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Chapter 1 Introduction 

1.1. Background 

The round contours and elegant hulls of a ship resemble a womanõs figure. That 

might be why ships have been classified as feminine objects in gender-specific 

languages since antiquity. What gives a ship its shapely exteriors are the curved 

shell plates which are made from large, thick plates of steel as shown in Figure 1-1 

and Figure 1-2, covering the entire ship from stern to bow with complex 

three-dimensional curve surfaces. 

To ensure the good watertight keeping, increase the strength of the hull and meet 

the propulsive performance of the vessel, the curved surfaces of the plates are 

always extremely complex and designed in different shapes. There are only 2 curved 

shell plates constituting the left and right side of the vessel which can have exactly 

the same shape among over 200 plates of one ship.  

 

 

 

Figure 1-1 Curved shell plates on the bow (Ikeda, Y. et al 2009) 
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Figure 1-2 Curved shell plates on the bow and stern 

(Ikeda, Y. et al 2009) 

 

 

Figure 1-3 Curved shell plates on the bow and stern 

(Ikeda, Y. et al 2009) 
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Even though the curved shell platesõ shapes are various, they can be broadly 

classified as following: 

(1) Trumpet type: No vertical bending in the plateõs width direction  

(2) Bowl Type: vertical bending, center falls  

(3) Saddle Type: vertical bending, center rises  

(4) Twist Type: diagonal areas are higher / are lower than the other diagonal 

areas 

 

In addition, in shipbuilding industry, considering the low-volume production 

caused by individual orders, it is necessary to design different bending scheme for 

the curved shell plates of every different ship. 

 

1.1.1. Two-stages manufacturing process of curved shell plate  

As a method for bending a steel plate, there is a two-stages bending process 

consisting of cold forming and heating bending. The cold forming process is to 

deform a certain bending shape of the curved shell plates by applying load using a 

press machine as shown in Figure 1-4. This cold forming process can make a large 

deformation degree in a relatively short time. However, it cannot achieve accurate 

bending requirement. Hence, after the cold forming process, the heating forming as 

shown in Figure 1-5 is processed by human using the repeated plastic deformation 

due to the cooling of the water and the heating of the gas burner.  
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Figure 1-4 Press machine for cold forming  

 

 

Figure 1-5 Heating forming with gas burner and 

water hose  
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Since the 3D shapes of the curved shell plates can be extremely arbitrary and 

considering the large size of them, they can only be plastically deformed by various 

heating patterns such as triangle heating or even grilled point bending as shown in 

Figure 1-6. The decisions (manufacturing plans) of these heating patterns and the 

locations of the heating areas are based on the wooden bending template (Kikata) 

check with human eyes (Hayashi, S. 2004). The wooden templates used in this 

process to evaluate the curved surface of a curved shell plate are made up of bottom 

line and perspective stick from the shipõs design data. As known by now, this 

process has no clear-cut methodology and carries great risks for the subsequent 

heat sealing process. 

During the processing, the parameters (e.g. the angles between wooden templatesõ 

perspective sticks as shown in Figure 1-7 and Figure 1-8, the grade of the gap 

between the wooden templatesõ bottom line and the curved shell plate, etc.) which 

are required for the design of processing plan based on a personal check-with-eyes 

result are quantitatively immeasurable. Individual difference is among the 

manufacturing plans designed by the workers, and the variation in after-processing 

shapes arises due to the heavy depending on the tacit knowledge, skill and 

experiences of the craftsmen during the processing. 

 

 

Figure 1-6 Patterns of the heating bending 
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Figure 1-7 Manufacturing planõs design using 

wooden templates 

 

 

Figure 1-8 Perspective line of wooden templates 
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Before the construction of a ship, about four to eight wooden templates consisting 

of the bottom line and perspective stick are made from the shipõs design data for 

every curved shell plate (totally about 500 wooden templates per ship). This wooden 

templatesõ producing process costs a lot of time and money, and may contain 

inaccuracies.  

In addition, as shown in Figure 1-9, for every step during the manufacturing 

process, to put these wooden templates on the appropriate position on the curved 

shell plates (for the perspective lineõs check, etc.), a considerable amount of time 

and physical strength is required of the worker.  

