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ABSTRACT 

Traditionally, the design process of a hull involves simulation using clay models. 

This must be done cautiously, accurately and efficiently in order to sustain the 

performance of ship. Presently, the current technology of Computer Aided Design, 

Manufacturing, Engineering and Computational Fluid Dynamic has enabled a 3D 

design and simulation of a hull be done at a lower cost and within a shorter period of 

time. Besides that, automated design tools allow the transformation of offset data in 

designing the hull be done automatically. One of the most common methods in 

constructing a hull from the offset data is the skinning method. Generally, the 

skinning method comprised of skinning interpolation and skinning approximation. 

Skinning interpolation constructs the surface perfectly but improper selection of 

parameterization methods may cause bumps, wiggles, or uneven surfaces on the 

generated surface. On the other hand, using the skinning surface approximation 

would mean that the surface can only be constructed closer to data points. Thus, the 

error between the generated surface and the data points must be minimized to 

increase the accuracy. Therefore, this study aims to solve the error minimization 

problem in order to produce a smoother and fairer surface by proposing Non 

Uniform Rational B-Spline surface using various evolutionary optimization 

algorithms, namely, Gravitational Search Algorithm, Particle Swarm Optimization 

and Genetic Algorithm. The proposed methods involve four procedures: extraction of 

offset data from line drawing plan; generation of control points; optimization of a 

surface; and validations of hull surfaces. Validation is done by analyzing the surface 

curvature and errors between the generated surface and the given data points. The 

experiments were implemented on both ship hull and free form models. The findings 

from the experiments are compared with interpolated skinning surface and 

conventional skinning surface approximation. The results show that the optimized 

skinning surfaces using the proposed methods yield a smaller error, less control 

points generation and feasible surfaces while maintaining the shape of the hull. 
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ABSTRAK 

Secara tradisional, proses merekabentuk lambung kapal melibatkan simulasi 

menggunakan model tanah liat. Ini perlu dilakukan dengan berhati-hati, teliti dan 

berkesan bagi mengekalkan prestasi kapal. Pada masa sekarang, teknologi terkini 

Rekabentuk Berbantukan Komputer, Pembuatan, Kejuruteraan dan Penghitungan 

Dinamik Cecair telah membolehkan rekabentuk 3D dan simulasi merangka kapal 

dijelmakan secara berkesan dengan kos yang minima dalam masa yang singkat. 

Disamping itu, alat reka bentuk otomatik membolehkan transformasi data offset yang 

digunakan dalam merekabentuk lambung kapal dilakukan secara otomatik. Salah 

satu daripada kaedah yang umum digunakan adalah kaedah pengulitan permukaan. 

Secara amnya, kaedah pengulitan permukaan ini terdiri daripada pengulitan 

permukaan interpolasi dan pengulitan permukaan penghampiran. Kaedah pengulitan 

permukaan interpolasi membina permukaan dengan sempurna, namun pemilihan 

parameter yang tidak sesuai boleh menyebabkan lekukan, herotan dan permukaan 

yang tidak sekata. Selain itu, penggunaan kaedah pengulitan penghampiran bererti 

bahawa permukaan hanya boleh dibina daripada titik data yang berhampiran. Oleh 

yang demikian, ralat di antara permukaan terjana dan titik data masukan harus 

dikurangkan bagi meningkatkan ketepatan. Justeru itu, kajian ini bertujuan untuk 

menyelesaikan masalah pencarian ralat terkecil bagi menghasilkan permukaan yang 

halus dan tepat dengan mencadangkan kaedah Splin-B Nisbah Tak Seragam terhadap 

permukaan dengan melaksanakan pelbagai algoritma pengoptimuman evolusi, 

termasuk, Algoritma Carian Bergraviti, Pengoptimuman Partikel Berkelompok dan 

Algoritma Genetik. Kaedah cadangan ini mengandungi empat prosedur: penyarian 

data offset daripada lakaran pelan garis; penjanaan titik kawalan; pengoptimuman 

permukaan; dan pengesahan permukaan lambung. Pengesahan dilakukan dengan 

menganalisa lengkungan permukaan dan ralat antara permukaan terjana dan titik data 

yang diberikan. Ujikaji telah dilaksanakan terhadap kedua-dua lambung kapal dan 

model berbentuk bebas. Hasil kajian dibandingkan dengan pengulitan permukaan 

yang telah diinterpolasi dan penghampiran pengulitan permukaan konvensional. 

