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Abstract

This study explores the need for a ship parametrization program to aid in the design process by quickly generating easily
customizable ship hulls. The designs are meant to serve as a base for further work in more sophisticated modeling
software, closing the gap between early ship design and analysis. The program incorporates a set of parametric curves
called Bézier curves to define the structure of the hull. These curves are employed to generate the hull surface, which is
then exported to be used in appropriate modeling software.

The program, named Floke, serves as a foundation for a larger hull optimization project. The method of parametrization
leaves room for additional features to simplify the design process and provide calculations for the evaluation of hull
performance. This report presents the design philosophy and methodology behind Floke, and includes descriptions of the
program’s strengths, limitations and future potential.

iii






Sammendrag

Denne studien utforsker behovet for et skipsparametriseringsprogram med det formal a hjelpe til i designprosessen ved
a raskt a generere skipsskrog som enkelt kan tilpasses. Designet er ment a fungere som en base for videre arbeid i mer
sofistikert modelleringsprogramvare, slik at skillet mellom tidlig skipsdesign og analyse minkes. Programmet inneholder
et sett med parametriske kurver kalt Bézier-kurver for a definere skrogets struktur. Disse kurvene brukes til & generere
skrogoverflaten, som deretter eksporteres til bruk i passende modelleringsprogramvare.

Programmet, som har fatt navnet Floke, fungerer som et grunnlag for et stgrre skrogoptimaliseringsprosjekt. Metoden for
parametrisering gir rom for tilleggsfunksjoner som forenkler designprosessen og utfgring av beregninger for evaluering
av skrogets ytelse. Denne rapporten presenterer designfilosofien og metodikken bak Floke, og inkluderer beskrivelser av
programmets styrker, begrensninger og fremtidige potensial.
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1 Introduction

The marine engineering industry is rapidly expanding [[I]], suggesting a need for the advancement of technologies that
support the development of maritime systems, in order to keep pace with this growth.

Focusing on the ship design branch, the development of software that supports the creation of efficient hull designs
becomes essential for a more cohesive design process. The ship design task is a meticulous and resource-demanding
process, partly due to the cost and time spent simulating the designs [2]]. This process would benefit from a program
capable of generating a customizable hull, with built-in tools made to alter the design to satisfy the requirements of the
project. By increasing the quality of the design at an early stage, the number of simulations needed would decrease, which
would serve to reduce cost and time spent with software analysis.

This report presents the development of Floke, a ship parametrization program created to bridge the gap between early
ship design and simulation, drawing inspiration from the works of Ingrassia et al. [3]|. Floke provides a simple approach
to modifying and creating ship hulls based on a set of input parameters and lets the developer visualize the design and
export it to more sophisticated modeling and simulation programs. Floke employs a set of Bézier curves to define the
frame of the hull, based on a set of control points and the input parameters. The program also includes a feature for the
adjustment of the hull shape in terms of the midship coefficient.

Although similar programs already exist [4]], they are often expensive and require the developer to have a deep under-
standing of the software. Floke’s purpose is to be a private program, serving as the foundation for a larger and more
sophisticated hull optimization tool, and limiting the need for expensive software and third-party services.

This report begins by establishing the tools used to develop Floke, and continues with describing the methodology behind
the program. Second, the results of the simulation for two different hull designs are presented. Finally, the report provides
a discussion of the results and the program’s strengths, limitations, and further potential.
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2 Coordinate system
Floke uses a 3-dimensional Cartesian coordinate system with the origin at the stern. The X-direction defines the hull’s

longitudinal axis, the Y-direction defines the lateral axis and the Z-direction defines the vertical axis. It is important to note
that the longitudinal axis defines the waterline, meaning the submerged positions of the hull lie on the negative Z-axis.

z

[

— — N

(a) XZ-plane as seen from starboard side (b) YZ-plane as seen from the stern

Figure 2: Coordinate system for waterline at Z =0

3 Method

In this section, each part of the ship design process is explained. It starts with an introduction of the software tools
used, followed by descriptions of parametrization and Bézier curves as fundamental concepts. Finally, the design method
describes the process in which Floke generates a ship hull based on these concepts. These chapters only describe the
method in terms of design philosophy and mathematics. They do not contain descriptions or explanations for how the
program code works, which is reserved for the software documentation. The program code and software documentation
is included in APPENDIX A and APPENDIX B respectively.

3.1 Tools

Floke is developed using MATLAB version R2023b [[3]. MATLAB is a programming software with an extensive environ-
ment for algorithm development and numerical analysis. The capabilities of the program in terms of parametric modeling,
data visualization, graphical representation, and iterative design are important to achieve the desired results.

The second program used throughout the development is Creo Parametric [[6]l. Creo is a powerful three-dimensional
CAD (Computer-Aided Design) program that provides a method for analysis, representation, and simulation with a user-
friendly interface. The program is used to analyze and verify the MATLAB results from various development stages, to
ensure that Floke performs correctly.

Another tool used in this project is Simcenter Star-CCM+ [[7]], a Navier-Stokes solving program. This program is used to
simulate the hull designs by solving Unsteady Reynolds-Averaged Navier-Stokes (URANS) equations.

This report is written using LaTeX through the cloud-based LaTeX editor Overleaf [§]. LaTeX is a software system
for typesetting documents, as opposed to formatted text processors like Microsoft Word. LaTeX is widely used in the
communication and publication of scientific documents.

This project incorporates the use of Al technology. ChatGPT from OpenAl [[] is primarily used as a troubleshooting
tool, due to its ease of use and effective solution generation. It is important to stress, that for this project, ChatGPT is
only employed to generate debugging solutions and give suggestions for code changes where more efficient alternatives
are present. ChatGPT is not used in any decision-making processes or to generate any code present in Floke. For this
written document, ChatGPT is only used to quickly generate command templates in LaTeX for insertion of equations,
code snippets, tables, and figures. ChatGPT is not used to generate any text present in this report.



3.2 Parametrization

The central focus of this project is the parametric modeling of ship hulls. The goal is to create a design based on a
set of parameters that define the characteristics of the hull. This approach allows developers to obtain a wide range of
configurations just by altering the parameters instead of redesigning the hull from the ground up.

The use of parametrization in ship design is a valuable method for several reasons. The efficiency increases, and it
reduces the time required to produce several designs of the hull just by changing the value of the parameters. It also
ensures standardization in how changes are implemented, as the impact of modifying any parameter is predictable and is
automatically updated in the model. Another reason is to allow better integration with other computational tools, such as
simulation software, to validate designs under various conditions.

3.3 Bézier curves

The ship design process utilizes Bézier curves to shape the hull structure. These are parametric curves that rely on control
points to determine their shape [I0]. The flexibility and precision of Bézier curves make them particularly useful in
applications where complex shapes need to be designed with high accuracy and smoothness. An example of a Bézier
curve can be seen in Figure 3]

Bezier Curve
T T

1 \

Bezier Curve
09 r ® Control Points

Figure 3: An image of a Bézier curve and its control points.

There are different variations of Bézier curves, the two primary ones are the classical (non-rational) Bézier curves and
rational Bézier curves.

The classical Bézier curves are formulated using a polynomial expression where each point’s influence on the curve’s
shape is determined by Bernstein polynomials. These curves can be easily manipulated by adjusting a set of control
points, resulting in a smoothly shaped curve. A classical Bézier curve of degree n is expressed as Equation I}

B(t) = gpi (?) £i(1 — t)n (1)

Where P; are the control points and ¢ is a parameter that varies from O to 1.

The rational Bézier curves are an extended version of the classical ones. These curves incorporate a set of weights for
each control point, which makes the process of creating a curve more flexible allowing for the representation of more
complex shapes. A rational Bézier curve of degree n is expressed as Equation [}



D. T. Endal, A. S. Akervall
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R(t) = 2)

Where P; are the control points, w; are the weights associated with these control points, and ¢ is a parameter that varies
from O to 1.

During the program development, both classical and rational Bézier curves are considered for their respective strengths
in curve manipulation and accuracy. While rational Bézier curves offer the capability to precisely model complex shapes,
they also introduce additional complexity due to the management of weights for each control point. Given the scope of the
project, classical Bézier curves are selected as they provide sufficient accuracy for most ship hull designs and are simpler
to implement and manipulate.

3.4 Hull sections

The hull is divided into three sections: the foreship, midship, and aft, where each section is handled independently,
meaning the shape of one section can be altered without making adjustments to the others. The only exception is the
midship, which defines a few of the most important parameters, such as maximum breadth and draught. Furthermore, the
main curves defining the shape of the hull are generated for the port side. The curves are then mirrored to generate the
starboard side.

The design begins with the definition of the midship section. It is here the parameters of maximum breadth and draught are
implemented. This section is made up of four curves: the midship section curve is translated to a forward and aft position,
and the shape is enclosed by a keel line and a deck line. It is important to note that the section curves are identical. This is
a conscious design choice, as the front and aft sections have greater influence over the hull’s hydrodynamic performance.
As the midship section is the largest, it has the greatest influence over the hull’s hydrostatic performance.

Midship Section

4
251
‘ MidshipSectionFront
0 | MidshipSectionAft
| Keel
N -2 "w,‘ Deck
-4
-6 \\

Figure 4: An image of the midship curves

The foreship is defined by three curves: the forward midship section, the bow, and the foredeck curves. At the intersection
between the foredeck and bow, there is a fourth, yet insignificant curve dubbed the bow tip curve. This curve is very small
and has no influence over the shape of the hull. Its only purpose is to aid in surface generation by allowing the surface to
be drawn from four edges instead of three. A more detailed description of the tip curve is provided in Chapter (3.5.6).



The shape of the aft section is defined by four curves: the stern section, aft midship section, aft deck, and aft keel curves.
The fifth curve, the stern deck curve as seen in Figure[6] serves only to provide an enclosed stern surface and is drawn
from the endpoint of the stern section curve to the center of the hull. The most defining characteristic of the aft section’s
appearance is the shape of the aft keel curve. This curve in junction with the aftHeight parameter can be manipulated to

Foreship Section

MidshipSection
Bow
Foredeck

Figure 5: An image of the bow curves

create space for ship elements such as axles, propellers, and rudders.

After each section is properly defined, the shape is mirrored across the Y-plane to generate the starboard side. The surface

Figure 6: An image of the aft curves

Aft Section

is generated after the overall shape of the hull is finished.

MidshipSectionAft
SternSection
AftKeel
AftDeck
SternDeck
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3.5 Design method

This section describes the order of operations when generating a hull design in Floke, beginning with the input parameters.
Each subsection provides detailed descriptions of the methods used.

The design method is divided into the following sections:
1. Parameters: Introduces the hull’s main parameters and defines their purposes.

2. Control points and Bézier curves: Description of how the control points are implemented, and the generation of
the hull’s main curves including figures.

3. Linearization: Operation for generating linearly spaced curve points. Simplifies the interpolation and surface
stages.

4. Translation: Description of how the main curves are translated to three dimensions and made to fit the hull param-
eters. Includes a figure of the ship skeleton in three dimensions with all the main curves and their mirrors.

Midship coefficient adjustment: Adjustment of the hull to meet the conditional midship coefficient parameter.