 

 

Figure 1-9 Wooden template fixing and observing 
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1.1.2. Problems in traditional manufacturing process and possible approaches 

As introduced in 1.1.1, during the curved shell platesõ manufacturing process, the 

parameters (e.g. the angle between wooden templatesõ perspective sticks, the grade 

of the gap between the wooden templatesõ bottom lines and the curved shell plate, 

etc.), which are required for the design of the following manufacturing plan, are 

based on a manual check by eye and results are always quantitatively 

immeasurable. During the curved shell plateõs manufacturing process, problems 

listed in Table 1.1 exist. Because the observed results are always obscure, how to 

decide the heating and cooling areas of the following processing is still uncertain. 

Even if a consensus is reached on the situation of the curved shell plate, different 

workers may give totally different manufacturing plans of the next manufacturing 

step because there is a lot of tacit knowledge such as the processing rules and habits 

which are hardly discovered or educated during the processing. Thus, individual 

differences arise among the manufacturing plans designed by the worker, and also 

in the after-processing shapes, due to the heavy dependency on tacit knowledge, 

skill and experience of the craftsmen during the processing. Besides, since the 

manufacturing scene cannot be effectively reproducible by using video or paper 

record, beginning workers have to learn all of the tacit knowledge through real 

practice after they have mastered a certain degree of the manufacturing techniques. 

It usually takes about two years of training to produce one qualified worker.  

In nowadaysõ shipbuilding industry, there is only a few expert workers with the 

knowledge and skills of the curved shell plateõs manufacturing serving each 

shipyard. In summer, the manufacturing spot could be over 40 degrees. The 

workers holding the water hose and gas burner have to repeat the process of 

heating and cooling until the shape corresponds with the design. Besides, they have 

to put the heavy wooden templates on the curved shell plate one by one, and then fix 

them to observe necessary parameters for designing the next-stepõs manufacturing 

plans. Under this situation, saving the unnecessary time and physical effort by 

suggesting the relatively efficient manufacturing plans is of great importance for 

them. However, in reality, the manufacturing plans for every single step are 

obscure and cannot be guaranteed to be the most proper ones to optimize the 
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following manufacturing. 

 

Table 1.1 Problems existing in the manufacturing process 

stage Manufacturing content Problems 

Cold  

Forming 

1. Press operation and 

adjustment using press 

roller 

2. Perimeter check using 

tape-measure 

A) Plateõs sections without wooden 

templates cannot be evaluated. 

B) Forming quality dispersion (lead to 

in-expectable time consuming in 

the after-processing). 

C) Perimeter check cost time, 

sometimes inaccuracy 

Line 

Heating 

Bending 

1. Heating operation for 

bending 

2. Shape confirmation at 

every step of the 

manufacturing process 

using wooden templates 

A) Plateõs sections without wooden 

templates cannot be evaluated. 

B) Considerable amount of time and 

physical strength are required of 

workers. 

C) Check is based on human eyes, 

precise parameters such as the 

angles and displacement cannot be 

taken, individual differences exist. 

D) Individual differences exist in the 

manufacturing plans. 

E) A lot of tacit knowledge exist in the 

inference process from the wooden 

templatesõ confirming results to 

the manufacturing plans 
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1.1.3. Problems in OJT knowledge dissemination  

In addition, because both the curved shell plates and the wooden templates have 

3D shapes, the placement angles of the wooden templates and the displacement 

between them are very difficult to be recorded and conveyed by 2D medium such as 

video or papers. As a conventional means for training the young workers, OJT (On 

The Job Training) are usually carried out in shipyard. The OJT, in which the skilled 

expert workers and the beginner workers collaborate, focus on disseminating 

knowledge during the practical manufacturing. However, in many cases errors and 

inefficiency cannot be allowed even in OJT. Hence, 3D virtualized training and even 

3D reproducible manufacturing environment are desired. Also, the demand of the 

effective knowledge elicitation and dissemination approach in the virtualized 

environment comes out. 

The possible approaches noted so far for extracting the knowledge in curved shell 

platesõ manufacturing process aim to produce appropriate manufacturing plans 

(output) for some certain situations of curved shell plate (input) like the "situation 

specific model" discussed by Clancey et al in 1985 and 1992. As of now, only some 

general introductions have been extracted by conducting interviews with the 

workers due to the lack of effective manufacturing data acquisition system. But 

once the manufacturing data and the manufacturing process itself can be effectively 

evaluated and recorded, some knowledge elicitation mechanism should be taken 

into consideration. A famous knowledge elicitation method named Ripple-Down 

Rules proposed by Compton et al in 1989 and 1992 can be used to incrementally 

build a set of appropriate and validated links between the conditions of curved shell 

plate and the manufacturing plans designed by workers instead of the basic general 

introductions. 

