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A Study on Weight Estimation Model of Floating Offshore Structures

using Enhanced Genetic Programming Method
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The weight estimation of floating offshore structures such as FPSO, TLP, semi—Submersibles, Floating Offshore Wind Turbines etc, in the
preliminary design, is one of direct measures of both construction cost and basic performance, Through both literature investigation and
internet search, the weight data of floating offshore structures such as FPSO and TLP was collected, In this study, the weight estimation
model with the genetic programming was suggested for FPSO, The weight estimation model using genetic programming was established
by fixing the independent variables based on this data, In addition, the correlation analysis was performed to make up for the weak
points of genetic programming; it is apt to induce over—fitting when the number of data is relatively smaller than that of independent
variables, That is, by reducing the number of variables through the analysis of the correlation between the independent variables, the
increasing effect in the number of weight data can be expected, The reliability of the developed weight estimation model was within 2%
of error rate

Keywords : Weight estimation model(E2F 4 R2), Genetic programming(RX1A T2 73219) Offshore structures(si w2 2),
Correlation analysis(AfEt £4)
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Table 1 The relationship between variables according
to Pearson correlation coefficient

Absolute value of Pearson . .
. . Relationship
correlation coefficient
1.0~0.7 Strong
0.69~0.4 Moderate
0.39~0.2 Weak
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Weight Estimation Model
Using the Genetic Programming Method

Input GP

Module Module Module

Fig. 2 Configuration of the program for generating
the weight estimation model

5. FPSO AfRe] 52 53 2 sjt of

Fig. 3 General system of FPSO (Teekay Offshore)
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2 dFolMe oY T2 2iHE 0185101 FPSO A
Fo| 3% M RES L5, offollM 1 ZIE 71=F
5| 2IHSIRACE

FPSO= 3A Mxll(hull)2F Atopsides)e| & F2O=Z LI

S=lojof she M=ol k2 FYsks 7|2t =, Hlete 32t

Table 2 Principal particulars of 11 FPSOs used in this study

| B2

|S0] Bj%|=[ojof Sl2=

2k == (weight

FPSO L B D T H_LWT DWT S_C Oo_P G_P W_P Crew | T_LWT
[m]| [m]]| [m]| [m] [ton] [ton] [MMbbl] | [MMbopd] | [MMscf/d] | [MMbwpd] [ton]
A 310 | 61 31 23 70500 303669 2.0 0.19 530 0.42 220 37000
B 310 | 61 32 24 75750 353200 2.0 0.16 500 0.42 180 27700
C 285 | 63 32 24 56300 340660 2.2 0.25 400 0.42 100 24400
D 285 | 63 32 25 56300 340660 2.2 0.25 400 0.42 100 24400
E 310 | 58 32 23 56000 360000 1.8 0.22 380 0.40 120 24000
F 325 | 61 32 25 82000 346089 1.9 0.20 150 0.38 240 37000
G 305 | 61 32 24 63490 350000 1.8 0.16 650 0.38 240 36300
H 320 | 58 32 24 68410 337859 2.2 0.25 450 0.45 130 34000
| 300 | 60 32 23 52500 416000 2.0 0.24 440 0.41 160 30000
J 269 | 51 29 19 40600 129193 0.9 0.09 670 0.02 100 16100
K 300 | 60 31 23 48000 350000 1.8 0.20 440 0.39 135 25000
5.1 FPSO &7e| 3% FY= flet A= =AL of HPE MEBIICE Table 4= AlEH A Zuje| YRS Lt
H Zdolct,

= AFoME B Y 2H2 LS

£ FHsIich =a2TE e oo
X

Plofl oM X Xz
BIE Y= Aol 2ot

=2 =

S
2 29 Jidol Hskt 2ot 52| o|R= ofz{F|

Table 4 Correlation analysis between independent
variables and topsides weight (7 variables