Interpolation: Operation for generating interpolated curves to define the surface of the hull.

N o W

Scaling: Scaling of the interpolated curves to coincide with the hull’s longitudinal curves.
8. Surface figure: Figure of the ship with its surface in three dimensions.

The design method ends with a description of how the hull can be exported as a three-dimensional model.

3.5.1 Parameters

The central component of the program is its parameters, which are established at the very beginning of the code. These
parameters define all the main dimensions of the ship, including its height, lengths, breadths, waterline level, and midship
coefficient. This section of the code incorporates four distinct types of parameters, starting with the midship parameters.
These parameters are crucial as they define the characteristics of the midship section and extend to other areas of the ship.
Specifically, the midshipHeight and midshipBreadth parameters set the maximum height and breadth of the ship. These
parameters also affect the shapes and sizes of the foreship and aft sections.

The next parameter sections are dedicated to defining values for the bow and stern sections of the ship. These sections
specify values exclusively for their respective areas and do not influence other parts of the ship. It is important that
these parameters are handled carefully and aligned cohesively with the overall ship design to ensure that the final product
accurately reflects the intended design.

The last parameter section defines more specific parameters, the most important of which are numPoints and DWL. The
numPoints parameter determines the accuracy of the hull design by defining the number of points generated for each
curve. This number is also used to determine how many surface curves are generated for each section. The runtime
of the program is heavily dependent on this parameter. Higher accuracy improves the results of numerical calculations,
but increases the number of calculations needed. The DWL (Design Water Line) parameter designates the draught of
the ship, and determines where the longitudinal axis is positioned. This means the waterline level is at Z = 0 in the
three-dimensional figures.

It is important to note that any specific adjustments to the ship’s structure, specifically its shape, should be made through
the control points. This process is more detailed in Chapter (3.5.2).

The following table shows the different parameters and their intended use:



Table 1: Input paramaters

midshipBreadth Breadth of the midship at maximum height
midshipLength Total length of midship in the X-direction
midshipHeight Total height of midship, measured from keel
foreshipLength Total length of foreship in the X-direction
tipHeight Height of the bow tip surface in the YZ-plane
tipBottom Calculated bottom position of the bow tip surface in the YZ-plane
tipBreadth Breadth of the bow tip surface in the YZ-plane
aftLength Total length of the aft section in the X-direction
sternBreadth Breadth of the aft-most part of the hull, measured from deck height
aftHeight Height of the stern as measured from the lowest point to deck height
midAftHeightDiff | Calculated height difference between the bottom of the stern and the midship keel line
numPoints Defines the accuracy and the number of points per curve
DWL Design waterline
shipLength Calculated total length of the ship
Cm Desired midship coefficient
adjust Decides whether to adjust for the midship coefficient, Yes (1) or No (0)

3.5.2 Bézier curves and control points

As mentioned in (3.3), the structure and shape of the ship are defined by a set of Bézier curves. These curves are controlled
by a set of control points that can be adjusted to change the form of the hull. The Bézier curves are two-dimensional and
dimensionless, meaning their lengths lie in the [0 1] domain. The Bézier curves provided in the program contain five
control points each, but more may be added to increase the accuracy of adjustments. These points can be adjusted
between the values of 0 and 1 in both the horizontal and vertical directions.

The process starts with defining a set of five control points, these are assigned as XY or YZ coordinates, depending on
the plane in which the curve lies. When this is done, the parameter numPoints determines the number of curve points
to generate and the program creates the desired Bézier curve. All the control points are adjusted manually, unless the
midship coefficient feature is used. If so, the control points for the midship section are automatically updated to satisfy
the Cm requirement.

The following figures demonstrate the different Bézier curves for the foreship and aft sections. For the remainder of the
report, these curves will be referenced as the main curves of the hull. Two variants of the midship section curve are
included as part of the front and aft sections.
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(a) Aft Bézier curves. (b) Foreship Bézier curves.

Figure 7: Bézier curves for the foreship and aft sections.

3.5.3 Linearization

To prepare the main curves for surface generation in a later stage, the longitudinal curves defining the foreship and aft
sections are linearized in the X-direction. This ensures that each point along the longitudinal curves has corresponding
X-values. It is done by generating a set of linearly spaced X-values and performing linear interpolation on the Y or Z-
values. Whether it is Y or Z-values that are interpolated is determined by the plane in which the curve lies. As the lengths
of the curves are dimensionless at this stage, the X-values are spaced in the [0 1] domain. The number of X-values, and
the number of points per curve, is determined by the numPoints parameter. MATLAB handles linear interpolation with a
built-in function, which employs the following formula:

(f - »Tl) : (yz - yl)
(x2 — 1)

y=uv+ 3)

Where:

* 71, y1: Coordinates of the first known data point.
* T9, yo: Coordinates of the second known data point.

e z: Query point to interpolate the value of y. The number of query points is determined by numPoints.

After a new set of linearized curve points are created, they are drawn over the old curve to verify that the shapes are
identical. Using the bow curve as an example, this can be seen in Figure 8}



Bow Curve Linearized in X-Direction

Original Bow Curve
0.9 r O CurvePoints after linearization

Figure 8: Bow curve after linearization.

3.5.4 Translation

In the previous stages, the main curves are two-dimensional and dimensionless. Therefore, they need to be translated
and their curve points converted to three dimensions by employing the ship dimension parameters. For each curve,
the curve points are manipulated to fit the curve’s plane. The curves are then translated in a third direction to their
positions in three-dimensional space. For example, the midship section curve is manipulated in the YZ-plane to fit with
the midshipBreadth and midshipHeight parameters. The curve is then translated to its position along the longitudinal
axis by adding the appropriate X-positions to the curve’s coordinates.

Foreship curves
The bow curve is fit to the XZ-plane by translating the curve points in the X and Z-directions. The curve is then translated
to three dimensions by concatenating the Y-positions (which are all zeros) into the curve points matrix:

translatedBowX = foreshipLength x bowX + midshipLength + aftLength

translatedBowZ = bowZ x tipBottom — DWL

translatedBow = [translatedBowX, bow Yposition, translatedBowZ]

The foredeck curve is translated into three dimensions by fitting it to the XY-plane, and translating it in the Z-direction:

translatedForedeckX = foreshipLength x foredeckX + midshipLength + aftLength

midshipBreadth
2

midshipBreadth n tipBreadth

translatedForedeckY = ( 5 5

> x foredeckY +

translatedForedeck = [translatedForedeckX, translatedForedeckY, midshipHeight]
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The bow tip curve is made to fit the YZ-plane, and translating it in the X-direction:

tipBreadth
translatedTipY = % X tipY

translatedTipZ = tipHeight x tipZ — DWL + tipBottom

translatedTip = [shipLength, translatedTipY, translatedTipZ]

Aft curves
The aft keel line is fit to the XZ-plane, then converted to three dimensions with the Y-positions (which are zeros):

translatedKeelX = aftLength x aftKeelX

translatedKeelZ = —midAftHeightDiff x aftKeelZ + midAftHeightDiff — DWL

translatedKeel = [translatedKeelX, keel Yposition, translatedKeelZ]

The aft deck curve is fit to the XY-plane, then converted to three dimensions by translating it in the Z-direction:

translatedDeckX = aftLength x aftDeckX

midshipBreadth sternBreadth
2 2

sternBreadth
2

translatedDeckY = ( ) x aftDeckY +

translatedDeck = [translatedDeckX, translatedDeckY, midshipHeight]

The stern section curve is fit to the YZ-plane, then converted to three dimensions with the X-Positions (which are zeros):

ternBreadth
translatedSternY = % x sternY

translatedSternZ = aftHeight x sternZ + midAftHeightDiff — DWL

translatedStern = [sternXposition, translatedSternY, translatedSternZ]

Midship curves
The midship section curve is fit to the YZ-plane, then converted to three dimensions by translating it in the X-direction.
The curve is translated twice, once for the forward midship and once for the aft midship:

midshipBreadth

5 x midSectionY

translatedMidSectionY =

translatedMidSectionZ = midshipHeight x midSectionZ — DWL
aftMidLength = aftLength + midshipLength
translatedMidSectionFront = [aftMidLength, translatedMidSectionY, translatedMidSectionZ]

translatedMidSectionAft = [aftLength, translatedMidSectionY, translatedMidSectionZ]

10



Once all the main curves are translated, a three-dimensional figure of the hull skeleton is generated:

Ship Skeleton

40

20

40
20

-20
-40 40 60 80

X

Figure 9: 3D-figure with all translated main curves defining the ship skeleton.

3.5.5 Midship Coefficient

If the adjust parameter is set to 1, Floke will adjust the midship section curve until the midship coefficient is equal to the
desired value, as defined in the Cm parameter. The midship coefficient is defined as the ratio between the submerged area
of the midship section and the area of a rectangle of the same depth and width [[TT]]:

“4)
where:

e A, is the submerged cross-sectional area of the midship section.

* B is the breadth of the midship at the waterline.

* T'is the draught of the midship.

The adjustment is performed by moving the midship section control points in small increments, generating a new midship
section curve, translating it, and checking whether the updated Cm-value is correct. If not, the process starts over. Floke
does this by determining whether the desired Cm is larger or smaller than the calculated value and adjusting the control
points accordingly. When the calculated Cm-value is equal to the desired value (within a tolerance of 0.01), the process
stops. The process will also stop in the case where the control points reach the limits of their domain. The control points
are adjusted in the vertical direction first. Once the points reach their limits in the vertical direction, they are adjusted in
the horizontal direction. To ensure that the start and end points of the midship section curve remain in the same places,
and to enforce tangency at the curve intersections, not all of the curve’s control points are adjusted. For a more detailed
description of the function code, see APPENDIX B.

The following Figures, and[T0B] illustrate the difference in the shape of the midship section curve with two different
Cm-values. An increase in Cm will expand the hull, while a decrease contracts the hull, resulting in a slimmer profile.

11
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4 Midship Profile, Cm = 0.65

4 Midship Profile, Cm = 0.90

(a) Midship profile with a Cm of 0.65

(b) Midship profile with a Cm of 0.90
Figure 10: Midship profile for different midship coefficient values

3.5.6 Interpolation

The surface of the hull is generated by interpolating surface curves between the lateral main curves using linear interpola-
tion. Since the hull is divided into three sections, three interpolation operations are performed. The foreship surface curves
are generated first, followed by the midship and aft sections. Floke handles the interpolation in the positive X-direction.
This means the curves are generated from the rear to the forward reference curves. The foreship curves are interpolated
from the midship section front to the tip curves. For the midship, the surface curves are interpolated from the aft to front
midship curves. The aft surface curves are interpolated from the stern section to the aft midship section. Interpolation for
this stage employs the same function and equation as mentioned in (3.5.3)), Equation 3] The number of query points used

for interpolation, and therefore also the number of curves generated, is dependent on the accuracy parameter, numPoints.
An example of the interpolation operation can be observed for the foreship section in Figure[TT]

Foreship Interpolated Curves
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Figure 11: Interpolated surface curves for the foreship section.
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3.5.7 Scaling

As the interpolation stage does not account for the longitudinal curves, a scaling operation is needed. This ensures that
the start and end points of the interpolated curves coincide with the curves defining the bow, foredeck, aft deck, and aft
keel. The foreship is handled first, followed by the aft section. As the midship is defined by two identical curves, one
front and one aft, the surface curves already coincide with the keel and deck lines. Therefore, there is no need to perform
the scaling operation on the midship surface curves.

