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A B S T R A C T

In an offshore platform, many modules and equipment are placed on the limited space called topside, so that the
space should be used efficiently. Furthermore, a sufficient space between equipment should be provided for the
operability, maintainability, and safety. To guarantee suitable arrangement design, there are many require-
ments to be considered such as international codes and standards, including owners’ own requirements.
Meanwhile, the arrangement design of an offshore topside tends to rely on experts’ knowledge and experiences.
Due to the heavy dependence on experts’ knowledge and experiences, consequently, a different arrangement can
be derived according to a personal disposition, in spite of the same requirements. In addition, an unacceptable
arrangement can be derived due to the omission of some requirements by a designer. To solve such problems,
an expert system for the arrangement design of an offshore topside was proposed based on an arrangement
evaluation model (AEM) in this study by expanding the previous study of authors for the arrangement design of
a submarine. In addition, an arrangement template model (ATM) was proposed to store various data on the
arrangement design of the offshore topside. To evaluate the applicability of the proposed expert system, a
prototype program consisting of the AEM and the ATM was also developed here. Finally, this program was
applied to a problem of a large FPSO topside. The results showed that the proposed system can be used to
evaluate the given alternatives for the arrangement design of the offshore topside.

1. Introduction

1.1. Arrangement design of an offshore topside

An offshore platform is a large facility which produces oil and gas
from offshore oil and fields. The offshore platform has the limited space
called topside, as compared with an onshore plant. Many modules and
equipment are placed on the topside. Thus, the space should be used
more efficiently and compactly. Furthermore, a sufficient space should
be provided for convenient operation and easy maintenance of the
modules and equipment. In addition, the safety is a critical issue as
accidents would result in significant losses of human lives and proper-
ties, and cause huge environmental impact. As a result, an arrangement
design of the offshore topside is one of key processes of engineering
activities for constructing the offshore platform in order to achieve the
operability, maintainability, and safety.

Among various types of the offshore platform, an FPSO (Floating,

Production, Storage, and Offloading unit) is a representative type
which produces oil and gas in deep water. It is made up of two parts:
topside and hull. The topside, like chemical plants, produces and
offloads crude oil and gas, and the hull, like big tanks, stores the
produced oil (Hwang et al., 2010). In the FPSO topside, various
modules and equipment are installed in order to separate oil, gas,
and water from well fluid, to produce oil and gas, to store them in
internal tanks of the hull, and to offload them on other ships. Here, a
module (e.g., separator, living quarter, flare tower, etc.) can be
regarded as a system or a group of equipment which performs a
specific function such as separation, accommodation, gas combustion,
and so on. And the module includes several equipment. In the module,
the equipment are located on several decks, that is, multiple decks, in
order to use the limited space efficiently and compactly. That is, the
FPSO topside includes several modules having specific functions. In the
module, many equipment are installed on multiple decks. Each module
is constructed individually and integrated with the FPSO hull in the
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shipyard. Thus, the arrangement design of the FPSO topside can be
divided into two stages (Ku et al., 2014). The first stage is the module
arrangement. The second stage is the equipment arrangement in the
module.

1.2. Research background

There are many international codes and standards providing the
general guidance and criteria for the arrangement design of an offshore
topside. And owners have their own requirements based on their
operational philosophy and site characteristics of the offshore platform.
Consequently, the arrangement design should satisfy the international
codes and standards, and the owners’ requirements without their
omissions. Meanwhile, the arrangement design mainly depends on
experts’ own knowledge and experiences. Delay in design can occur
when there are missing considerations or when experts are absent. And
there exist many alternatives during the arrangement design.
Therefore, it is required to evaluate the arrangement alternatives
quantitatively and to select the best alternative. An expert system can
be one of the alternative solutions to such problem or process. If the
expert system is well developed and is applied in the stage of
arrangement design, it can be used to evaluate the feasibility of an
arrangement design alternative instead of relying on experts for each
design alternative. Thus, an expert system that can systematically
computerize experts’ knowledge, and can evaluate the feasibility of
alternatives for the arrangement design of an offshore topside was
developed in this study.

1.3. Related works

The expert system has been adopted for various fields of research.
In this section, a summary of the past studies, related to the arrange-
ment design in the fields, including naval architecture and ocean
engineering is described.