 On the other hand, modern engineering has begun to use non-contact 3D 

scanning technique using laser scanners. Laser scanners emit laser and receive 

reflections to collect a real-world objectõs shape information. The distance between 

every point of the object and laser scanner is calculated by measuring the laser 

pulseõs travel time. By combining this distance and the radiation direction, 3D 

positional coordinates can be obtained. Measured results are formatted in point 
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cloud data which include three-dimensional coordinates representing the points of 

the measured objectõs surface, the reflection intensity and color information. 

According to Kobayashi et al.(2008), door assembly in the motor vehicle industry is 

measured by a handy laser scanner to obtain point cloud data-based on the circular 

holes, elongated holes or normal vectors on the door panels, point cloud data is 

superimposed on the CAD data and the error is expressed with a color map. As an 

application of laser scanners to shipbuilding, Biskup, K. et al. calculated the surface 

displacement of a 40-meter vessel. The vessel was measured by a laser scanner from 

multiple positions. The measured multiple point clouds were registered, wrapped 

with polygonal meshes, surfaced with NURBS (Piegl, L., Tiller, W. 1996) and then 

the displacement was calculated. All of these technologies give us a chance to record 

the existing manufacturing process in the 3D virtual environment for the workers 

to observe and analyze the manufacturing efficiently not just OJT but also after the 

manufacturing.  

 

1.2. Objective 

Sun (2013) developed a virtual template prototype to virtualize the virtual 

templates and generate the manufacturing plans for the heating forming process of 

the curved shell plates in the shipyard. This prototype is a set of some classic point 

cloud processing algorithms showing the possibility of replacing the real wooden 

templates with the virtual manufacturing environment.  

However, in the research mentioned above,   

- How to introduce this system to the shipyard was not considered. The 

methods and algorithms can rarely satisfy the practical usage in shipyard 

without significant improvements and appropriate combinations.  

- Not only the heating forming process, but also the whole manufacturing 

process including the cold forming process is expected to be supported too.  
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- To support the beginner workers, the experienced workersõ knowledge 

should be elicited and disseminated in an efficient way for the supporting of 

the beginner workers.  

The aim of this research is  

1. To facilitate the whole manufacturing process of the curved shell plate by 

proposing a practical framework.  

- To propose manufacturing evaluation method for achieving high and 

stable quality of the cold forming. 

- To develop a visual environment for facilitating the heating forming 

stage by replacing the wooden templates with the virtualized 

templates of high evaluation accuracy and usability. 

- To propose knowledge models for preserving the convention in the 

curved shell plateõs manufacturing. 

2. To evaluate the proposed framework by conducting multiple manufacturing 

experiments in the shipyard.  

The manufacturing convention including the concept of how to decide the 

manufacturing areas, the way to arrange and observe the wooden templates, and 

how to choose the manufacturing technics and decide if a plate is finished or not 

based on the observation results is expected to be totally preserved in the following 

ways: 

- To manufacture and evaluate the plate based on the interfaces of proposed 

framework.  

- To store and reproduce every single step of the manufacturing process. 

- To conduct interviews based on the recorded scenarios for the knowledge 

elicitation. 
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1.3. Approach 

In this thesis, laser scanner is used for capturing the curved shell plateõs 3D 

shape before and after every manufacturing step.  

As a pre-processing of vital importance, the 3D shape of the measured plate is 

extracted efficiently from the raw measured point cloud data from laser scanner 

which contains a lot of irregular obstacles. 

The cold forming is supported by the efficient accuracy evaluation and perimeter 

measurement of the plate. The evaluation results are used to decide if the plate is 

deformed good enough to be passed to the heating forming stage to enhance the 

manufacturing efficiency.  

The heating forming is supported by virtualizing the whole manufacturing 

process on computer. The wooden templates are totally replaced by the virtualized 

templates. The necessary parameters including the displacement, angles which are 

difficult to be observed quantitatively using the real wooden templates are 

calculated automatically before each manufacturing step to help the workers make 

the manufacturing decision. 

