. The experimental results indicate that the MWIWOA-SVM-
based prediction model for the internal corrosion rate of long-distance submarine pipelines demonstrates better prediction performance and
effectiveness. This model can serve as a valuable reference for future research on risk assessment and maintenance recommendations for
submarine pipelines. (7 Figures, 3 Tables, 26 References)
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{H PSO. GWO X Hffi& M1k e 22, R e AT e,
FLRPRE R & Bob K™ 28 BT BEALYE, 5 Fa N = i o
(N

S b, BUA HLAS 5 21 0T J8 347 AR 0 N 2 AR
%Ba)\)%’iﬂﬁxﬁ: I A, (R 78 70 gt ok SVM AR L AE

H T, ARk R4 B 8 000 km, N
W AR IR ) LR . R 1 A R B
K25k, PRI HE A B A A BT PR Py )
RIEE TN R, o RAREM, FECEFE LM, &M
e E S N B RGBT . I, 7E R KA
T 7 T, A R A T ) A ko S A Y R T8 P B b i AR TN o A v B R PR R vk bk
HEER L. ) 7, $E A 22 08 1% oot i 5V (Multi-Way

H R, B i o K i 7 T P ek 2R T A Improved Whale Optimization Algorithm, MWIWOA)
S FC. 9% IE I AER A R G ORHE A T SRENLAR RS A SVML I IR A P R U S R A . iE
VR AU T P R R O, (HOK (L OCHK S MWIWOA X SVM 1 S HOHEAT TR, 42 s Ui Sod B2
Hr A RERAEAL & 5 R B 2 [ SRR BE (AR KA, 6 S TUIORS 2, [R] N i aad S 2 A8 2L ik L =) 4

RSB I B kPRSI TS
HSUEE ) BP A28 [0 4 8 57 5 ok 2R A Y, {5 BP Aif
28 I 28 B T R e A B 8 B i TR T, oA REA
WA S R o Zhi 251V T I 1] 5 5 B T 3ok % 5
VR 8 DU IR, S 1 5 00 U5 AR Fg e ]

B 8 FAZ o o A VR AR A SRR T & AL
(Support Vector Machine, SVM). BP 145 [ £ S5 A 4,
M FREI0 v JE T T A TR ok IR, L AR 2
I Ak B G B PE B B 25, Tian 25 U A T 3 AR STk
(Genetic Algorithm, GA)-SVM 7, F - 7l [& 45 A%
B, {5 GA 1715 5 B O\ 5 24 1) B 55 . Hatami 55"
R A BAIR K REET SVM S5 TR, Tﬂﬁ
EAAE 4 A F2mm PR 28 T 1B A7 TR0, S0 0& 87 FE AR

Er il S F KR AR Ak (Grey Wolf Optimization,
GWO) KL% ki T-#EHL Ak (Particle Swarm Optimization,
PSO) SV B it SVM, FH T+ Tl v i 8 3 Ji b ool =2,

550 yqcy.paperonce.org

P foeJa, LA i REIE IR o 7 T8 T el o S 49,
JETTMBIE FE 34, -5 AT AR AT GE i Fa An Sk
X,

1 P ILhh

1.1 sH&ERAEE

figi£A £t Ak B35 (Whale Optimization Algorithm, WOA)
ST YA e SR S, s B e AR S
5 AU TR A B F AR o e Bl
. SRR & M BENIAE R . dtE N R g, A

R LE d 4SRRI BRIN: Xi = (X1, Xais -+ > Xai)s

i=1,2,...,N . WOA Fa# %77ty ~

DAL EREY . R ERE) ZHT AL TG A &
R XoF A ) R T, B L o) O BE R A A E oz, Rk K
IR




UEIE L, 25 T MWIWOA-SVM i B 1K 4 5 18 J e ol 22 Joi )

Inspection & Integrity | #5555 Bt

a=2-2(t/Tma)
A=2ar —a
C =2n (D
D, = |C Xpeu (1) — X()]

X(t+1) = Xpeu(1) = AD,

s a i, HBUE KRN 2 etk idii % 0s 1 94
ATIERRIREG Toa NECRIERIKEL Cv 4 5051 9
S WA T r N[0, 1) WIBENLELG D, Mt
HAME GBI BE B S H Xoew () D9 2 T G 1 PR A
R AR Bt AL B X XD HRER ¢ 101 Y%
Rl AR E