The scaling operation is performed in two stages. First, the Z-values of the surface curves are scaled in the Z-direction to
coincide with the bow and aft keel curves. Second, the Y-values are scaled in the Y-direction to coincide with the foredeck
and aft deck curves. The scaling operation is performed by first defining a new start point for each curve. Using the
foreship as an example, the new start points in the Z-direction lie along the bow curve. In the Y-direction, the new start
points lie along the foredeck curve. For each surface curve, a scaling factor is calculated using the following formula:

scalineFactor endValue — newStart 5)
1 =
8 endValue — originalStart

Each point along the surface curve is then scaled using this formula:

scaledValue = currentValue x scalingFactor + (1 — scalingFactor) x endValue (6)

The scaling operation is performed for the foreship first, beginning with the Z-direction, as seen in Figure[T2}

Foreship Scaled Curves Z-Direction

6 100
90

Figure 12: Foreship surface curves scaled in the Z-direction.
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The curves are then scaled in the Y-direction, as seen in Figure[T6a] The surface curves for the aft section are scaled using

the same operations, as seen in Figure [T6b]

Foreship Scaled Curves Y-Direction

100
90

(a) Foreship surface curves after scaling in the Y-direction.

Aft Scaled curves

(b) Aft surface curves scaled in the Z and Y-directions.

Figure 13: Scaled curves for the foreship and aft sections.

3.5.8 Surface generation

In this stage, a three-dimensional surface model of the ship is generated using the surface curves and their mirrors. A
figure is created, with different colors above and below the waterline. The purpose of this model is to inspect and verify
that the surface of the hull is generated correctly before exporting the design.

Ship Surface
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Figure 14: Three dimensional model of the hull surface.
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3.6 Export of design

The hull surface can be exported through two different methods, which can be used within three-dimensional modeling
software. The first method involves the export of the surface, while the other exports the main curves themselves.

Once the surface of the hull is clearly defined, it can be exported as a stereolithographic file (.stl). An STL-file stores the
hull surface as a set of triangular polygons called facets, which are linked together and oriented to define the boundary
of the hull. The accuracy of the exported surface is heavily dependent on the number of facets generated in the export
process, which is determined by the numPoints parameter. Higher accuracy leads to a smoother surface as the facet
sizes get smaller, but can increase the runtime of the program significantly. For the purposes of this program, the greatest
characteristic of an STL-file is that it can be directly imported into CAD-software. Floke stores the hull into eight different
files to eliminate the risk of unexpected interactions between surfaces at the intersections:

* Foreship surfaces:

— foreSurface
— foreDeckSurface

— tipSurface
» Midship surfaces:

— midSurface

— midDeckSurface
e Aft surfaces:

— aftSurface
— aftDeckSurface

— sternSurface

Should there be a need to contain the entire hull surface as a single file, the recommended procedure is to import each
surface individually, then create a copy of the entire hull and save it as a separate file.

A different method involves exporting each curve as individual .txt files. These files can subsequently be renamed with
a .pts extension and imported into Creo Parametric or similar modeling software. Using this approach, only the curves
are exported, not the ship’s surface. Therefore, once all the curves are imported into the software, the surface must be
constructed within the modeling program.

4 Results

This section demonstrates the capabilities of Floke by performing a step-by-step generation of two different hull designs.
In addition, the hulls designed are also simulated in Star CCM+ to get an overview of the difference between hull shapes
in real-life conditions. This demonstration includes all the parameters defined at the beginning of the code, including the
midship coefficient.

For this demonstration, two hulls are designed. The reason is to exhibit the ability of the program to create different types
of ship hulls and therefore, different results when simulated. The ships are created using different parameters, but have
the same original control points.

The results are divided into the following sections:
1. Input parameters: Introduces the parameters for each of the ships.
2. Main curves: Representation of the Bézier curves that define the hull structures.
3. Ship models: Representation of the surfaces of both ships.

4. CFD analysis: Displayed results from the CFD simulation.
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4.1 Input parameters

The parameters for both hulls are displayed in Table[2] The parameters chosen for both ships represent two separate hulls

to demonstrate Floke’s capability of generating different hull designs.

Table 2: Comparison of parameters (values in meters).

Parameter First ship [m] Second ship [m]
MidshipBreadth 15 30
MidshipLength 50 50
MidshipHeight 12 20
ForeshipLength 30 30
AftLength 20 20
SternBreadth 13 30
AftHeight 8 18
Total length 100 100
DWL 6 8
Cm 0.59 0.90

4.2 Main curves

The main curves for both hulls are generated from the same set of control points, meaning the differences in shape are

only due to changes made in the parameter section.

Represented in Figure[[5]are the results of the main curves for both ships:
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(a) Aft curves for both ships.

(b) Foreship curves for both ships.

Figure 15: Main curves for both ships.

As the second ship adjusts for a different midship coefficient, the midship curves are altered compared to the first. These
changes are reflected in Figure[T6] Though the input parameter is set to 0.90, the generated curve results in a midship

coefficient of 0.89 due to tolerances built into the program code.
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Ship 1 Midship Profile, Cm = 0.59 Ship 2 Midship Profile, Cm = 0.89

(a) Midship section curve for the first ship. (b) Midship section curve for the second ship.

Figure 16: Midship section curves for different values of Cm.

4.3 Ship models
The final result of the surface generated for the ships is displayed in Figure [[7a]and [T7b]

Ship Surface Ship Surface

50 50

N O N0
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-50
50
50 100 100
80 0 80
0 60 60
o O o
v -50 0 X v 50 o «
(a) Surface for the first ship. (b) Surface for the second ship.

Figure 17: Surface figures for both ships.

4.4 CFD analysis

A comparison of simulation results between the two ship hulls is displayed in this section. Both hulls are simulated in
calm water at a speed of 11 knots, with two degrees of freedom:

* Heave: Ship motion along the vertical axis, Z.
* Pitch: Ship rotation about the lateral axis, Y.

The results will be shown in four different parts: Mesh and cell count, yT values, wave pattern, surface elevation, and
their resistance.
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4.4.1 Mesh and cell count

The result from the mesh and cell count is displayed in Figure[T8aland[I8b] The mesh breaks down the area being studied
into a grid for analysis, and cells are the individual blocks within this grid. It is important to emphasize that a finer mesh
with more cells can give more detailed and accurate results, but it also requires more computational power.

Table 3: Table of cell counts

Cell Count 1  Cell Count 2
3.24073e+6  3.07927e+06

(a) Mesh of the first ship. (b) Mesh of the second ship.

Figure 18: Top view of the mesh of both ships.

4.4.2 y* values

The y* values represent a non-dimensional distance from the wall to the first cell center in the mesh . Values between
30 and 300 are effective for capturing the majority of the turbulent boundary layer using standard wall functions. These
functions help predict how the water flows around the hull without needing an extremely detailed mesh. The color gradient
displayed on the top-right side of the figures displays the y values. The y* given by the CFD analysis for both ships are
displayed in Figure[T9]

Table 4: Table of y* values for both ships.

y*tshipl g7 ship2
68 46
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Wall Y+
<0 36 71 107 143 179 214 250 286 321 357 393 429 464 >500

Average Wall y+: 68 F

(a) y™ values for the first ship.

Wall Y+
<0 36 71 107 143 179 214 250 286 321 357 393 429 464 >500

Average Wall y+: 46

(b) y values for the second ship.

Figure 19: yT values for both ships.

4.4.3 Wave pattern and surface elevation

The surface elevation, as shown in Figure 20] illustrates how the water flows and reacts around the ship hull. This is key
to understanding how hydrodynamic forces affect the ship’s stability and efficiency. The gradient colors displayed on the
right side of the figures explain the elevation of the water around the hull.
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Figure 20: Top view of the wave pattern and surface elevation for both ships.

4.44 Resistance
The following figures illustrate the simulated resistance forces [I3]] applied to the ship hulls. These curves consist of:

* Pressure resistance: As the ship moves through the water, pressure resistance is generated as a result of the
displaced fluid. This displacement creates waves, which require energy to form. The pressure resistance arises from
the pressure gradients associated with these waves.

 Shear resistance: Also known as viscous resistance. These forces are generated as a result of the interaction
between the hull and water surfaces. The resistance arises due to the viscosity of water and the frictional forces
acting on the hull surface.

» Total mean resistance: The sum of the pressure and shear resistances. Represents the overall resistances experi-
enced by the hull as it travels through water.

Ship Resist Curves Ship Resist Curves
50 P ‘ 300 P : ‘ |
Pressure resistance Pressure resistance
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(a) Resistance curves for the first ship. (b) Resistance curves for the second ship.

Figure 21: Resistance curves for both ships.
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5 Discussion

This chapter details the results of the simulations performed in Chapter (), and continues with a discussion of the project
scope and the adjustments made to the original. Finally, the program itself is discussed, beginning with Floke’s limitations,
development challenges, and further potential.

5.1 Review of results

As demonstrated in Chapter (@), Floke is able to quickly generate different hull designs by simply changing the input
parameters, and the design may then be used for further analysis with CFD software.

The designs can be altered further by adjusting the control points of the main curves, resulting in significant differences
in the hull shape. By selecting the option to adjust for the midship coefficient, the shape is allowed to be adjusted without
having to manually change the control points, resulting in an easier and faster user experience. It is important to note
that the adjustment of the midship curves will result in a midship coefficient unequal to the desired value as defined in
the parameters section. This is due to tolerances built into Floke’s code. This tolerance may be lowered to produce more
accurate results, but increases the risk of creating an endless loop. See APPENDIX B for more detailed descriptions.

The values obtained from the CFD analysis in Chapter (@) are not the main areas of interest, rather the possibility to
import the ship designs and simulate them. As shown in the results, Star CCM+ is able to simulate the imported ships
under real-life conditions. However, because of the limitations of the testing hardware, some simplifications are made.
Only two degrees of freedom are included in the analysis: heave and pitch. These changes are made to decrease the time
needed to run the simulations, as the analysis is only meant to serve as a demonstration of Floke’s capability of exporting
the designs.

The mesh and cell counts are different for both ships. The first ship, characterized by a thinner hull, has a cell count of ap-
proximately 3.08 million cells. The second ship, which has a wider hull, has a slightly higher cell count of approximately
3.24 million cells. Despite having the same length, the difference in cell counts is because of the varying hull geometries,
which affect the complexity of the mesh. However, the difference in the geometry of both ships does not affect the cell
count to a large extent.

The y* values show differences in the boundary layer for the two ships. The first ship has an average wall y T of 68,
showing a less detailed mesh near the hull surface. The second ship has a lower average wall 4y of 46, indicating a more
detailed mesh near the hull surface. These differences reflect how the hull shapes affect the mesh and simulation detail.