Keputusan yang diperolehi mendapati bahawa pengulitan permukaan yang sangat 

optima menggunakan kaedah cadangan tersebut menghasilkan ralat yang kecil, 

penjanaan titik kawalan yang sedikit dan permukaan tersaur serta mengekalkan 

rupabentuk lambung kapal tersebut. 
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CHAPTER 1 

INTRODUCTION 

1.1 Overview 

Over the centuries, ships that are used by humans began with the discovery of 

boat, canoe, and raft. Ship is a vehicle larger than boat that carries passengers or 

cargo to sail or navigate across the water (Farley, 2010). In the U.S. Navy, the term 

boat refers to any water vehicles that can be carried by a ship as a rule thumb saying 

goes: “a boat can fit on a ship, but a ship cannot fit on a boat” (WordIQ, 2010). Thus, 

all submarines and mid ship-size, e.g. steamboats, are often referred as boats; 

whereas, seagoing water vehicles are large enough to be called ships which were 

used in ancient times by Greeks, Romans, Chinese, and Egyptians. At the beginning, 

all the ancient ship were propelled by wind, sails or oars and made from wood, 

bamboo or papyrus rods as a shipbuilding material. However, since the discovery of 

the steam engine and the use of iron and steel, modern ships have been equipped 

with steam engines, diesel and even nuclear, as the propulsion and steel as raw 

shipbuilding material (Mason, 1977; Blackburn, 1982; Rawson and Tupper, 2001). 

There many types of ships; not only on steam ship, but also the floating boat on the 

water like a hovercraft and water vehicles used in the bottom of the sea called 
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submarine. Basically, ship classification will be based on hull shape, propulsion 

equipment, based material, type of lift, and its usage (Figure 1.1). 

 

 

 Figure 1.1 Ship Categories (Eyres, 2007) 

The ship itself can be divided into several basic parts: bow, bulbous bow, 

hull, deck, superstructure, smokestack, stern, rudder, and propeller (Figure 1.2). 

Among the others, hull is the most important main body of a ship that needs more 

attention during ship design due to its role in determining the shape and the 

performance of the entire ship. The hull ranges from mono-hull to multiple hulls as 

catamaran type. 

 

 Figure 1.2 Main Parts of Ship 
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In the history of naval hull design, from wood to steel period, engineers have 

always been inspiring to improve the structure and shape of the hull. This is due to 

the importance of hull design in reducing the damage when collision occurs, 

improving ship speed, and strong enough against rust caused by corrosion as hull 

kept floating on the water except the hovercraft ship type. As the hull shape of the 

ship affects the speed and capacity of the ship, its performance depends on varieties 

of hull shapes. Therefore, the best hull shape is depending on the usage of the ship; 

for example, Cargo ship has a big shape since it is used for long distance and 

operates for all seasons with its big capacity (Sorum, 2007). As the hull is crucial to 

engineer, thus, it will take more time and cost to design an optimal hull form, speed, 

and capacity. Therefore, scientist has been searching alternative solutions to reduce 

the time and costs without sacrificing the quality. Conventionally, ship models are 

represented by the clay model. Figure 1.3 shows the clay model of Monitor M33 

ship. Few years later, the clay model is changed to drawing board (Sapidis, 1994) 

and later transformed to 3-D hull using Computer-aided Design (CAD) and 

Computational Fluid Dynamics (CFD). 

 

 

 Figure 1.3 Monitor M33 Ship Clay Model (Pinniger, 2007) 

With the aid of CAD and CFD, time and cost can be minimized in designing 

ship hull surface. Curves and surfaces are the central of the geometric modeling 

which is the essence of the CAD/CAM. Many studies have been done for almost 50 

years to find a new type of surface to conform to certain requirements, and these 

include (Farin, 1989): 
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1. Fit a set points. 

2. Predictable changes. 

3. Flexibility surface. 

4. Continuity, both tangency continuity, and curvature continuity. 

The emergence of Bezier, B-Spline, and NURBS curves as standard 

mathematical modeling method for geometrical design and geometrical data 

exchange has enriched the hull design respectively. However, in certain applications, 

improvements need to be done to obtain better curves or surfaces in terms of 

accuracy, rendering time, smoothness, fairness shape surfaces, and pleasing to the 

eyes (Bona et al., 1973). 

1.2 Background of Study 

In geometric modeling, mathematical techniques on curves and surfaces are 

required to represent an existing both 2D and 3D object. There are three most 

common methods for representing a curve and surface in geometric modeling: 

implicit, explicit, and parametric representation. Parametric representation is the 

most useful compared to the others since the explicit representation cannot represent 

a vertical line and the implicit representation can be used only when the function is 

known. 