To support the beginner workers who cannot decide the manufacturing plans 

alone, the expert workersõ knowledge is elicited by conducting interviews or data 

analysis based on the recorded 3D manufacturing scenarios. The advanced 

manufacturing suggestions including special heating technics (point heating and 

curve heating) or heating linesõ combinations are outputted by the system. 

Furthermore, through the interviews towards to the workers who used the 

framework proposed in this thesis, the virtualized manufacturing process and the 

elicited knowledge is evaluated, and the effectiveness of the proposed framework 

can be set forth. 

Specifically, by achieving the following items, the whole manufacturing process of 

curved shell plates is facilitated.  

ü Common pre-processing: Efficient curved shell plateõs 3D shape extraction 

and registration 
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Redesign the classic algorithms to achieve the high processing speed and low 

failure. Develop an independent Plate Measurement System (PMS) as a 

sub-system of the manufacturing support framework which is responsible for 

extracting the plates from the raw point cloud data including obstacles. 

ü Cold forming support: accuracy evaluation and perimeter measurement 

Develop a Press Support System (PSS). Locate the measured shape of the 

curved shell plates onto the press design data after cold forming. Calculate 

the displacements and virtualize the errors using color maps and histograms 

for the workers to grasp the plateõs situation during and after cold forming 

process. 

ü Heating forming support: Effective manufacturing environment 

virtualization  

Develop a Virtual Template System (VTS) which is also a sub-system of the 

manufacturing support framework. Automatize the preparation of the input 

ship design data. Virtualize both the wooden templates and the 

manufacturing plan design process. Automatically calculate the necessary 

parameters for the manufacturing plan design. Develop an interface for the 

workers to observe the heating grade suggestion result more easily. 

ü Knowledge elicitation and dissemination 

Develop a Knowledge Based System (KBS) including one knowledge models: 

the interview-based knowledge model for explicit knowledge elicitation. 

Capture the correlations between the 3D parameters describing the curved 

shell plateõs situations and the relevant manufacturing plans designed by the 

expert workers. Virtualize and disseminate the elicited knowledge on 

computer.  

ü  Evaluation of the whole manufacturing support framework 
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Conduct the case studies of each component subsystem using the real data 

measured in shipyard to verify every subsystemõs effectiveness. Manufacture 

multiple kinds of curved shell plates in practical overall evaluation 

experiments. 

At last, develop the automation engine (AE) which can be customized according to 

the environment of the shipyard and the different processing flows even when 

there are needs to control some external systems. Automatize the whole 

measurement and analysis flow of the framework. 

 

1.4. Outline 

This thesis consists of 4 parts, 13 chapters.  

The first part gives an introduction and state of this research.  

The second part proposes the framework and clarifies the contribution. 

The third part evaluates the proposed framework. 

The last part is the discussion and conclusion. 

To be specifically,  

Next chapter reviews related literature on the curved shell platesõ manufacturing. 

Originalities of this study are introduced. 

Chapter 3 introduces the component technologies which are used in this thesis. 

Part 2 is from Chapter 4 to Chapter 8. 
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Chapter 4 gives the lay-out of the whole proposed framework for facilitating the 

entire process of the curved shell plateõs manufacturing. Four systems constitute 

the proposed framework. 

Chapter 5 develops the first sub system ð curved shell plateõs Measurement 

System (MS) for the pre-processing of the framework. 

Chapter 6 explicates the development of the second sub system ð Press 

Supporting System (PPS) for the cold forming supporting. 

Chapter 7 develops the third sub system ð Virtual Template System (VTS) for the 

heating forming supporting. 

Knowledge based system (KBS) is presented in Chapter 8.  

Part 3, Evaluation and optimization, are in Chapter 9 ð Chapter 12.  The cold 

forming supporting process, the heating forming supporting process and the 

knowledge elicitation and dissemination are evaluated in the experiments. 

Part 4 is from Chapter 13 to Chapter 14. 

Some discussions are made in Chapter 13. 

This thesis is concluded in Chapter 14. Prospects for further study are also 

discussed in Chapter 14   
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Chapter 2 Related researches 

2.1. Overview 

In this chapter, the precedence researches on the curved shell plateõs 

manufacturing process are discussed. First, the working accuracy management 

system of curved shell plate based on the displacement measured by laser scanner 

is introduced. Then, the current state of researches in the world about the laser 

scanning and the curved shell plateõs manufacturing is summarized. Finally, the 

originalities of this thesis are presented.  