DRI E . EEIRIERE R, SR
p > 0.5 B EATWRTE Bl BB 10 B, e 2 JEAT 6 FElAC 4

D' = Xpeu(£) — X(0)| (2

X(t+1) = D'e” cosnl) + Xpes (1) 3
b p A [0, 1] ARIBENLEL D oNEE | Rig 555
Z IR RS b IRIE TR i — N & LIRS
., N [-1,1] NEIBEHLEL
DFEHLAEZR . USRI 7 1Al > 1 I, S f 2 R
BE LIS 2= 0 SR B S B REIEARH, RS
A 53 p FEE T e AR R A E T
D, = |C Xana(t) — X (1)) 4)
X(t+1)=Xa(t) —AD, (5)
K D, Mg 5EDEEEEZEG Xana() NEEHL
AR P A SR
1.2 ZHEEN
SVM & —Fh e R &7 1) 70 A%, Befs T HRAEA
Kl (I GEHRFE, B2 113 S BT i AR BT, X ok
ANFEAR AR DL S e AR R R A B S AR AR
AR TN LR BE HLassE 30 SVM i)
WIS ALA 38 I SRR 1) S AR N5 4 1 3 B, FEAZ 7 (A
SHLHIF R T, SVM S350 e 1@ B IURHE 25 8]
LB 08 2R B B HE T BBV SEARIE R AR S AT R L B A5 3
E/SURLSE R LS LR OR Y L G RSV e S i ]
WEHE, e R BRI o ] B G Mo iR s 5 e S 4 ) ) 2 4
KI5, e v iE A
T T S o R T PR e M R SR T

2 lkl dn AR ST R

[ WOA 51 ANV S 727 >« AR e s [A

THRIEENAE, Baifik, Levy ¥AT5K 4 it
FEWG, T2 MWIWOA, $ig 5 502 U S50 5 0 12
W FRAE S, AR SR RE ), BRfEA
RS RA .
2.1 SRS R EEF S

16 WOA 1, AR 46 A7 B A8 FH P B BLALZE B
AEERTUGFP R A7 B VR EL 70 A7 e A o i, 5
BCZE I 0] R, T D U R I 2 R RO s B R
M) WOA S35 I 8RS FE o MR Ve Bk il 81, 5] N Tent
VBV T Bt ) R A R BEY . Tent VRV W B EL A BE ML
k[ P G R AR B A, TS R PR A R A BE Y
5, UG, FE B A 2 ARV . Tent VR I B %
kKA

{ 7,4,
VAR
(1-Z)/(1 -2,

el 2 =0 B, Z, 9 (0, 1) Z FIEOBEHLEG: 2 MRS
35, BUESEEH [0, 1], AT 0.7,

BRI AE RO 5 000, B 7 O SRR B 4
AL DT L, A0 23 S A ] EL MR

1OF,

Z,€1[0,1]
Z, e, 1]

~
(o)
~

0.

0.6

TRIE

i
2000 3000 4000 5000
R

1 Tent BB STRE

Fig.1 Tent chaotic population distribution

FEGIN Tent JRTE BRI 15 517 AL AT 4R T F) 68 i
by BIN R SIHURIMY . 1) 2 SR AN A6
A AR L FR) B I g S DI A SRS g P i 3 L JEE
SR IR PR AR 38 e P RS SI0H P  WAe SOk
FETo SR Ve WS 45 B (R AR A R AT R 2 2
HA AR RIE AN

0 1000

OY(,, = Tyin(r) + Ymax(t) - Zt (7)

K Oy, AERIAZ2IMEIE s Yoy s Yonaxy 73
MR IR _EFR.
3 IR I R S R B S ) 2 ST ML, AT R e e

yqcy.paperonce.org 553




2 5558 | Inspection & Integrity

202545 A HadBESH B LA

PIha A LIS 22
22 JREMESET S BEN R ERE
FEFRE WOA 1, BEEIEAHCEIE N, Sikm %
R TFALRE 1B FEAR, HaRCOD A5, SR T A Bl a
I ZZ AT R REs @ DA il 3 AR R K 0 T 46 42 3 i
WA ks SINARZIENC SR 7 AR S -
2

T

Ao h R, BLLS.

t T Fritk WOA I PEAEEE N 1, 7£—E &
FE LRI T B R Y, Bk ERRES
JRER TR S 1. Sk, 7E R ARt R SR
Bt b B — T [ 0 A SR, 0 B 4 SR
WG 5T 5 P, XA B R e
AENLHIEAT R 2. HIENALE S, S, MEFR
kN

(8

{S, = —r[cos(mtt/Tax) — 1] (9)

Sy = rlcos(mt/Tax) + 1]
o AREF G BLO.5.