Practically, in the geometric modeling, a curve and surface can be constructed 

not only from cloud of points, but also from some of profile curve, known as cross-

sectional curve. This type of surfaces can be divided into six surfaces: surface of 

revolution, extruded, ruled, swung, swept, and skinning surface. Among them, 

skinning surface is the most common approach used to represent complex surfaces 
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and has been applied in many areas such as marine automotive, medical, and aircraft 

industry. The skinning method is first introduced by Ball (1974, 1975, 1977). He 

proposed new curve that based on cubic curve known as Ball curve and implemented 

for lofting procedure on CONSURF software. Woodward (1988) developed skinning 

methid based on B-Spline curve interpolation. However, this approach has a 

drawback which may lead to the explosion of control points during skinning process. 

Eight years later, Piegl and Tiller (1996) developed a technique for reducing control 

points that used for skinning method. In addition, Piegl and Tiller (2002) proposed a 

revisited skinning method that eliminates all anomalies by replacing the cross 

sectional curves with well parameterized non-rational approximants. Nasri et al. 

(2003) developed a skinning method using Catmull-Clark curve which can be 

defined on incompatible control polygons. While Park et al. (2004) proposed 

skinning method based on universal parameterization and use the highest number of 

control points as number of control points for each compatible B-Spline. Few years 

later, Shamsuddin et al. (2006) developed new parameterization method, hybrid 

parameterization method, and used to establish new skinning method. Despite this 

method can be reduced more control points compared to Piegl‟s and Park‟s method, 

the method is still unstable due to the weaknesses of hybrid parameterization method. 

Currently, Wang et al. (2008; 2009) proposed new method on interpolation skinning 

method. The proposed method is equipped by the examination of the existence of the 

solution of each cross sectional curve. The resulting surface shows that the proposed 

method can reduce more control points of the surface for some cases.  

In marine industry, especially in ship hull design, skinning method has been 

developed to construct the ship hull surface. Before skinning method is used, 

scientist uses bi-cubic coons patch surface to represent a ship hull surface. Since the 

discovery of Bezier and B-Spline curve and surface, engineers started to develop B-

Spline surface as hull representation (Rogers, 1977; Rogers and Steven, 1980; 

Rogers et al., 1983; Standerski, 1989). Since the NURBS curve is known to have 

advantages compared to its predecessor, scientists began to develop NURBS 

skinning surface for hull shape representation (Nam and Parsons, 2000; Wen et al., 

2005; Shamsuddin et al., 2006; Lu et al., 2007, 2008). Although NURBS skinning 

surface of the hull surface is well represented, but improvements are still needed to 
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enhance some unwanted and unfair surfaces due to interpolation and selection of 

parameterization methods (Figure 1.4). Moreover, the rational form of NURBS curve 

will lead the equation system into system of nonlinear equations. 

 

 

Figure 1.4 The Resulting Surface of Skinning Interpolation Method (Mason, 2004) 

According to Rogers (2001), the unfair and unsmooth surface can be removed 

by reducing the number of control points. In the ship hull shape generation, many 

works have been done in constructing a fair hull surface (Farin et al., 2002; 

Munchmeyer, 1979; Rhinoceros®, 2001; Formation, 2006; Wen et al., 2005, 2006; 

Sarioz, 2006; Pérez et al., 2008). Farin et al. (2002) had constructed the fairing 

process manually. Munchmeyer (1979) developed a fair hull surface using B-Spline, 

Rhinoceros® (2001), 3D modeler software, offering fairing ship hull surface 

manually. Since the development of the computational intelligence techniques, the 

manual fitting and fairing process can be done automatically. In addition, the 

integration of the evolutionary technique is to overcome the problem such as non 

linear form, the unstructured input data, the arbitrary order of the surface, and the 

unknown of the objective function. The famous 3D ship hull modeler software, 

Maxsurf, generates fairness surface automatically using Genetic Algorithm approach 

(Formation, 2006). Wen et al. (2005; 2006) developed a fair ship hull surface using 

NURBS interpolation skinning method and optimized by using simulated annealing 

for fairing and surface fitting. Sariöz (2006) developed ship hull fairing process 

based on variation optimization approach and curvature color analysis for fairing 
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assessment. Pérez et al. (2008) developed an iterative algorithm to obtain optimized 

parameterization for cubic spline curve that approximate the hull offset data points. 