The wave pattern and surface elevation results demonstrate differences between the two ship designs. The first hull creates
spread-out waves with a maximum surface elevation of about 0.68 meters at the wake. However, the second ship generates
a higher and slimmer wave pattern, with surface elevations reaching higher than 1.69 meters. As expected, the figure
indicates that the wider hull displaces more water, generating higher waves. The figure also illustrates a large displacement
of water at the bow, meaning the second ship pushes water forward instead of to the sides due to its significantly wider
shape.

The resistance curves for the two ship designs show clear differences. The first ship has a total mean resistance of
approximately 38 kN, with pressure resistance being the dominant contributor. The second ship has a much higher total
mean resistance of about 125 kN, with pressure resistance also being dominant. This demonstrates that the wider ship
experiences much higher resistance, mainly due to pressure resistance, which is expected.

5.2 Scope of project

The fundamental purpose of the project is to bridge the gap between the creation of a ship design and simulation. The
use of simulation software is an expensive and tedious task, and the design may not be changed during the operation.
Floke is designed to deliver a ship parametrization algorithm as a base for a larger hull optimization program. Once
the optimization process is developed, Floke will be able to provide a better representation of a base hull design. These
designs may be altered and optimized for a wide range of configurations, to serve as foundations for further simulation.
Improved hull designs through optimization will demand fewer simulation runs, which is beneficial for reducing cost and
time consumption.

The initial idea behind the creation of Floke is to create a functional program with the ability to generate hull designs, as
well as supporting the simulation process through export of compatible formats. The hull consists of three independent
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parts, the foreship, midship, and aft sections. In each section, the shape is determined by Bézier curves through the
manipulation of each curve’s control points. Furthermore, Floke produces files representing the hull surfaces, which can
be imported into Creo Parametric or similar modeling software. Floke can also generate files for the curves themselves,
which can then be imported into appropriate modeling software and employed to draw the hull surface.

Adjustments to the scope of the project are mostly made due to limitations of the programming software and time restric-
tions. However, some of these changes are also made to discard unsuitable functionality in favor of better solutions, as
will be discussed further.

* Floke is restricted in its usability. By producing control points based on a set of input parameters such as length,
width, draught, free board and dead-rise angle, and employing these to determine the shape of the ship, the ease-
of-use would improve significantly. If the shape is not satisfactory, the curves could then be changed by manually
manipulating the control points. These ideas are replaced in favor of the adjustment of the ship’s form coefficients
instead. At present, Floke is designed for a more manual approach, employing tasks for adjustment of the midship
coefficient to improve usability. Further improvement could be made through the implementation of adjustments
for other ship form coefficients such as the prismatic and block coefficients.

* Floke produces eight different files instead of one file containing the entire hull surface. The files produced in
the final product contain the individual section surfaces to limit the risk of generating discontinuous or overlapping
surface meshes in the models. The curves themselves may also be imported individually. Though this is a more
tedious approach, the models generated through this method are likely easier to reformat.

¢ The program does not contain hydrostatic calculations. The program can be further improved by incorporating
functionality in terms of hydrostatic performance. Characteristics such as waterline area, submerged volume, center
of buoyancy, and center of mass can be implemented to determine the stability of the given design.

¢ The final product does not contain complex structures, such as a bulbous bow. However, the Bézier curve
defining the aft keel is able to hollow out the hedge, but it cannot account for the shafts, propellers, and rudders.

* The program is not able to automatically update changes during the simulation. Despite this, it enables the
developer to make fast design changes to the hull within Floke.

5.3 Limitations

Currently, Floke is a program best managed by engineers and naval architects who possess a deep understanding of the
ship design process. If not handled with care, the program might produce unpredictable results in terms of the hull design,
meaning sufficient programming ability and a high degree of expertise is needed when working with Floke.

For the present version, the program has several limitations:

* Floke is limited in its ability to generate highly detailed designs. This limitation stems from the ship’s hull being
constructed from a series of Bézier curves, as discussed in Chapter @]) These curves define the ship’s form, but
their limited number restricts the variety of design options available.

e The program is not bug-free. Most software packages are tested rigorously to ensure the programs function as
intended. This process is not within the scope of the project, and Floke is not tested in the same manner. This
means there may be undetected faults within the program itself, which may cause unpredictable issues. However,
Floke is not a highly complex program, which means the program can be debugged and improved without extensive
programming skills. For software documentation, sse APPENDIX B.

¢ Floke is limited to the functionality built into MATLAB. The functionality potential of Floke is limited by
the restrictions imposed by the use of MATLAB. Unlike open-source programming languages like Python, the
functionality within MATLAB is limited to the tools provided by MathWorks.
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5.4 Challenges

This subchapter discusses the challenges related to the development of Floke, which consist of issues related to the
accuracy parameter and the export process.

5.4.1 Accuracy

Some of the issues during the development of the program are related to accuracy. The accuracy of the program is defined
by the numPoints parameter, which directly affects the density of points on each curve. It also determines the number of
surface curves generated for each section of the hull. Increasing the number of points results in a finer resolution of the
curve. However, it decreases the efficiency of the program, leading to longer running time and heavier files.

The accuracy of calculations for different sections of the ship can be significantly impacted by the number of points used
to define each curve. If the resolution of these curves is insufficient, it can lead to substantial errors, causing the results to
deviate from the intended design outcome. This issue is especially evident in the functions used to determine the midship
coefficient, which are heavily dependent on the waterline level. At low resolutions, there may be a significant difference
between the calculated and actual waterline breadth, due to the method used to find the waterline height. This issue affects
the calculation of the submerged midship section area, which carries into the calculation of the midship coefficient. These
issues are negated by increasing the accuracy parameter.

There is an evident issue with the visual representation within MATLAB. This can be seen in the dividing section between
the waterline and the section above water. The method used to draw the waterline around the ship is done by determining
all the Z-values that are closest to zero. The problem encountered is that if the number of points is too low, the Z-values
will be further away from zero, leading to a noticeable gap between the waterline and the rest of the hull above water.
This issue can be seen in Figure 22]
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Figure 22: A zoomed in image of the bow.

The visual discrepancies observed within MATLAB are primarily due to the function used to generate the surface figure,
which may struggle with a low number of points. These limitations are shown as visible gaps in the waterline area when
viewed in MATLAB. However, it is important to note that these visual issues do not persist when the ship design is
exported to CAD or simulation software. In these external applications, the design is rendered accurately, ensuring that
the visual representation aligns with the intended design specifications.
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5.4.2 Export

Regarding the export of the ship design, the first method detailed in Chapter (3.6) presents several challenges specifically
related to exporting the STL file and the conversion to a solid body. An STL file must meet several conditions to properly
represent a solid shape [[T4]):

¢ The mesh must be fully closed without any gaps
* Triangle normals must be consistently oriented outward
* The geometry must maintain integrity with accurately placed vertices

The requirements ensure the model is watertight, which is essential for applications like simulation. These conditions are
not integrated within the program. As a result, the surface representation of the ship may become corrupted, preventing
the CAD software from converting the file into a solid body. Currently, the only method capable of converting it into a
solid shape is the second one described in Chapter (3.6). However, this method is more time-consuming.

5.5 Further potential

The scope of the project, as outlined in (5.2)), presents opportunities for further enhancement. With this in mind, the
following section will explore various upgrade suggestions, with the goal of creating a more refined version of the ship
design program.

5.5.1 Improved functionality

* The addition of more coefficients can further optimize the ship design by enhancing accuracy, enabling customiza-
tion, and facilitating more realistic designs. Some coefficients that can be integrated are the block and prismatic
coefficients.

* Integrating regulations and real-world data can significantly enhance the optimization of ship design. Firstly,
the program ensures that the hull design always complies with the specific regulations applicable to the type of
ship being designed. Additionally, by leveraging real-world data, the program can automatically base its designs on
proven models, ensuring that the final design is both practical and effective.

* Real-time adjustments can significantly improve the visualization of changes made to the hull. Instead of having
to rerun the entire code after each modification, the program would be capable of instantly updating and reflecting
changes. This enhances efficiency and allows for immediate feedback on design alterations.

¢ The addition of a user-friendly interface can significantly improve the ship design process. Rather than requiring
users to manage the entire code and understand its complexities, the interface could present only the adjustable
elements that directly contribute to the design of the ship. This approach not only enhances efficiency but also
makes the design process more accessible to users without deep technical expertise.

¢ Increasing the number of Bézier curves to define the ship can enhance the variety of designs the program can
create. Each Bézier curve is defined by its control points. Therefore, incorporating more curves increases the
program’s flexibility to alter and refine the ship’s design.

¢ The implementation of hydro-static computations can further enhance the functionality of the program. The
addition of this calculation could help the user find critical errors in the design before importing it into CAD or
simulation software.

* A wider range of design application could be incorporated into Floke. The way the program works makes it easy
to make new designs such as ferries, just by replacing the stern of the ship with another bow.

5.5.2 Programming language

The use of other programming languages can further improve the functionality of the program. While MATLAB is a great
choice when it comes to mathematical computations due to its powerful built-in functionality, there are other programming
languages that may offer significant advantages. Python offers a wide selection of packages for numerical calculation and
optimization algorithms. Python also has a large and active community, which makes it easy to find support and resources.
As computational efficiency is important when designing a program like Floke, a lower-level language such as C++ would
offer a higher degree of customization in terms of memory management and performance. However, developing a program
using C++ or other low-level languages is generally more difficult.
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5.5.3 Conditions

At present, the code is best managed by skilled ship developers. However, integrating conditions into the ship design
code could make the program accessible to users without specialized knowledge. By doing so, the program would impose
constraints that shape the final design, ensuring it is realistic and viable.

Currently, the program may produce designs that are impractical for real-world application. Therefore, this implemen-
tation is essential to connect the gap between expert knowledge and user-friendly design capabilities, ensuring that all
generated designs are both functional and compliant with real-world conditions.

5.5.4 Hull optimization

A hull optimization process would improve the hull design to comply with a set of desired characteristics such as speed,
maneuverability, stability, and fuel consumption. Hull optimization is widely used within ship development to improve
hull design [I3]. This is performed using numerical algorithms that manipulate the hull shape and calculate the charac-
teristics of the current iteration. The algorithm is run multiple times with different sets of parameters until the optimal
combination is found for the desired characteristic.

Within Floke, the optimization process could search for the best solution for a desired characteristic by altering the control
points of the main curves. These are the degrees of freedom (DOF) that the algorithm alters to obtain the best solution.
If constraints are included, such as stability constraints, the optimizer will search for the best possible solution within the
constraint boundaries. However, this process would benefit from the inclusion of more easily tuned parameters. Currently,
Floke includes a process to adjust for the midship coefficient, but could easily be improved by implementing more form
parameters such as the prismatic and block coefficients. The program would also need functionality to calculate the results
of each adjustment, to verify whether the current iteration is improved with respect to the desired characteristic. Therefore,
it is recommended that Floke is upgraded with the suggested features as mentioned in this subchapter, especially in regards
to the functionality for determining hydrostatic performance.

6 Conclusion

Floke is a ship parametrization program developed in MATLAB. The program is capable of quickly generating customiz-
able ship hulls using a set of input parameters in junction with Bézier curves defining the hull’s main curves. This report
serves to present the current state of the program and highlight its functionality and further potential.