1.0
0.8

0.6

AL A

0.4

0.2

0 5I0 l(I)O IISO 2I00
HARREL
B2 BHENNEMERBRET R
Fig.2 Adaptive weight variation curve with iteration count
BEIEACEG N, S, ALt iy, xf 303D HiR e
fr BT ST, B AL A A R R B 4 T
LAFE 7 i e A BAE Bl S, ARLRIE IR, 72 HT 3 PR 15
2 JR) R BE AT, Ja PR i Sk HL 3R A B e RS T
AL A R S BT IR R 5 5 1 S ARAF AR K S AT 1
P &, 4 e Sk AR e R . BN AR 2R PRI SRR 7
H I& R E S ¥ WOA o & R ik :UA:
Xpest (1) = S-AD;, p<0.5 |A|<1
X(t+1)= {and(t)—SzADz, p<<05 JAl=1 (10D
D'e? cos2nl) + S | Xpew (1), p=0.5
23 B
1 it B R IR e L 2 K 30 17 # 5
5, MREREE D BN BRI, 22 fmr

554 yqcy.paperonce.org

R B 0 o B 4 25 ( Simple Method, SM) 1 #% i]
AL HAARAE R, &P RN Sl
S WK B R S AR i ok — AN IR i B AR
ZMREC T EAR RN WRE N, BRI R
TR 7. BATE kAR R 7 AT T AR
HEE 3D,

mILA g

TR IR 9

AR b

3 BARKRRERRTEE
Fig.3 Simplex method search for update points

AR ZR R S B, BAl I b IR R

THE AL M g B M w- AL A by B K
ZRRAEP O ¢

DB R tHEMS S k= c+alc—w), a NBL
Sk A HUE, B 15,

D ik R . B w>e, M Gk A
o=c+B(r—c), BNHKRE, W 3. & o>g, N
Wik AR E B 2 R, ez R RO R 2 A

DFEIL R g>k, R UL BRI T7 A £ iR
W HEAT 1) 9 R4 g = c+ X(w—c), X N EREL I
0.5, # > w, WA 4 AR e 2 e A w<<k<<g,
MBEAT R AMRYE s =c—X(w—¢) o BAFTE s>w, NIE
PSR R s AR B 22 1, R TR s B AR

e S 3k A% TT DAARE B 72 A 1) T A RTAT AR REAT 1 -
Pa sk A mT DA B A1 5B ) 48 R B i 2 s S Y T
AT R 2 AT 545 S0 RO A $R kIR AT B
1% G TT JR IR AB AL, SRIUEE 2 AT 4T s 5 R B4k
AER 2 A R AL B . Bl S R AR T LR
g tn SR AR TR AE 05 FO0RE 1, AEFNEE A 0 J=) s gk
A7 B B YU B A R d B N R R R A
2.4 ETHRETIERSHER

7E JR 4f WOA o, /<3 05 e 1l & By B fid 1 23 4R
AW 7 R AT WE e or B W, BRIE S 1 [-1.1]
Z B BB T E VO BN, 394 T BRI AR
FREST . ARG, 254 S kAT, RA R




UEIE L, 25 T MWIWOA-SVM i B 1K 4 5 18 J e ol 22 Joi )

Inspection & Integrity | #&illl 5 5 8 1%

(795K L AR BHE S B 1. S AT R — R B AL
K T R T BB R o Lo TS 2
7 99 4024 AL LS L T LA AL
BAE

X®|v”“| (1

= I'(1 +«)sin(km/2) am
T'((1+k)/2)2x=Di2g

0,=1 (13>

Kby NERGERE T us v RN ES AR, u~
N(0,0%),v~N(0,8) ; k ]9 [0,2] WIIHE B 1.5,
g\ Ja S g e B A XN

X(t+1)=D'e"  cosnul) + S 1 Xpext(?) (14
3 MWIWOA-SVM il 5554
SVM [8] U3 Fl 52 4% bR 50 250 y DL RFETT A7 C

(B §2 00, A, SR H MWIWOA X 4> 5 8 2 5
BAT T B2, T R 25 DR 2 ) ELAH 52 e 20 1) A,
Xof R U AT 3 — A AL B, TR n NEEAR (3, ),
i€[1,n], INEE x; =[x, X .o, X s 0 S TR W] (]

s e AE | SRBAERIEE kI 2R Ximins Ximax
I3 MR ke AL R R R B ME S KB xR
Wb ER S A3 B IFE A o