 

2.2. Curved shell platesõ accuracy evaluation system using laser scanners 

 Nowadays, the curved shell plateõs manufacturing still relies heavily on the 

workersõ experience and knowledge. And the accuracy evaluation can only be 

performed on the portion where the wooden templates are put; overall surface 

cannot be quantitatively evaluated. To evaluate the accuracy of the curved shell 

plateõs whole surface, the curved shell plateõs accuracy evaluation system based on 

3D measured data has been developed by Hiekata, K. et al. from The University of 

Tokyo. 

 

2.2.1. System overview  

The system calculated the surface displacement of curved shell plates. Curved 

shell plates are measured by laser scanners (Hiekata, K., Yamato et al 2011). 

Curved shell platesõ accuracy is computed by registering the measured point cloud 

data of curved shell plates and the design data in NURBS and calculating the 

displacement of these two data points. The systemõs flow is as shown in Figure 2-1.  

In order to clarify the originality of this thesis, the outline of this previous system 

is discussed here. 

The input data of this accuracy evaluation system includes the curved shell 

plateõs design data representing the 3D CAD shape of the hull and the point cloud 
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data measured by laser scanners representing the shape of the real curved shell 

plate. The design data is represented by the NURBS surfaces of the ship and a 

combination of the trimmed curves for cutting out the shape of the curved shell 

plate. Because the point cloud data obtained by laser scanners includes variations 

and noise comparing with the real shape of the curved shell plate, the moving 

least-squares method is conducted to smooth the raw data, and then the outliers are 

removed based on the distances from the reference plane too. Furthermore, by 

applying the region growing method, the unnecessary parts of the ground and the 

real wooden templates are also removed. After extracting the curved shell plate 

from the raw data by applying these pre-processing above, the calculation of the 

principal axes of inertia and the center of gravity is performed towards the edge of 

the extracted curved shell plate, and then the coordinate transformation is 

performed so that they can match the design data. The signed distances between 

the transformed design data in the format of NURBS and the measured point cloud 

data are defined as the work errors. The working accuracy is defined by the 

calculation using Newton method and is outputted as histogram and color map 

(Nakagaki, N. et al 2011 and 2013). 
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Figure 2-1 Working accuracy management system 

of curved shell plate (Nakagaki, N. et al 2011) 

 

By introducing this system into shipyard, a number of problems are found. In the 

following sections, the problems existing in measurement flow and evaluation 

standard are described.  

 

2.2.2. Problems existing in measurement flow and evaluation standard 

Problems existing in the measurement flow are listed as below: 

a. The part of the component cannot be extracted efficiently due to irregular 

obstacles endogenous to manufacturing workshops and their shadows divide 

the componentõs measured point cloud data into several separated domains. 

Manual extraction and integration of these separated domains waste a lot of 

time and is a barrier for practical application. The well-known methods for 

calculating smooth surfaces from noisy point cloud such as moving least 

squares (MLS) projection (Pauly et al., 2002) has the same problem that the 

whole component cannot be extracted at one time when the component is 

separated by the obstaclesõ shadows. 

b. PCA registration has a lot of failure when the measured point cloud is with 
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variable density or is not complete. ICP (Iterative Closest Point) algorithm is 

expected to be used to conduct a registration between the measured point 

cloud data and the design data. However, due to the features of the ICP 

algorithm, without a clear registration direction presetting, the registration 

of the two data sets could go in the wrong direction and lead to improper 

registration results.  

c. An intolerable amount of time in shipyard (over 1 hour per plate) is cost 

during the manufacturing due to many manual processes such as extracting 

and combing the separated pars of the curved shell plate, some processing is 

so difficult even impossible for the workers to conduct on computer.  

As a result, existing point cloud processing methods (the basic region growing 

method and ICP registration method) can rarely satisfy the accuracy evaluation 

target in shipbuilding without significant improvements and appropriate 

combination (Hiekata, K., JASNAOE, 2012). 