The main features of Floke are the ability to adjust the size and shape of the hull by adjusting the input parameters and the
control points for the main curves, and the ability to export the design to a format compatible with CAD software. The
program also includes a feature to adjust the shape of the midship section to comply with a desired midship coefficient.
These capabilities are demonstrated by running simulations through CFD software for two different hull designs and
presenting the results.

Floke’s strengths lie in its simplicity. Each process is clearly defined and documented, as is the potential for further
improvement. The program code is structured in the order the operations are processed, with each section performing a
single task. Improvements can easily be made by adding new tasks at appropriate stages, and updating the main curves
accordingly.

This report provides suggestions for further functionality, especially the implementation and adjustment of additional
form coefficients, and calculation of hydrostatic performance. These improvements would allow for the implementation
of optimization algorithms to shape the design in terms of a desired characteristic. In addition, the program would likely
benefit from a transfer to a different programming language like Python.

Although Floke does not incorporate all the initial ideas, it still delivers a product that may serve as a solid foundation for
a larger hull optimization project. It is essential to highlight that the final result is meant to provide a base for further work,
and is still capable of including more functionality within the code, leaving room for a more advanced and sophisticated
tool for the ship design process.
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Listing 1: Main Script

clc

clear
close all
%% Parameters

global midshipBreadth midshipLength midshipHeight
foreshipLength tipHeight tipBottom tipBreadth
aftLength sternBreadth aftHeight midAftHeightDiff
numPoints DWL shipLength zeroColumn heightColumn

o

% Midship parameters [m]
midshipBreadth = 15;
midshipLength = 50;
midshipHeight = 12;

)

% Foreship parameters
foreshipLength = 30;
tipHeight = 0.1;
tipBottom = midshipHeight - tipHeight;
tipBreadth = 0.2;

[m]

Q

% Aft parameters
aftLength = 20;

[m]

sternBreadth = 13;

aftHeight = 8;

midAftHeightDiff = midshipHeight - aftHeight;

% General

numPoints = 100; % Number of points per curve.
DWL = 8; % Design Water Line

shipLength = aftLength + midshipLength + foreshipLength;
Cm = 0.9; % Midship coefficient

% Would you like to adjust for midship coefficient?
% Yes(l) or no(0)

adjust = 1;
% Columns
zeroColumn = zeros (numPoints,1);

heightColumn = midshipHeight * ones (numPoints,1l) - DWL;

%% Bezier Curves, default values
Foreship curves:
Bow tip

tipA = [0, O0];

tipAB = [0.25, 0];
tipB = [1, 0.30];
tipBC = [1, 0.70];
tipC = [1, 1];
bowTipControlPoints =
bowTipBezierPoints =

o° o

[tipA; tipAB; tipB; tipBC; tipCl;
CreateBezierCurve (bowTipControlPoints,

o)

% Bow profile

bowA = [0, 0];

bowAB = [0.25, 0];

bowB = [0.50, 0.15];

bowBC = [0.95, 0.60];

bowC = [1, 17;

bowControlPoints = [bowA; bowAB; bowB; bowBC; bowC];
bowBezierPoints = CreateBezierCurve (bowControlPoints,
% Foredeck

fda = [0, O0];

fdaB = [0.25, 0];

Used to change accuracy

numPoints) ;

numPoints) ;
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fdB = [0.65, 0.30];
fdBC = [0.85, 0.70];

fdc = [1, 11;
foredeckControlPoints = [fdA; fdAB; fdB; fdBC; fdC];
foredeckBezierPoints = CreateBezierCurve (foredeckControlPoints, numPoints);

Midship curves
Default values
midA = [0, O07;

midAB = [0.10, 0];
midB = [0.75, 0.40];
midBC = [1, 0.807;

>
S
o
S

midC = [1, 17;
midshipSectionControlPoints = [midA; midAB; midB; midBC; midC];
midshipSectionBezierPoints = CreateBezierCurve (midshipSectionControlPoints, numPoints)

% Aft curves
% Stern section

sternA = [0, 07;

sternAB = [0.25, 0];

sternB = [0.75, 0.201];

sternBC = [0.95, 0.507;

sternC = [1, 17;

sternSectionControlPoints = [sternA; sternAB; sternB; sternBC; sternC];
sternSectionBezierPoints = CreateBezierCurve (sternSectionControlPoints, numPoints);

% Aft deck

adAa = [0, 0];

adAB = [0.25, 0.40];
adB = [0.65, 0.60];

adBC = [0.85, 17;

adCc = [1, 11;

aftDeckControlPoints = [adA; adAB; adB; adBC; adC]l;

aftDeckBezierPoints = CreateBezierCurve (aftDeckControlPoints, numPoints);

% Aft keel

aftKeelA = [0, 0];

aftKeelAB = [0.25, 0];

aftKeelB = [0.65, 0.10];

aftKeelBC = [0.75, 1];

aftKeelC = [1, 1];

aftKeelControlPoints = [aftKeelA; aftKeelAB; aftKeelB; aftKeelBC; aftKeelC];
aftKeelBezierPoints = CreateBezierCurve (aftKeelControlPoints, numPoints);

%% Plot curves and control points

% Foreship curves

figure (' Name’,’Foreship Curves’)

subplot (2,2,1)

PlotBezier (bowBezierPoints, bowControlPoints, ’Bow_Curve’, ’'xz’)

subplot (2,2, 2)

PlotBezier (foredeckBezierPoints, foredeckControlPoints, ’'Foredeck’, ’'xy’)

subplot (2,2, 3)

PlotBezier (midshipSectionBezierPoints, midshipSectionControlPoints, ’Forward_Midship_
Curve’, ’'yz')

subplot (2,2,4)

PlotBezier (bowTipBezierPoints, bowControlPoints, ’'Bow_Tip’, ’'yz’)

% Aft curves

figure (' Name’, ’Aft_Curves’)

subplot (2,2,1)

PlotBezier (aftKeelBezierPoints, aftKeelControlPoints, ’Aft Keel’, ’'xz’)
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subplot (2,2, 2)

PlotBezier (aftDeckBezierPoints, aftDeckControlPoints, ’'Aft Deck’, ’'xy’)

subplot (2,2, 3)

PlotBezier (midshipSectionBezierPoints, midshipSectionControlPoints, ’'Aft_Midship, Curve
"y Tyz')

subplot (2,2,4)

PlotBezier (sternSectionBezierPoints, sternSectionControlPoints, ’Stern_Section’, ’'yz’)

%% Generate linear x-values, interpolate and verify shape

[bowBezierPoints, foredeckBezierPoints, aftKeelBezierPoints,
aftDeckBezierPoints] = Linear (bowBezierPoints, foredeckBezierPoints,
aftKeelBezierPoints, aftDeckBezierPoints);

%% Translate foreship curves to fit ship dimentions

[bowTipBezierPoints, bowBezierPoints, foredeckBezierPoints,
bowTipTop] = TranslateForeship (bowTipBezierPoints,
bowBezierPoints, foredeckBezierPoints);

%% Translate aft curves to fit ship dimentions

[sternSectionBezierPoints,aftKeelBezierPoints, aftDeckBezierPoints,
sternDeckPoints] = TranslateAft (sternSectionBezierPoints,aftKeelBezierPoints,
aftDeckBezierPoints);

%% Translate midship curves to fit ship dimentions

[midshipSectionBezierPointsAft, midshipSectionBezierPointsFront, midshipKeelPoints,
ﬁiashipDeckPoints] = TranslateMidship (midshipSectionBezierPoints);

%% Midship Coefficient check

if adjust == 1
% Check current Cm value
currentCm = FindCm(midshipSectionBezierPointsAft, DWL);

while currentCm < (Cm - 0.01) || currentCm > (Cm + 0.01)
% Adjust Control Points Z direction
if currentCm < Cm
direction = 0;
newControlPoints = AdjustMidshipControlPointsZ (midshipSectionControlPoints
, direction);

elseif currentCm > Cm
direction = 1;
newControlPoints = AdjustMidshipControlPointsZ (midshipSectionControlPoints
, direction);
end

)

% Adjust Control Points Y direction

if newControlPoints == midshipSectionControlPoints
if currentCm < Cm
direction = 1;

newControlPoints = AdjustMidshipControlPointsY (
midshipSectionControlPoints, direction);

elseif currentCm > Cm
direction = 0;
newControlPoints = AdjustMidshipControlPointsY (
midshipSectionControlPoints, direction);
end
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end

end

if newControlPoints == midshipSectionControlPoints
break;

end

% New midship curve

midshipSectionControlPoints = newControlPoints;

midshipSectionBezierPoints = CreateBezierCurve (midshipSectionControlPoints,
numPoints) ;

% Translate new midship curve

[midshipSectionBezierPointsAft, midshipSectionBezierPointsFront,
midshipKeelPoints,

midshipDeckPoints] = TranslateMidship (midshipSectionBezierPoints);

% Update Cm
currentCm = FindCm(midshipSectionBezierPointsAft, DWL);

disp ([’ The_closest_Cm-value_generated is:_/, num2str(currentCm, 4)])

end

o° o°

figure

o° o°

_,)I
plot (-
=)
title(
xlabel
ylabel

oe

o° o° o° o

%% 3D-pl

figure

PlotThis
PlotThis
PlotThis
PlotThis
PlotThis
PlotThis
PlotThis
PlotThis
PlotThis
PlotThis
PlotThis
PlotThis

title(’S
grid on
xlabel ('
ylabel ('
zlabel ('

x1im([-5
ylim([=(
zlim ([—(

%% Expor
o
%

% Midship curve figure
Uncomment to generate new midship section figure after Cm-adjustment

plot (midshipSectionBezierPointsFront (:,2), midshipSectionBezierPointsFront(:,3), 'b

hold on
midshipSectionBezierPointsFront (:,2), midshipSectionBezierPointsFront (:,3), 'b

"Midship Profile’)
(ry”)
("z")

grid on

ot of main curves

bowBezierPoints)
foredeckBezierPoints)
bowTipBezierPoints)
midshipSectionBezierPointsAft)
midshipSectionBezierPointsFront)
midshipKeelPoints)
midshipDeckPoints)
sternSectionBezierPoints)
aftKeelBezierPoints)
aftDeckBezierPoints)
sternDeckPoints)

bowTipTop)

hip _Skeleton’)

X")
Y")
zZ')
(shipLength + 5)1)
shipLength/2 + 5) (shipLength/2 + 5)1)
shipLength/2 + 5) (shipLength/2 + 5)1)

t of main curves

Uncomment to generate
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save ("bowBezierPoints.pts’, ’'bowBezierPoints’, ’-ascii’)

save (' foredeckBezierPoints.pts’, ’foredeckBezierPoints’, ’-ascii’)
save ('bowTipBezierPoints.pts’, ’'bowTipBezierPoints’, ’-ascii’)
save (

o o0 d° d°o o

ascii’)

save ('midshipKeelPoints.pts’, ’'midshipKeelPoints’, ’'-ascii’)
save ('midshipDeckPoints.pts’, ’'midshipDeckPoints’, ’'-ascii’)
save
"aftKeelBezierPoints.pts’, ’"aftKeelBezierPoints’, ’-ascii’)
"aftDeckBezierPoints.pts’, ’"aftDeckBezierPoints’, ’-ascii’)
"sternDeckPoints.pts’, ’'sternDeckPoints’, ’'-ascii’)
"bowTipTop.pts’, ’'bowTipTop’, ’'-ascii’)

save
save
save

o o0 o° o0 o0 d° o

save
% Interpolate and scale curves

Uncomment plots to generate figures to visualize the interpolation
and scaling stages

o° o° oe

% Foreship
% Interpolate foreship x-direction
foreshipInterpolatedCurves = Interpolate (midshipSectionBezierPointsFront,
bowTipBezierPoints);
figure