=
o I —
20| 2 ATOME SIE EE 25 28 ZAE S5 Table 2 were partially represented)
of 20| & 1132 FPSO AIM X122 &E5I9iCt oIS = 10 L DWT | SC | TLWT
. _ . —n - Pearson 1.00 059 | 046 | 081
Ho| Xz 22 3H DUS BlSY| 93t 54 AREM 28 Correlation | ' ' '
5191, 1Mo XjRE JHgkE 2k 33 pulo] AZS 9|5 A L (5’:{;::3) - 008 | 0.18 | 0.00
Z R22M &2sl%ct. n 10.00 10.00 | 10.00 | 10.00
0f7|M, FPSOQ| =2 H|§iu} BHAEl H=2A MA| 2ol L, CZrer?erI:(’?ign 0.68 083 | 087 0.67
£ B, 20| D, 2 T, MAl S HLWT, XMzt S DWT S0| -
T p-value | g3 000 | 000 | 003
Muslplon Txgo| 82 U NS T2 9lst Haen (2-tailed) | © ' ' '
Rz 82 S.C, 22 MM OP, 7k MAZ G P, 2 FolZ n 10.00 10.00 | 10.00 | 10.00
o - n Pearson | ) gg 044 | 052 | 078
W_PO| MHE=|QICt BOZ Crews diF 229 2 olfls Correlation : : : :
LIERACE HLWT (gjtvaﬁ:gg) 0.00 020 | 0.13 | 0.01
. o n 10.00 10.00 | 10.00 | 10.00
Table 3 Independent v.ar|ablesl for the estimation c@ﬁiﬁii’ign 0.59 | 00 0.83 0.53
model for topsides weight of FPSO
) DWT | p-value | gg 000 | 0.12
Independent variables (2-tailed) : : :
n 10.00 10.00 | 10.00 | 10.00
L, B, D, T, H_.LWT, DWT, S_C, O_P, G_P, W_P, Crew Cz(l?rzrlzsa(tjign 0.46 0.83 1.00 0.51
s-C (gjtvji:gg) 0.18 0.00 0.14
5.2 Ak BMg E3F £2] H4EDlY ZEh) AMA n 10.00 10.00 | 10.00 | 10.00
coearson | 0.64 090 | 095 | 060
H o = HHHO E2| H4AT| A== A _
= A70lM= Pearson WO 2 =8| Big7t ARUTE AE W_P (g—tvaﬁ:lég) 0.05 0.00 | 000 | 0.07
slodon] Akab A2~ o|AkO|Bd B~ A e M A
SIend, &2t ATt 0.5 olold e Aojol] o= H= M n 10.00 10.00 | 10.00 | 10.00
& 297} 243, 0.7 ollofet 4 Ajoloi| o LB e 2
7=” }'AA—'—, 0.7 |o | T |—O|O{| }“l‘ EIJ Czﬁ-aeﬁ:%gn 0.65 0.28 0.11 0.84
A7 s Aoz HeksIgict 2 oAM= A 7l =23
_ o - e e CREW|  p-value | 4 043 | 076 | 0.00
#Z 0|51 FPSO o S0l H&ks n|x= =gl Heso (2-tailed) : : : '
AT EMS SYSIon, O 2t MR AT 22 491 TN 0 10.00 10.00 | 10.90 | 10.00
4 CHSIEMEISI=2F] B|52 & 15 20154 22
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£, 7ol &E, 0|59 =& LIEfHCE

ot 24 Z20E 2835101, Table 50l Z0| Ak A%
0.5 o4k, 72| =5 0.15 olstel 77He| =Bl HaEs REA
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Table 5 Independent variables for the estimation model
for topsides weight of FPSO generated from
the correlation analysis

Independent variables

L, T, H_LWT, DWT
S_C, W_P, Crew

Best fitness: 68.1415 found at generation 298

Log Fitness

1 1 L 1
0 50 100 150 200 250 300
Generation

ay

g. 4 Fitness of each generation of the estimation
model for topsides weight of FPSO (Log :
Natural logarithm)

T LWT=15800—0.133(S_C— v/ VW_P (4)
CREW

S.C

—0.1264 « L+ VvV W_P +sin(L)