 

Problems existing in the evaluation standard applying are listed as below: 

a. Although the displacement between curved shell plateõs surface and design 

surface as shown in Figure 2-2 can be virtualized using color maps by this 

system, the manufacturing plan (where to do the next heating) for the 

following heating step is still unclear. The principle used to bend a curved 

shell plate by line-heating is as shown in Figure 2-3, at the location where to 

apply the heat, the upper side of the plate shrinks, and the underside of the 

plate expands, while the neutral axis is assumed to be constant. Therefore, 

the heating area should be decided based on the curvature differences instead 

of the signed distance errors.  
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Figure 2-2 Error definition using signed distances 

 

 

Figure 2-3 Principle of line-heating 

 

b. This system is only designed to be used to do the final evaluation of the 

curved shell plates after they are considered to be completed. Also, each 

manufacturing step cannot be reproduced on the computer to help us do the 

knowledge elicitation. 

 

This thesis aims at reforming the prior system by solving the problems above, and 

presenting an effective curved shell plateõs manufacturing facilitating framework 

based on the reformed system. 
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2.3. Researches on curved shell plateõs manufacturing 

 Curved shell plateõs manufacturing relies heavily on the workersõ experiences 

and skills; at least 10 years could be cost to become a full-fledged expert. Even 

though over 99% of the curved shell plates in the world are still manufactured 

manually, nowadays studies to quantitatively automate the manufacturing process 

have been carried out, and among them some results were presented. In this section, 

the current state of the curved shell plateõs manufacturing automation and the 

practical application of these studies are discussed (Park, J.S, Shin, J.G, Ko, K.H. 

2007). 

 

2.3.1. Full automatic machining process of curved shell plate 

The full automatic machining of curved shell plate is based on the premise that the 

connection between the machining plans consisting of the parameters (such as the 

heating lineõs location, the thickness and width of the plate and the heating velocity) 

and the plateõs target situation can be accurately determined (Okumoto, T. 2009). 

In curved shell plateõs manufacturing, as mentioned in 2.2.2, the deformation 

using the extension and contraction at the heating area is used. This process is a 

complex non-linear problem, to determine the automatic machining parameters, 

simulations and experimental methods are often used. 

In Japan, the IHI Marine United Inc. started the studies about fully automated 

machining of curved shell plates in 1990, and has developed a first unit òIHI- ó 

shown in Figure 2-4 in 1997 (Fujimura, K. 2009). In 2011, they greatly improved the 

first unit, and developed the new unit òIHIMU- ó which can automatically complete 

some platesõ machining process.  In order to calculate the machining plans, 

òIHIMU- ó used the elasticity FEM (Finite Element Method) based on the inherent 

strain theory to output the heating position, heating order and heating rate after 

input the desired shape and the plateõs thickness. 
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Figure 2-4 IHI-  (Tango, Y. et al 2011) 

 

 

Figure 2-5 Curved surface machining robot (BUAA 2007) 

 

In Korea, Shin et al. also developed a fully automated machining system for 

curved shell plates named òiCALMó. This system can do the curved shell plateõs 

modeling for ships, provide the heating parameters and evaluate the work accuracy. 

As shown in Figure 2-5, the large complex curved surface machining robot was 

developed by the Beijing University of Aeronautics and Astronautics and Tsinghua 

University. It can predict the machining parameters based on certain situation of 

the curved shell plates, a part of this project has been introduced into the shipyard. 
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2.3.2. Problems existing in full automatic machining  

 Although, a lot of studies and experiments about the automatic machining of 

curved shell plates have been carried out, almost all of the curved shell plates in the 

world are still manufactured manually using the line-heating technique from last 

century 1960s (Wang, Z., 2007). The problems existing in the full automatic 

machining are listed as below: 

a. These studies are intended to focus on the deformation parameter 

prediction from the flat steel plate straightly to the desired shape 

(Matsuoka, K. 2004). The studies dealing with the accuracy evaluation of 

each machining step and the calculation about the secondary heating 

correction are rare. 

b. Moreover, in current state of the automatic machining for curved shell 

plates, large equipment is required, and the enormous energy consuming is 

also a remaining problem. 

c. Also, because the researches about the automatic machining tend to not 

employ the conventional way to do the manufacturing using wooden 

templates, it becomes entirely different processing technique even for an 

expert worker. That leads to the extremely difficult secondary heating 

correction once the shape of the curved shell plate being manufacturing 

goes wrong. 

 

2.4. Researches on usage of laser scanner and point cloud data 

Although not like the manufacturing process supporting in the industry, there 

are still some samples using the laser scanner in other fields too. Laser scanner 

provides a big chance for both the measurement of the existing component and the 

reverse engineering of the measured object.  