PlotCurves (foreshipInterpolatedCurves, ’Foreship Interpolated Curves’)
PlotThis (foredeckBezierPoints)

PlotThis (bowBezierPoints)

PlotThis (midshipSectionBezierPointsFront)

PlotThis (bowTipBezierPoints)

o° o° d° o° o oo

o

% Scale to bow

foreshipScaledCurves = ScaleZ (foreshipInterpolatedCurves, bowBezierPoints);
figure

PlotCurves (foreshipScaledCurves, ’'Foreship Scaled Curves Z-Direction’)
PlotThis (foredeckBezierPoints)

PlotThis (bowBezierPoints)

PlotThis (midshipSectionBezierPointsFront)

PlotThis (bowTipBezierPoints)

o° o° d° o° o° o

% Scale to deck

foreshipScaledCurves = ScaleY (foreshipScaledCurves, foredeckBezierPoints);
figure

PlotCurves (foreshipScaledCurves, ’'Foreship Scaled Curves Y-Direction’)
PlotThis (foredeckBezierPoints)

PlotThis (bowBezierPoints)

PlotThis (midshipSectionBezierPointsFront)

PlotThis (bowTipBezierPoints)

o° o d° o° od° o

o°

Interpolate tip
tipInterpolatedCurves = Interpolate (bowTipBezierPoints, bowTipTop);

% Midship

% Interpolate midship x-direction

midshipInterpolatedCurves = Interpolate (midshipSectionBezierPointsAft,
midshipSectionBezierPointsFront);

% Aft
% Interpolate aft x-direction
aftInterpolatedCurves = Interpolate(sternSectionBezierPoints,

midshipSectionBezierPointsAft);

% Scale to aft keel
aftScaledCurves = ScaleZ(aftInterpolatedCurves, aftKeelBezierPoints);

"midshipSectionBezierPointsAft.pts’, 'midshipSectionBezierPointsAft’,
save ('midshipSectionBezierPointsFront.pts’, ’'midshipSectionBezierPointsFront’, '-—

"sternSectionBezierPoints.pts’, ’'sternSectionBezierPoints’, ’-ascii’)

"—ascii’)
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% Scale to aft deck

aftScaledCurves = ScaleY (aftScaledCurves, aftDeckBezierPoints);
figure

PlotInterpCurves (aftScaledCurves, 'Aft Scaled curves’)
PlotThis (aftDeckBezierPoints)

PlotThis (aftKeelBezierPoints)

PlotThis (sternSectionBezierPoints)

PlotThis (midshipSectionBezierPointsAft)

o° o° d° o° od° o

o°

Interpolate stern
sternInterpolatedCurves = Interpolate(sternSectionBezierPoints, sternDeckPoints);

%% Surface
% Generate surface figure

figure

CreateSurface (sternInterpolatedCurves);
CreateSurface (aftScaledCurves) ;
CreateSurface (midshipInterpolatedCurves) ;
CreateSurface (foreshipScaledCurves) ;
CreateSurface (tipInterpolatedCurves) ;

% Include curves

PlotThis (midshipSectionBezierPointsFront)
PlotThis (bowBezierPoints)
PlotThis (foredeckBezierPoints)

PlotThis (bowTipBezierPoints)

PlotThis (midshipSectionBezierPointsAft)
PlotThis (midshipKeelPoints)

PlotThis (midshipDeckPoints)

PlotThis (sternSectionBezierPoints)
PlotThis (aftKeelBezierPoints)

PlotThis (aftDeckBezierPoints)

PlotThis (sternDeckPoints)

PlotThis (bowTipTop)

title ('’ Ship Surface’, ’'FontSize’, 16)
xlabel (" X")

ylabel ("Y")

zlabel ('2")

x1im([-5 (shipLength + 5)1)

ylim([- (shipLength/2 + 5) (shipLength/2 + 5)1)
zlim ([~ (shipLength/2 + 5) (shipLength/2 + 5)1)

%% Generate stl

% Main surfaces

[sternSurfX, sternSurfY, sternSurfZ] = SurfVec (sternInterpolatedCurves);

[aftSurfX, aftSurfY, aftSurfZ] = SurfVec(aftScaledCurves);

[midSurfX, midSurfY, midSurfZ] = SurfVec (midshipInterpolatedCurves);

[foreSurfX, foreSurfY, foreSurfZ] = SurfVec (foreshipScaledCurves);

[tipSurfX, tipSurfY, tipSurfZ] = SurfVec(tipInterpolatedCurves);

% Deck surfaces

[aftDeckSurfX, aftDeckSurfY, aftDeckSurfZ] = CreateDeckSurface (aftDeckBezierPoints);

[midDeckSurfX, midDeckSurfY, midDeckSurfZ] = CreateDeckSurface (midshipDeckPoints);

[foreDeckSurfX, foreDeckSurfY, foreDeckSurfZ] = CreateDeckSurface (foredeckBezierPoints
)

surf2stl (’sternSurface.stl’, sternSurfX, sternSurfY, sternSurfZ)

(
surf2stl ("aftSurface.stl’, aftSurfX, aftSurfy, aftSurfz)

surf2stl ('midSurface.stl’, midSurfX, midSurfY, midSurf?)
surf2stl (' foreSurface.stl’, foreSurfX, foreSurfY, foreSurfiz)

surf2stl ('tipSurface.stl’, tipSurfX, tipSurfY, tipSurfZ)

surf2stl ("aftDeckSurface.stl’, aftDeckSurfX, aftDeckSurfY, aftDeckSurf?z)
surf2stl ('midDeckSurface.stl’, midDeckSurfX, midDeckSurfY, midDeckSurf?z)
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surf2stl (! foreDeckSurface.stl’, foreDeckSurfX, foreDeckSurfY, foreDeckSurf?7)

%% Curve functions

)

% Interpolation
function[interpolatedCurves] = Interpolate(curvel,

C

urve?2)

% Define the number of interpolation points (including reference points)

numPoints = size(curvel,l);

)

% Interpolate between the two curves

interpolatedCurves = zeros(size(curvel, 1), 3, numPoints);

)

% Loop through the number of interpolations
for 7 = l:numPoints
% Loop through X,Y,Z

for 1 = l:size(curvel, 2)
% Loop through the rows of each curve
for k = 1l:size(curvel, 1)

% Start and end values to evaluate
startStop = [curvel(k,i), curve2(k,i)];

o\

b

g = linspace(l, 2, numPoints);
% Linear interpolation
vqg = interpl(startStop, xqg);

% Store the interpolated values
interpolatedCurves(k, i, :) = vqg;
end
end

)

% Scale in Z-direction

function[scaledCurves] = ScaleZ(interpolatedCurves,
% Initialize the scaled curves
scaledCurves = interpolatedCurves;

% Loop through all curves
for 1 = 1l:size(curve,l)

)

curve)

Set of query points between start and end positions

% Calculate the scaling factor based on the desired start Z-value

startZ = interpolatedCurves(l, 3, 1i);

endZ = interpolatedCurves (size (curve,l), 3, 1i);

newStart = curve (i, 3);

zScalingFactor = (endZ - newStart) / (endZ - start?);

% Store the scaled values

scaledCurves(:, 3, i) = interpolatedCurves(:, 3, 1) .* zScalingFactor +

zScalingFactor) .* endZ;

)

% Scale in y-direction

function[scaledCurves] = ScaleY (interpolatedCurves,
% Initialize the scaled curves
scaledCurves = interpolatedCurves;

% Loop through all curves
for 1 = 1l:size(curve,l)

curve)

(1
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)

% Calculate the scaling factor based on the desired Y-value

startY = interpolatedCurves(size(curve,l), 2, 1i);
endY = interpolatedCurves(l, 2, 1i);

newStart = curve (i, 2);

yScalingFactor = (endY - newStart) / (endY - startY);

)

% Store the scaled values

scaledCurves(:, 2, i) = interpolatedCurves(:, 2, 1) .* yScalingFactor +

yScalingFactor) .x endY;
end
end

%% Plot functions

% Plot 2D curves

function[] = PlotBezier (curve, controlPoints, Title, plane)
% Plot of main curve and its control points

plot (curve(:,1), curve(:,2)), hold on

plot (controlPoints(:, 1), controlPoints(:, 2), ’"ko’, ’'MarkerFaceColor’,

plot (controlPoints(:, 1), controlPoints(:, 2), "k——'), hold off
title(Title)

o

% Determine the axis labels

if plane == ’"xz’ $#0k<BDSCA>
xlabel (" X')
ylabel ('Z")

elseif plane == ’'yz’ $%$#0k<BDSCA>
xlabel ('Y')
ylabel ('Z")

elseif plane == ’'xy’ %$#0ok<BDSCA>
xlabel (' X')
yvlabel ('Y")

end

grid on

end

)

% Plot interpolated curves

function[] = PlotInterpCurves (scaledCurves, Title)
% Loop through the number of curves to be plotted
for 1 = l:size(scaledCurves, 1)

plot3(scaledCurves(:,1,1i), scaledCurves(:,2,1i), scaledCurves(:,3,1),

LineWidth’,1)
hold on
end

xlabel ("X");

ylabel ("Y");

zlabel ("2");

title(Title);
grid on;

end

)

% Plot main curves + mirror
function[] = PlotThis (curve)

plot3(curve(:,1), curve(:,2), curve(:,3), ’'k’, ’"LineWidth’, 1), hold on

plot3(curve(:,1), -curve(:,2), curve(:,3), "k’, ’'LineWidth’, 1)

end

!k!)