In the field of the ship design, Byun (1998) proposed a rule-based
expert system based on a knowledge base for supporting initial ship
design such as compartment design at the initial design stage. He
constructed a knowledge base for deciding principal dimensions of a
ship to obtain the maximum volume of cargo that can be carried by a
ship as per the owner's requirements and the pertinent international
regulations. In addition, he constructed a knowledge base for deter-
mining the arrangement of compartments. Shin et al. (2002) proposed
an expert system for the arrangement design of machinery in a ship.
They made rules for the arrangement design of the machinery, from the
relation between the equipment to the owner's requirements, the
insights of the designer, etc. When evaluating the rules for coming
up with design alternatives, they also considered fuzzy rules. Finally,
they developed a new algorithm for the arrangement design of the
machinery using the expert system. Helvacioglu and Insel (2005)
proposed a multistage expert system for the arrangement design of
compartments of a container ship. With the expert system, they divided
a container ship into several large blocks called function groups, and
initially arranged them to determine the compartment arrangement. By
considering more detailed data, they derived the final arrangement of
the compartments of the container ship. They used heuristic knowledge
and rules for the container ship in the expert system. Chung et al.
(2011) proposed an optimization method of compartments in the
pressure hull of a submarine with a rule-based expert system. The rule-
based expert system was adopted to evaluate alternatives for the
arrangement design of the submarine. The evaluation values called
feasibility indices for the alternatives obtained from the expert system
were used as an objective function for optimization. If a certain
alternative violates a rule, a positive penalty is added to the value of
the objective function of the alternative. Shin (2013) proposed a
method for the arrangement design of a naval ship by considering its
survivability at the initial design stage. The SLP (Systematic Layout

Planning) method was used for analyzing the relation between the
equipment in the naval ship. Then an arrangement method for
generating alternatives and evaluating the feasibility of them was
proposed. The SLP method differs from the expert system in that the
method decides the arrangement using the relation matrix between the
equipment, but as such matrix is made by an expert, it is somewhat
similar to the expert system. We proposed an expert system based on
an arrangement evaluation model (AEM) for the arrangement design of
a submarine in the previous study (Kim et al., 2015). The AEM was
proposed as an expansion of the rule-based expert system. In addition,
an arrangement template model (ATM) for the submarine was
proposed to store the arrangement data of the submarine. However,
the detailed attributes (e.g., order, orientation, etc.) and the group
arrangement of objects to be arranged could not be represented as a
rule in the previous study.

In field of the offshore platform design, Pek (1990) developed a
rule-based expert system called AIDOCS (Artificial Intelligence in the
Design Of Complex Structure) for the preliminary design and analysis
of fixed offshore topside structures. The developed system assists
structural design such as the selection of topside configuration and
computation of primary member sizes. In his study, however, only
objects were represented as rules by using the Semantic Triples and the
relation among the objects could not be addressed. His study did not
introduce any fuzzy logic to evaluate the feasibility of each rule and a
designer had to input all rules as a form of IF-THEN phrases by
manually. Soh and Soh, (1990) developed a rule-based expert system
called IPDOJS (Interactive Preliminary Design of Offshore Jacket
Structures) for the preliminary design of shallow-water offshore jacket
structures. The developed system is capable of configuring and auto-
matically generating the basic structural model of a fixed offshore
jacket structure for analysis and design. Soh and Soh (1991) developed
a rule-based expert system called IPDOTS (Interactive Preliminary
Design of Offshore Topside Superstructures) for the preliminary design
of fixed offshore topside structures by extending their system
(IPDOJS). With the use of this system, the basic structural configura-
tion and preliminary structural model can be automatically generated
and sized. However, these studies also considered only objects to
represent rules and the relation among them could not be represented.
In addition, these studies did not introduce any fuzzy logic to evaluate
the feasibility of each rule and a designer had to input all rules as a
form of IF-THEN phrases by manually. Ku et al. (2014) proposed an
optimal arrangement method for a generic liquefaction system of an
LNG FPSO. An arrangement problem was formulated mathematically
as a constrained optimization problem, than it was applied to the
liquefaction system of the LNG FPSO and solved with the genetic
algorithm. Jeong et al. (2015) proposed an optimal arrangement
method of an FPSO topside. Optimization problems for the module
arrangement and the equipment arrangement were formulated and
then solved with the genetic algorithm. Above two studies proposed the
optimal arrangement method of the offshore topside which regards
various arrangement considerations such as expert's knowledge as
constraints during optimization process. However, it is difficult to
reflect additional considerations or changes on the existing problems
flexibly and efficiently without the modification of the optimization
problems.

In the fields of other design, Yang and Hung (2007) proposed
multiple-attribute decision making methods for an arrangement design
problem of the integrated-circuit (IC) packing plant based on the
TOPSIS (Technique for Order Preference by Similarity to Ideal
Solution) and the fuzzy TOPSIS. The TOPSIS is the technique that
can choose an alternative which as the shortest distance from the
positive ideal solution and the longest distance from the negative ideal
solution. Using two TOPSIS, the preference of the arrangement
alternatives were found. Mirhosseyni and Webb (2009) proposed a
hybrid fuzzy knowledge-based expert system and the genetic algorithm
for efficient selection and assignment of the material handling equip-
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