Laser scanning is also used for structural engineering (Gordon, S. 2004), mining 

industry and modelling in the shipbuilding (Gutiérrez, 2006; Arias, P. 2006).  

For reverse engineering of the building models, Pu, S., Vosselman, G. (2009) 

proposed a knowledge based reconstruction of building models from terrestrial laser 
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scanning data. While for the deformation detection, Park, H. S., Lee, H. M.(2007) 

proposed a new approach for health monitoring of structures using TLS (terrestrial 

Laser Scanning), and Monserrat, O., Crosetto, M. (2008) gave a method for the 

deformation measurement using the point cloud data obtained by laser scanner and 

the least squares 3D surface matching.  

Here some examples of the laser scanner usage are illustrated, and the problems 

existing in point cloud processing will be discussed later. 

Biskup, K. (2007) gives an example of the usage of laser scanner in shipbuilding. 

The surface displacement of a 40-meter vessel was calculated as an evaluation 

result as shown in the figures below. The vessel was measured by a laser scanner 

from multiple positions. The measured multiple point clouds were registered, 

wrapped with polygonal meshes, surfaced with NURBS and then the displacement 

was calculated. 

 

 

Figure 2-6 Waterline marked with black and white targets for registration of 

multiple laser scanners (Biskup, K. 2007) 

 

 

Figure 2-7 The standard deviation values along the deck of the ship (Biskup, K. 

2007) 
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Because the processing contains too much manual parts, time cost was pointed 

out to be a vital problem. Firstly, the measurement procedure followed for the data 

collection took approximately 7 working hours, scanning both elements of the boat, 

the hull and the deck. Even some time, the system works fine; it was 

time-consuming because of the enormous quantity of points. Sometimes the 

computer works very slowly, especially in cases of the componentõs surface 

extraction. (Biskup, K. 2007) For the manual filtering process, a certain degree of 

skill and experience are needed to avoid removing too much data with the 

consequent loss of information, or too little data with the obstacles staying in the 

point cloud. 

 

2.4.1. Surface extraction from the point cloud data 

As we know, surface extraction from the point cloud is a task of vital importance 

for the reverse engineering and object measuring using laser scanner (Varady, T 

2000). The manual surface extraction from the point cloud data is considered as a 

time-consuming and risky task for the subsequent processing. Some researches 

work on the automatic and high accurate surface recognition using the 

segmentation by fitting curves or surfaces in order to extract some useful geometric 

information. Wani, M. A. (2003). developed a parallel edge region-based 

segmentation algorithm targeted at reconfigurable MultiRing network. Sithole, 

G.(2003) proposed an automatic structure detection method in a point-cloud of an 

urban landscape based on point cloud segmentation and classification. 

Current approaches for surface extraction methods mainly have two categories:  

(1) The most basic approach for surface extraction from point cloud is based on 

edge detection. Yang, M., published in Journal of CAD a computational boundary 

detection method by comparing the principal curvatures at the neighborhood points 

to facilitate the partitioning of the point cloud. The neighborhood connecting 

algorithm was used after the edge points were detected. The different kinds of 

detected edges are shown in Figure 2-8.  

As the main shortage of this edge-detection surface extraction approach, Woo, H. 

(2001) pointed out that these fitting processes take too much time and since the 
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representative edge data of the surface cannot always be extracted due to the 

irregular obstacles or discrete points in the point cloud. 

 

 

Figure 2-8 Segmentation and surface extraction of point cloud based on edge 

detection (Yang, M. 1999) 

 

(2) Region growing is another approach trying to detect the continuous surfaces 

with the word òcontinuousó meaning the similar geometrical properties such as the 

similar normal vectorõs values between the neighborhood points. Rabbania, T. 

(2006) proposed a surface extraction method containing two steps, the normal 

estimation and the region growing as shown in Figure 2-9. The region growing step 

uses the calculated normal vectors of the points, in accordance with user specified 

parameters to group points trying to avoid over-segmentation. Two constrains are 

applied to this step: the local connectivity which is enforced by using only the 

neighborhood points in KNN, and the surface smoothness which is checked through 

a threshold on the differences between the current seed points and the points being 

evaluated. As shown in Figure 2-9 

According to the definition of region growing method, it cannot be applied to the 

measured objects which are not continuous. 

 






































































































































































































































































































































































































































































































































































































