Ikl,

(1
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%% Surface functions

)

% Surface plot

function[] = CreateSurface (surfaceCurves)

)

varX =
varY
varz =

o)

zAbove
zBelow

)

% Separate the Z wvalues

% Extract X, Y and Z values

squeeze (surfaceCurves(:,1,:
squeeze (surfaceCurves(:,2, :
squeeze (surfaceCurves(:, 3, :

% Create copies of the Z matrix
= variz;
= vari;

zAbove (zAbove <= -0.05) = NaN;
zBelow (zBelow > 0.05) = NaNj;

)

% Generate surface

surf (varX, varY, zAbove, ’'FaceColor’,
surf (varX, wvarY, zBelow, ’'FaceColor’,

o

% Mirror

Igl
14

rp’
14

above and below the waterline

"EdgeColor’,’none’),
"EdgeColor’,’none’)

surf (varX, -varY, zAbove, ’'FaceColor’, ’'g’, ’"EdgeColor’,’none’)
surf (varX, -varY, zBelow, ’'FaceColor’, ’'b’, ’'EdgeColor’,’none’)
end

O

o

% Create XYZ for stl

function[surfX, surfY, surfz] = SurfVec(surfaceCurves)

o

surfX
surfyY
surf?z

)

% Create mirror matrices

% Extract X, Y and Z values
squeeze (surfaceCurves(:,1, :
squeeze (surfaceCurves (:,2, :

squeeze (surfaceCurves (:, 3,

mirroredX = flip(surfX);

1))

by flipping them

mirroredY = flip(surfY);

mirroredZ = flip(surf?Z);

% Store the coordinates in new matrices
surfX = [mirroredX; surfX];

surfY¥ = [-mirroredY; surfY];

surfz = [mirroredZ; surfZ];

end

o

% Create deck surface

function[surfX, surfY, surfZ] = CreateDeckSurface (deckCurve)

o

surfX
surfY
surf?z

% Generate deck

surfX =

surfyY
surfz

)

surfX =

surfyY
surfz

end

% Extract X, Y and Z values

deckCurve (:,1);
deckCurve (:,2);
deckCurve (:, 3);

[surfX; surfX];
[surfY; -surfY];
[surfZ; surfzl;

% Reshape vector into n x 2 matrix

reshape (surfX, [], 2);
reshape (surfy, []1, 2);
reshape (surfz, []1, 2);

surface vector with mirror

hold on
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%% Midship Coefficient

function[currentCm] = FindCm(midshipPoints, DWL)
% Define tolerance and extract Z and Y-values
tolerance = 0.2;

zValues = abs(midshipPoints(:,3));

yValues = abs (midshipPoints(:,2));

% Find the indices where Z is close to zero
zZerolIndices = find(zValues <= tolerance);

)

% Generate array of the closest Z-values

closestValue =[];
for 1 = l:size(zZerolIndices)
closestValue (i) = zValues(zZeroIndices(i));
end

)

% Determine the Z-value and find the corresponding index
closestValue = min(closestValue);

zZeroIndex = find(zValues == closestValue);

% Determine waterline breadth

waterlineBreadth = abs (midshipPoints (zZeroIndex,2)) =* 2;

% Determine the curve points below the waterline and calculate submerged
% area
zValuesBelow

zValues (l:zZeroIndex) ;
yValuesBelow = yValues (l:zZeroIndex);
currentArea = trapz(yValuesBelow, zValuesBelow) =* 2;

)

% Calculate Cm

currentCm = currentArea/ (waterlineBreadth = DWL);

end

function[adjustedControlPoints] = AdjustMidshipControlPointsY (oldControlPoints,
direction)

)

% Determine the number of control points and define limits
numControlPoints = length(oldControlPoints);
limit = [0 17;
% Define a tolerance and initialize the adjusted control points
tolerance = 1le-10;
adjustedControlPoints = oldControlPoints;

% Determine direction of adjustment
if direction == 1

% Adjust control points while ignoring the first and two last
for 1 = 2: (numControlPoints - 2)

if oldControlPoints(i,1) < limit (2)

oldControlPoints(i,1) = oldControlPoints(i,1) + 0.01;

end

% Store the updated values

adjustedControlPoints (i,1l) = oldControlPoints(i,1);
end

elseif direction == 0
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for 1 = 2: (numControlPoints - 2)
if oldControlPoints(i,1) > (limit (1) + tolerance)
oldControlPoints(i,1l) = oldControlPoints(i,1) - 0.01;
end
adjustedControlPoints (i,1l) = oldControlPoints(i,1);
end

end

oe

function [adjustedControlPoints] = AdjustMidshipControlPointsZ (oldControlPoints,
direction)

% Determine the number of control points and define limits
numControlPoints = length (oldControlPoints);
limit = [0 17;
% Define a tolerance and initialize the adjusted control points
tolerance = le-10;
adjustedControlPoints = oldControlPoints;

% Determine direction of adjustment
if direction == 1

% Adjust control points while ignoring the last and two first
for 1 = 3: (numControlPoints - 1)

if oldControlPoints(i,2) < limit (2)

oldControlPoints (i,2) = oldControlPoints(i,2) + 0.01;

end
% Store the updated values
adjustedControlPoints (i,2) = oldControlPoints(i,2);
end
elseif direction == 0
for 1 = 3:(numControlPoints — 1)

if oldControlPoints(i,2) > (limit (1) + tolerance)
oldControlPoints (i,2) = oldControlPoints(i,2) - 0.01;
end
adjustedControlPoints (i,2) = oldControlPoints(i,2);
end

end

end

%% Bezier Curve generator
function[bezierPoints] = CreateBezierCurve (controlPoints, numPoints)

o\°

Number of control points
n = size(controlPoints, 1);

o\

Set of points to evaluate the curve at

t = linspace (0, 1, numPoints);

% Preallocate array to store curve points
bezierPoints = zeros(length(t), 2);

% Calculate curve points for each parameter value
for 3 = l:length(t)

o

% Initialize the curve point
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point = [0, O0];

% Calculate the curve point based on the control points

for i = 1:n
binomialCoeff = nchoosek(n - 1, i - 1);
basis = binomialCoeff x (1 - t(J)) " (n — 1) = t(3)" (1 - 1);
point = point + basis x controlPoints (i, :);

end

% Store the calculated point in the curvePoints array
bezierPoints(j, :) = point;

end

end
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Listing 2: Linear MATLAB function

function [bowBezierPoints, foredeckBezierPoints, aftKeelBezierPoints,
aftDeckBezierPoints] = Linear (bowBezierPoints, foredeckBezierPoints,
aftKeelBezierPoints, aftDeckBezierPoints)

% Import appropriate variables

global numPoints

% New set of X-values

xPositions = linspace (0, 1, numPoints);

% Interpolate Z positions bow
zPositionsBow = interpl (bowBezierPoints(:,1), bowBezierPoints(:,2), xPositions);

)

% Interpolate Y positions foredeck

yPositionsForedeck = interpl (foredeckBezierPoints(:,1), foredeckBezierPoints(:,2),

xPositions) ;

% Interpolate Z positions aft keel

zPositionsAftKeel = interpl (aftKeelBezierPoints(:,1), aftKeelBezierPoints(:,2),
xPositions);

% Interpolate Y positions aft deck

yPositionsAftDeck = interpl (aftDeckBezierPoints(:,1), aftDeckBezierPoints(:,2),
xPositions);

$figure
%plot (bowBezierPoints(:,1), bowBezierPoints(:,2), ’'b-"), hold on
% plot (foredeckBezierPoints(:,1), foredeckBezierPoints(:,2), ’'r-'")

)

% Create new Bezier curves from the updated positions

bowBezierPoints = [xPositions’, zPositionsBow’];
foredeckBezierPoints = [xPositions’, yPositionsForedeck’];
$plot (bowBezierPoints(:,1), bowBezierPoints(:,2), ’'ko’)

%$legend(’Original Bow Curve’, ’CurvePoints after linearization’, ’Location’,’northwest

")
$title ('Bow Curve Linearized in X-Direction’)
$xlabel (' X')
%ylabel (7Z")
%$grid on
%plot (foredeckBezierPoints(:,1), foredeckBezierPoints(:,2), ’'ko’), hold off

figure
plot (aftKeelBezierPoints(:,1), aftKeelBezierPoints(:,2), ’'b-"), hold on
plot (aftDeckBezierPoints(:,1), aftDeckBezierPoints(:,2), "r-")

o° o o°

o

% Create new Bezier curvs from the updated positions
aftKeelBezierPoints = [xPositions’, zPositionsAftKeel’];
aftDeckBezierPoints = [xPositions’, yPositionsAftDeck’];

% plot (aftKeelBezierPoints(:,1), aftKeelBezierPoints(:,2), ’'ko’)



4 % plot (aftDeckBezierPoints(:,1), aftDeckBezierPoints(:,2), ’'ko’), hold off
47
48 end

Listing 3: TranslateForeship MATLAB function

1 function [bowTipBezierPoints, bowBezierPoints, foredeckBezierPoints,
2 bowTipTop] = TranslateForeship (bowTipBezierPoints,
3 bowBezierPoints, foredeckBezierPoints)

s global midshipBreadth midshipLength midshipHeight
¢ foreshipLength tipHeight tipBottom tipBreadth

7 aftLength

8 numPoints DWL shipLength zeroColumn heightColumn

% Bow tip

2 % Fit to yz-plane

13 bowTipBezierPoints(:,1)
14 bowTipBezierPoints(:,2)

tipBreadth/2 * bowTipBezierPoints(:,1);
tipHeight % bowTipBezierPoints(:,2) - DWL + tipBottom;

o

16 $ Translation in x-direction, generate 3D-coordinates
17 lengthColumn = shipLength * ones (numPoints,1);
18 bowTipBezierPoints = [lengthColumn, bowTipBezierPoints];

)

21 % Bow tip top
» bowTopX = bowTipBezierPoints(:,1);
3 bowTopY = bowTipBezierPoints(:,2);

24 heightColumn = midshipHeight % ones(numPoints, 1) - DWL;

5 bowTipTop = [bowTopX, bowTopY, heightColumn];

2% T
27

28 Bow

% % Fit to xz-plane
3 bowBezierPoints (:,1)
aftLength;

31 bowBezierPoints (:,2)

foreshipLength » bowBezierPoints(:, 1) + midshipLength +

bowBezierPoints(:,2) *= tipBottom - DWL;

32

33 $ Generate 3D-coordinates

3 zeroColumn = zeros (numPoints,1);

33 bowBezierPoints = [bowBezierPoints(:,1), zeroColumn, bowBezierPoints(:,2)];
% 5o~~~ ~—~ ~"~~—"~""f~—~(~“~"~"~""~"""" " ""~""~""~"¥~“"~“"¥~“~"“~"¥“~"¥“"¥“"¥“"¥“"¥*"¥*“"¥*“"*"“"¥*“"¥¥"“"¥“"¥¥@/ ¥/ V7—/—_/V—/—_{ —_ —_ ———— — — ——————

37

33 % Foredeck

39 Fit to xy-plane

4 foredeckBezierPoints(:,1) = foreshipLength % foredeckBezierPoints(:, 1) +
midshipLength + aftLength;
41 foredeckBezierPoints (:,2) = (- (midshipBreadth)/2 + tipBreadth/2) =

foredeckBezierPoints (:, 2) + midshipBreadth/2;
42
43 % Generate 3D-coordinates
u# foredeckBezierPoints = [foredeckBezierPoints, heightColumn];
45

46 end
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Listing 4: TranslateAft MATLAB function

function [sternSectionBezierPoints,aftKeelBezierPoints, aftDeckBezierPoints,

sternDeckPoints] = TranslateAft (sternSectionBezierPoints,aftKeelBezierPoints,

aftDeckBezierPoints)

global midshipBreadth midshipHeight
aftLength sternBreadth aftHeight midAftHeightDiff
numPoints DWL zeroColumn heightColumn

Stern section

Fit to yz-plane

sternSectionBezierPoints(:,1) = sternBreadth/2 * sternSectionBezierPoints(:,1);
sternSectionBezierPoints(:, 2) = aftHeight x sternSectionBezierPoints(:, 2) +
midAftHeightDiff - DWL;

o
°
o
°

o

% Translation in x-direction, create 3D-coordinates
sternSectionBezierPoints = [zeroColumn, sternSectionBezierPoints];