o sin(4/sin(Z)) « (sin(sin(

= L
9] ML‘.|—_ +m 08671) W_P . CREW)
) sin(Z)
. . e (sin(ZL)—0.1223 « L+ —
Table 6 Parameters of genetic programming for (sin(L) sin(0.5405 « CREW
devgloping Ithe estimation model for +2.306) « (sin( CREW)_0_1164 . I
topsides weight of FPSO SZC
Function +, -, X, =, sin, cos, exp, v/ +sin(sin(L))+m)
Terminal L. H_LWV\/L, [C)IY\Q\-/\/ 5.C,
- 047|M, =IO T_IWT= FPSO AMRe| £ F2kS LIEKHC]
Population size 300
Max generation 300 5.4 MAME| =& k ='<K-I Ddio| A=
Reproduction rate 0.05
Crossover probability 0.85 Table 7 Comparison between the actual and
Mutation probability 010 estimated weight for FPSO topsides using
10 FPSO data
Max depth 4 Actual Estimated
FPSO weight(A) weight(B) Ratio(A/B)
TN =27 g S 0|83510] B FH RES MM [ton] [ton]
m Zt Micholl w2 MEtE= Fig. 42F 2ok 0f7|M MEtEE 5 A 37,000 36,997 1.0001
& =2 £ ZHo| 3L H(FPSO ARl I, TLWNE B 27,700 27,681 1.0007
dop} 2 FHSI-LEE LiEk = T8 HERD 2 2d7olA C 24,400 24,414 0.9994
= 27M(interpolation) 2| M&TE THoksi=H| 715 Y| ALS D 24,400 24,414 0.9994
=1 2= RMSE(Root Mean Square Error)E Z|A7} =[5 5} E 24.000 24.156 0.9935
R Al (3)nh 2ok F 37,000 37,044 0.9988
G 36,300 36,240 1.0016
) H 34,000 33,973 1.0008
RMSE= |7 Zl z;)] ©) | 30,000 29,974 1.0009
y(xi) @ iEdm THEI O] AlR| Bzt J 16,100 15,984 1.0073
gx) © i ThRIEe] 2N Bt Avg. 29,090 29,088 1.0003
ngen : M| MlcH= R2 - 0.9999 -
JSNAK, Vol. 52, No. 1, February 2015 5
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FPSOol| Chet & 1082] ahs XI=(FHA Z2TY 2iHE QUch A EME HMESH 4, =5 HoEyt 252 of S&
0|35l 5F FH ZHES Y| &l €88 A= =8, B0} T H710| My 1| E EAEcEZM Al I| 2
Table 70M HEBCRT Z&Es5IUZ)2t 122 AZ AtR(dY HE HMHslo £ zHe| MREE =Y £ oot &, |1
H B2 &Y Do REME Wolkp| fll Z2E XE. B H Z20d eSS o|Sst B FH TH MM diHof| AR
FY DU g MMSH= o= 285X 22 Ae)E &83510 EME MES 4R, HEEel Anr 3 AT E HWIsio]
S FH RS JiLsiict HA|, ZH FPSO Ao AN B Ol& & 2 dM I|HMo| dldstoza, FMA =272
2 &Y ZUZHE 5 =Y S d|Wsio] O RO 4 aiH(AE BA 0|ME)ollA] sk HO|E(7t 5T 4T WMg
519 2n, Table 70l 1 Z2E LIERARICH T AU overitting BHIE SHZE = U222t MZH=C)
Table 70M B 4= U%0|, AX Sz FH el Hle H
2 1.00030(%120q, ZH H=(R2)= 0.9999%Ct. 12|22 Fig. Table 9 Comparison between the actual and
5 AXMM =2t =X =2ko| xj0|E Jglo=z LIERH Zio|c} estimated weight (without and with
correlation analysis) for FPSO topsides
40000 using 10 FPSO data
25000 y = 1.0004x P Without Correlational | With Correlation
20000 RZ = 0_9999./',,/ Avctual Analysis Analysis
25000 o FPSO weight(A) | Estimated Estimated
P [ton] | weight(B) | Ratio(A/B) | weight(C) | Ratio(A/C)
20000 e [ton] [ton]
15000 * A | 37,000 | 36,951 0.9987 | 36,997 1.0001
10000 B | 27,700 | 27,672 | 0.9990 | 27,681 1.0007
5000 C | 24,400 | 24,352 | 0.9980 | 24,414 | 0.9994
0 D | 24,400 | 24,383 | 0.9993 | 24,414 | 0.9994
0 10000 20000 30000 40000
E | 24,000 | 24,063 1.0226 | 24,156 | 0.9935
Fig.5 Differences between the actual and estimated F | 37,000 | 36,918 | 0.9978 | 37,044 | 0.9988
weights of FPSO topside G | 36,300 | 36,318 1.0005 36,240 1.0016
H | 34,000 | 33,906 | 0.9972 | 33,973 1.0008
J2|0 B FH ZEs HLsh| 95l 288 1052 | | 30,000 | 30,059 | 1.0020 | 39,974 | 1.0073
FPSO Atz 200l 13| XIS M JiEkEl 3 2| REA J | 16,100 | 16,093 | 0.9996 | 15,984 | 0.9998
ASo| 23519t 1 Z1k= Table 8z 2}, Avg. | 29,090 | 29,072 | 1.0011 29,088 | 1.0003
R2 - 0.9987 0.9999
Table 8 Comparison between the actual and
estimated weight for FPSO topsides usin .
. 9 P 9 Table 10 Comparison between the actual and
additional FPSO data . . . .
ot T estimated weight (without and with
£PSO Weichl: A) weight (B) Ratio correlation analysis) for FPSO topsides
9 9 (A/B) using additional FPSO data
[ton] [ton]
K 25,000 25,080 0.9997 Without Correlational With Correlation
Actual Analysis Analysis
FPSO| Weight (A)| Estimated Ratio Estimated Ratio
5.5 7|& 47 HiH(AK B o[&)1jo| H|m lton] | weight (B) | 7% | weight (©) | 1,7
[ton] [ton]
2 FojL Mal o7 soied SME Zaomue ojgsk K 25,000 24,928 | 0.9971 | 25,080 | 0.9997
S FY Zd ZD} (Um et. al, 2013)2 A 2ME M85t o _
NSl B 23 2eo| AfS MDA} ik 6. 22 ¥ &= o7 A=
Table 90llM £ = ARO[, At EAo| M22 &3l 2E &
2 = Dol xotes Bgo| =5 EQIo2N O MLt 2 ATz A 7| chHOIM FR/A Y Ax=2
=2, 5 Z2Y AFR2)Ql ol O g2, ZoE ¢S F UUCE =2 =3 pUS 75| Qs M SXAH Zzaag of
£ESH Table 1001 LIER-T 2UX0I, F7H1H{(K FPSO)ol| Chgt Bl 25190Ct 3|, SB w47t AR BMS S5 Als dsits
Zo} dA| A BAM S MBS A0| O 55 231 EE3IN Hoteo 2 ol 75 E%on, 0|E sl Hlo[E{e] £of
=2 & & ot Hlol =& 0| 5Tt HE o Letd = Qe f88 Z23
6 CHEEEAMSISI=2F] K52 & X 15 2015 22
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