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ABSTRACT

In the initial design stage, the technology for estimating and managing the weight of a floating
offshore structure, such as a FPSO (Floating, Production, Storage, and Off-loading unit) and an
offshore wind turbine, has a close relationship with the basic performance and the price of the
structure. In this study, using the genetic programming (GP), being used a lot in the approxi-
mate estimating model and etc., the weight estimation model of the floating offshore structure
was studied. For this purpose, various data for estimating the weight of the floating offshore
structure were collected through the literature survey, and then the genetic programming method
for developing the weight estimation model was studied and implemented. Finally, to examine
the applicability of the developed model, it was applied to examples of the weight estimation of
a FPSO topsides and an offshore wind turbine. As a result, it was shown that the developed
model can be applied the weight estimation process of the floating offshore structure at the
early design stage.

Key Words: Genetic programming, Offshore structure, Symbolic regression, Weight estimation
model
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Fig. 4 Example of the crossover operation of genetic
programming™
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Table 2 Principal particulars of 11 FPSOs used in this study
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Table 3 Independent variables for the estimation model
for topsides weight of FPSO

Independent variables
L, B, D, T, H LWT, DWT
SC,OPGPWP

Crew

Principal dimensions

Capacity

Crew number

Table 4 Parameters of genetic programming for devel-
oping the estimation model for topsides weight

of FPSO
Function +, —, X, +, sin, cos, exp, R
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Population size 300
Max generation 300
Reproduction rate 0.05
Crossover probability 0.85
Mutation probability 0.10
Max depth 4
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Table 5 Comparison between the actual and estimated
weight for FPSO topsides using 10 FPSO data

Actual Estimated
FPSO weight(A) | weight(B) | Ratio(A/B)
[ton] [ton]
A 37,000 36,951 0.9987
B 27,700 27,672 0.9990
C 24,400 24,352 0.9980
D 24,400 24,383 0.9993
E 24,000 24,063 1.0226
F 37,000 36,918 0.9978
G 36,300 36,318 1.0005
H 34,000 33,906 0.9972
I 30,000 30,059 1.0020
J 16,100 16,093 0.9996
Avg. 29,090 29,072 0.9995
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Fig. 7 Differences between the actual and estimated
weights of FPSO topside

Table 6 Comparison between the actual and estimated
weight for FPSO topsides using additional

FPSO data
Actual Estimated .
. . Ratio
FPSO Weight (A) | weight (B)
(A/B)
[ton] [ton]
K 25,000 24,928 0.9971
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Table 7 Independent variables for the estimation model
for topsides weight of FPSO in the genetic
programming and the statistical method

Independent variables
L, H_ LWT, DWT, S_C,
W_P, Crew
L, B, D, T, H LWT, DWT,
S C,O0 P, GP WP Crew
L, H LWT, DWT, S C,
W_P, Crew

Statistical method

Genetic programming

Genetic programming
(for comparison)
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Table 8 Comparison between estimated weights for
FPSO topsides using the statistical method and
the genetic programming

FPSO Data (K) Weight (ton) Ratio
Actual weight 25,000 1.0000
Statistical method 21,678 0.8671
Genetic Programming 24,928 0.9971
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Table 9 Independent variables for estimating total weight
of offshore wind turbine

Independent variables
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Table 10 Parameters of genetic programming for
developing the estimation model for total
weight of offshore wind turbine

Function +, —, X, +, sin, cos, exp, \
Terminal TH HD,RD,NW
Population size 300
Max generation 300
Reproduction rate 0.05
Crossover probability 0.85
Mutation probability 0.10
Max depth 4

Best fitness: 296.4954 found at generation 299
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Fig. 8 Fitness of each generation of the estimation
model for total weight of offshore wind turbine
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Fig. 9 Differences between the actual and estimated
weights of offshore wind turbine
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