X S HOHAT VIR I A S HOEAT IR E T,
HRAE (6D TV WG S 17) 2% I W) aR Ak Fp i, 48
R E RN A AMEERE £, il Y ardn S
B E Xiaderr DL (8. (O, RADFEH S %
av Ay S\~ Sy Lvo BENEL, AW S HE, &
p<<0.5 H |A| <1, @47 B S HLE]: 5 p<0.5 H
Al > 1, W7 REHLAE ZRALH], = C10) X b fe A B
AT 45 p > 0.5, WIEAT S MR e 4l & AL EAT
i, 4G OGS BT R HE 20 (14) 380 fi £ 47
TR AL B HEAl EARYE B Al R AL B i 2 AR, X
AT R E MK Xieaser BEAT HBT . EHEFILW L
IEAREA, AR G I B A A o

¥ FMAARR y. CAHRN SVM [H] IH i ) A A
e, B T — Ak R BOE R 42: 8 1 B B R4 D 2
5 2. %ﬁﬁﬁ@ﬁ%?A%ﬁA fd
MATLAB 12 1T % A% 284, i H ¥ i 8 T8 4 3 ol ok 26
TAE CE 4.

DR LA [ AR AR B SR e, R T3 4E 0
4y tL iR 2 MAPE. #3) )5 #R % 2 RMSE. R & & ¥ R’
F 0B B Dy B0 0IE VA5 A5 LR 5 0 45

| Tont IR 127 T WU AR B |

| Wit MWIWOA Skt 54 |

=L
Xik — Ximin
x,-k* = i ( 15)
Ximax — Ximin
IR
T Hs b3

M 4E
p<<0.5
14|<1

FIWTHER p.
WSl H T 4

p<<0.5

=05
» 4=1

[ wmmn | [Lew Unmiemenn] | whgz |

VRS SVM [l )5 Tt A A

| mgimesE |
| SRS i AR | =

RATIS B
T e

IEAREAT

4 ET MWIWOA-SVM REH8 R EIB AR R ETNRIZE
Fig. 4 Flowchart for predicting internal corrosion rates in submarine pipelines using the MWIWOA-SVM model

yqcy.paperonce.org 555




2 5558 | Inspection & Integrity

202545 A HadBESH B LA

4 A 53 H

4.1 FIEERR
FE - A i v T TR W T FE A |6 SP74-
FPSO & 18 B P & 85 Dl il G 7 45 31 DL R g v

T& 387 5 00 H B A Y T e, R B S0 4LiE I T
EE N o BT R R B . BRI X RAR
71 Xon CO, 73 JE Xyn pHAH Xn /UL E Xsn CL7J
I8 X CO, Ji IR X,» HCO, it & 20 5 Xi &K

T Xow W HHE R X, (R D,

Table 1 Original data of internal corrosion rate
FEAFE  X/C  X/MPa X/MPa X, XJ/(ms) X/(mgL" X/(mgLl" X/(mgL™" X, X/(mm-a")
1 63.9 243 0.0327 5.61 0.651 7 680 26.2 60.5 146% 2.8385
2 62.4 2.11 0.0319 522 0.657 6 940 24.6 57.3 138% 2.6325
49 54.4 2.31 0.0326 537 0.513 6 080 154 514 136% 2.266 8
50 56.2 1.73 0.0312 542 0.494 6510 15.9 53.6 131% 2.273 1
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Table 2 Comparison of relative errors in internal corrosion rate predictions across various models

JE R/ (mmea ) FatiR 2
SEWE SVM PSO-SVM  WOA-SVM  MWIWOA-SVM SVM PSO-SVM  WOA-SVM  MWIWOA-SVM
22668 24911 2.168 8 2.3285 22704 9.910% 1.17% 1.94% 0.99%
3.100 7 2.8849 3.203 1 3.0107 3.0575 6.960% 3.30% 2.19% 0.89%
2.6215 2.6944 2.486 4 2.738 6 2.6337 2.784% 5.15% 4.03% 0.46%
2.5549 25964 2.605 5 2.6390 2.5880 1.634% 1.98% 1.63% 0.56%
2.6271 2.6304 2.676 5 2.578 3 2.626 8 2.254% 3.32% 2.38% 0.01%
2.6513 27367 2.5928 2.6167 2.6310 5.240% 3.70% 1.73% 0.77%
2.6313 2.696 4 2.660 7 2.678 4 2.6510 2.470% 1.12% 1.83% 0.75%
2.6325 27021 2.6873 2.567 6 2.624 5 3.176% 2.94% 6.23% 0.31%
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Table3 Comparison of prediction performance index
parameters across multiple models

A RMSE  MAPE D R
SVM 1.1278 11.24% 09033 0.7011
PSO-SVM 05656  5.17% 09514 0.844 1
WOA-SVM 01201 8.05% 09618 09175
MWIWOA-SVM  0.0271  1.48% 09948  0.9837
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