Later, Kim (2009) proposed a multi-objective Particle Swarm Optimization (PSO) in 

ship design to solve non linear Partial Differential Equation (PDE) with the aid of 

artificial neural network. In general, the fitting and fairing process are done by using 

evolutionary algorithm such as Genetic algorithm, simulated evolution, and 

simulated annealing. In other word, the optimization process is conducted 

automatically. The result of the evolutionary algorithm is promising in generating the 

ship hull surface though there are some weaknesses such as the computation time and 

unwanted surface may be generated.  

The above issues address the advantages and weaknesses of the current ship 

hull design. Among of the weaknesses are the unfairness of the surface and 

numerous number of control points may be generated. Therefore, in this study, 

skinning method will be developed to generate fair and smooth surfaces for complex 

objects. 

1.3 Problem Statement 

As shown in Figure 1.4, the skinning interpolation method has a drawback 

when rendering the hull of the surface due to the interpolation and selection of 

parameterization method. This may occur when the cross sectional curve of the ship 

hull surface that may have unevenly spaced isoparm, which is connection lines 

between   and   direction coordinate values. As a result, the ship hull surface may 

have an unfair surfaces. As mentioned in previous section, the unfairness surface 

could be reduced by decreasing the number of control points which can be performed 

by conducting approximation method. Despite that, the approximation method has 
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disadvantage which could modify the shape of the curves and surfaces. Hence, the 

main research question for this study can be stated as: 

“How to obtain a fair and smooth ship hull surface using skinning 

approximation method”? 

1.4 Research Aim 

The aim of the study is to obtain smooth hull surfaces with minimal control 

points using single NURBS surface. 

1.5 Research Objectives 

To achieve the goal of the study, few objectives are provided as below:  

1. To develop optimized NURBS skinning method based on surface 

approximation. 

2. To optimize the proposed method using genetic algorithm (GA), Particle 

Swarm Optimization (PSO), and Gravitational Search Algorithm (GSA) 

to obtain smooth surface with small number of control points. 

3. To visualize, validate, and compare the result with the conventional 

skinning interpolation, proposed skinning approximation, optimized 

skinning approximation method. 
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1.6 Research Scopes 

The scope of the study is based on: 

1. Real ship hull data known as offset drawing data will be used. The set of 

data are consisting of: 

a. Body plan,  

b. Half breadth plan, and  

c. Sheer plan drawing. 

2. The optimization of the surfaces to obtain the weights of the surface is 

conducted by using search algorithms: GA, PSO, and GSA. 

3. The analysis of the proposed methodology will be validated using error 

and Gaussian curvature of the surface. 

4. The comparison will be done with the conventional method. 

5. Speed/running time of the algorithm is not the concern of this study, 

since in the engineering field accuracy is more valuable than the running 

time of an algorithm. 

6. The visualization of the proposed method will be performed using 

openGL and C++ programming language. 

1.7 Thesis Organization 

This thesis is organized into six chapters as follows: First chapter provides 

the reader with an overview of the research which includes the definition and history 

of the ship, the importance of hull, and current method for constructing ship hull 

surface. The common methods for constructing ship hull shape, skinning method, 
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and some corresponding studies are also introduced. In addition, the first chapter will 

discuss the problem statement, the aim, the objective, and the scope of this research. 

Finally, the organization of the study is presented. 

Second chapter will be focused on basic mathematics about curve, surfaces, 

parameterization, knot generation; curve, and surface fitting, both interpolation and 

approximation, optimization method that related to this research and some general 

methods of surface reconstruction will be discussed. The main part of this chapter 

will discuss about some background of computer aided in ship hull design and 

surface skinning method.  

Third chapter presents the proposed framework design of this study. In 

addition the implementation of the conventional method is given in this chapter. 

However, the implementation of the Proposed and Optimized proposed skinning 

surface approximation method are separated into different chapters. Furthermore the 

implementation on NURBS surface and Gaussian surface curvature are provided in 

this chapter. 

Fourth chapter provides in detail the proposed skinning surface 

approximation methods and implementations. This chapter is divided into two 

sections: the proposed and optimization of the proposed skinning method. The 

optimizations of the proposed skinning method using GA, PSO, and GSA are 

described. Furthermore, the details of each algorithm are also given in this chapter. 

Fifth chapter provides the result and discussion of this research. The 

experiment is conducted for various free surface and ship hull model. The analysis of 

the result is also provided in this chapter. The analysis includes the accuracy of the 

surface, which represented by error of surface, and Gaussian curvature analysis. 
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Sixth chapter presents in brief conclusion of this study. The limitation of this 

study is also described in this chapter. Furthermore, the future works of this study of 

what can be used for further research is suggested at the end of this chapter. 
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