% Aft keel

% Fit to xz-plane

aftKeelBezierPoints (:,1) aftLength * aftKeelBezierPoints(:, 1);

aftKeelBezierPoints(:, 2) = -midAftHeightDiff * aftKeelBezierPoints(:, 2) +
midAftHeightDiff - DWL;

)

% Create 3D-coordinates

aftKeelBezierPoints = [aftKeelBezierPoints(:,1), zeroColumn, aftKeelBezierPoints(:,
17

% Aft deck

% Fit to xy-plane

aftDeckBezierPoints(:,1) = aftLength x aftDeckBezierPoints(:,1);

aftDeckBezierPoints(:,2) = (midshipBreadth/2 - sternBreadth/2) * aftDeckBezierPoints

(:,2) + sternBreadth/2;

o

% Translation in z-direction, create 3D-coordinates
aftDeckBezierPoints = [aftDeckBezierPoints, heightColumn];

% Stern deck

sternDeckY = linspace (0, sternBreadth/2,numPoints)’;
sternDeckPoints = [zeroColumn, sternDeckY, heightColumn];
end

Listing 5: TranslateMidship MATLAB function

function [midshipSectionBezierPointsAft, midshipSectionBezierPointsFront,
midshipKeelPoints,
midshipDeckPoints] = TranslateMidship (midshipSectionBezierPoints)

global midshipBreadth midshipLength midshipHeight
aftLength
numPoints DWL

% Midship section
% Fit to yz-plane

o
<
o

°

midshipSectionBezierPoints (:,1) = midshipBreadth/2 * midshipSectionBezierPoints(:,1);
(midshipHeight) * midshipSectionBezierPoints(:,2)

midshipSectionBezierPoints(:,2)
DWL;

% Midship section aft

% Translation in x-direction, generate 3D-coordinates

lengthColumn = (aftLength) * ones(numPoints,l);
midshipSectionBezierPointsAft = [lengthColumn, midshipSectionBezierPoints];
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% Midship section front
% Translation in x-direction, generate 3D-coordinates
lengthColumn = (aftLength + midshipLength) % ones(numPoints,1);

midshipSectionBezierPointsFront = [lengthColumn, midshipSectionBezierPoints];

% Midship keel line

keelX = linspace (0,midshipLength, numPoints)’ + aftLength;
midshipDraught = -DWL*ones (numPoints,1);

midshipKeelPoints = [keelX, zeros(numPoints,l), midshipDraught];

% Midship deck line

midshipDeckPoints = midshipKeelPoints;

midshipDeckPoints (:,2) = ones (numPoints, 1) * midshipBreadth/2;
midshipDeckPoints(:,3) = ones(numPoints,1l) x midshipHeight - DWL;

end
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1 Introduction

Floke is a program designed to generate a ship model based on a set of Bezier curves defining the skeleton of the hull.
These curves are created from a set of manually defined control points, and translated to fit the hull’s dimensions. The
program creates a surface from the curves and exports it to an STL (Stereolithography) file. The purpose of Floke is to
aid in the design of a ship by quickly generating a hull from a set of input parameters.

Floke is developed using MATLAB version R2023b [1].

2 Coordinate system

Floke uses a 3-dimensional Cartesian coordinate system with the origin at the stern. The X-direction defines the hull’s
longitudinal axis, the Y-direction defines the lateral axis and the Z-direction defines the vertical axis.

(a) XZ-plane as seen from starboard side (b) YZ-plane as seen from the stern

Figure 1: Coordinate system

3 Method Description

Floke divides the hull into three sections: foreship, midship and aft. As the program runs, these sections are handled
independently in all stages. The program generates a hull through this order of operations:

1. Definition of input parameters.

2. Definition of control points for the main curves.
3. Bezier curve generation.

4. Figures of the main curves.

5. Linearization of foreship and aft curves.
Translation of main curves to fit ship dimensions.
Midship coefficient adjustment.

Figure of ship skeleton.

v x® N

Interpolation of main curves.
10. Scaling the interpolated curves.
11. Figure of ship surface.

12. Surface generation and export.



3.1 Input parameters

This section handles the main inputs for the program to run. When generating a hull using Floke, this is where to
start. These parameters consist of the main ship dimensions, and some other parameters in regards to accuracy and other
conditions. The main dimensions of the hull consist of:

Table 1: Ship dimensions

midshipBreadth Breadth of the midship at maximum height
midshipLength Total length of midship in the X-direction
midshipHeight Total height of midship, measured from keel
foreshipLength Total length of foreship in the X-direction
tipHeight Height of the bow tip surface in the YZ-plane
tipBottom Calculated bottom position of the bow tip surface in the YZ-plane
tipBreadth Breadth of the bow tip surface in the YZ-plane
aftLength Total length of the aft section in the X-direction
sternBreadth Breadth of the aft-most part of the hull, measured from deck height
aftHeight Height of the stern as measured from the lowest point to deck height
midAftHeightDiff | Calculated height difference between the bottom of the stern and the midship keel line

The following parameters are also included in this section:

Table 2: Other parameters

numPoints Designates the accuracy. Determines the number of points per curve.
DWL Design water line
Cm Desired midship coefficient
adjust Determines whether the program adjusts for the desired midship coefficient. 1 for yes, 0 for no.

Most of these parameters are used as public variables by using the global keyword. This ensures that the external functions
have access to information about the ship’s main dimensions.

3.2 Control Points

The main curves of the hull are defined by sets of two-dimensional control points, which may be manipulated to change
the shape of the curves. Each curve has five control points by default, but more can be added if needed. This section is
responsible for defining the shape of the hull once the main parameters are declared. The coordinate values of the control
points are within the range [0 1]. Although possible, it is not advised to define control points outside this range, as this
may cause adverse effects on the processes following this section.

3.3 Bezier Curve Generation

To prepare the control points for Bezier curve generation, they are collected in a column array. Each curve is generated
by calling the CreateBezierCurve (4.1.1) function and passing in the control points array and the accuracy parameter
numPoints. The numPoints paramater will hereby be referred to as n. The curves generated in this stage are stored in
(n x 2) matrices, and make up the main curves that define the shape of the hull.



3.4 Figures of main curves

The main curves are illustrated in two different figures, foreship and aft. Each figure is divided into four subplots, and the
curves are plotted using the PlotBezier (4.1.6) function. For the foreship, the figure contains plots of the bow, foredeck,
front midship and tip curves. The aft section figure contains plots of the keel, aft deck, aft midship and stern section
curves.

3.5 Linearization

The longitudinal curves defining the foreship and aft sections are linearized in the X-direction using the external function
Linear (4.2.1). This function generates linearly spaced X-values for the foredeck, bow, aft deck and aft keel curves. It
then performs linear interpolation on the curve’s Y or Z-values, depending on orientation. This ensures that the points on
each curve has corresponding X-values to simplify the surface generation in the interpolation and scaling stages.

3.6 Translation

This section employs the ship dimension parameters to translate the main curves to their appropriate positions in three
dimensions. This is done using the external TranslateForeship (4.2.2), Translate Aft (4.2.3) and TranslateMidship (4.2.4)
functions. These functions import the global variables from the parameters in 3.1 to use as references when translating.
Once the operation is finished, the new and translated curves are stored in (n x 3) matrices, where the columns designate
the X, Y and Z-values respectively.

3.7 Midship Coefficient Adjustment

If the adjust parameter is set to 1, this section will first call the FindCm (4.1.2) function to calculate the midship coefficient
of the current design, currentCm. Then, the control points of the midship section are adjusted. This process alters the
shape of the midship by moving the control points until currentCm equals the desired Cm, as defined in the parameters
section. This is done using a while loop for as long as the following condition is true:

while currentCm <(Cm - 0.01) || carrentCm >(Cm + 0.01)

After each adjustment, the CreateBezierCurve, TranslateMidship and FindCm functions are called again to update the
variables. The tolerances are included to ensure that the loop breaks when currentCm is approximately equal to Cm.
These tolerances may be reduced to increase accuracy, but will also increase the risk of creating an endless loop. The loop
will also break if the control points reach the limits of their domain [0 1]. The directions in which the control points need
to be changed are decided using if-statements inside the loop. Adjustment in the negative direction is designated as 0 and
adjustment in the positive direction is designated as 1. The vertical direction is evaluated first:

if currentCm <Cm
direction = 0;

elseif currentCm >Cm
direction = 1;

The AdjustMidshipControlPointsZ (4.1.3) function is then called to adjust the midship section control points in the vertical
direction. This means the midship section will only be adjusted in the vertical direction until the condition of the while
loop is met. It is only when the adjusted control points reach their limits that the loop moves on to evaluate the lateral
direction by calling the AdjustMidshipControlPointsY (4.1.3) function. This is done by assessing whether there has been
a change in the control points after being evaluated for the vertical direction:

if newControlPoints == midshipSectionControlPoints

The loop breaks once currentCm is equal to the desired Cm or when the control points reach their limits, whichever comes
first.

The control points are adjusted in the vertical direction first, due to the characteristics of the midship coefficient. To
increase the transverse submerged area while maintaining the original draught and total breadth, there are two possibilities.
The first is to increase the control points horizontally, generating a wider midship section curve. The second is to decrease



the control points vertically, generating a deeper curve. As an increase in the horizontal direction also increases the
waterline breadth, there is an increase in both the submerged area and the rectangular area. There is therefore a greater
change in the midship coefficient by changing the control points in the vertical direction first.

3.8 Interpolation

Using the internal function Interpolate (4.1.4) and passing in two lateral curves generates linearly interpolated curves
between the two. The number of intermediate curves is decided by the accuracy. Floke handles the interpolation in the
positive X-direction. The foreship curves are generated first, between the front midship section and the bow tip curve.
The midship curves are second, generated between the aft midship section and the front midship section. Then, the aft
curves are generated between the stern section and aft midship section. Lastly, the vertical bow tip and stern surfaces are
generated using the same function. The surfaces are stored in (n X 3 X n) matrices for n number of rows, three columns
representing X, Y and Z, and n number of surface curves.

3.9 Scaling

As the interpolation stage does not account for the longitudinal curves, a scaling operation is needed. This ensures that
the start and end points of the interpolated curves coincide with the curves defining the bow, foredeck, aft deck and aft
keel. The foreship is handled first by calling the ScaleZ (4.1.5) and ScaleY (4.1.5) functions. The aft section is handled
second. As the midship is defined by two identical curves, the front and aft midship section curves, there is no need to
perform the scaling operation on them.

3.10 Surface generation and export

The interpolated surface points are separated into (2n X n) vectors containing X, Y and Z-values with the SurfVec (4.1.10)
function. The number of rows are doubled, due to the mirroring of the surface curves. This is to prepare the surfaces for
the export function surf2stl. The deck surfaces are generated and stored in the same way using the CreateDeckSurface
(4.1.11) function and passing in the appropriate deck curve. The export of the model is handled by the surf2stl function
by passing in the X,Y and Z-values from each surface. The function is called once for each surface, which creates several
STL-files. This is to make sure there will not be any additional surfaces drawn between the start and end points of two
different surfaces. Should there be a desire to generate the surface from a single file, the recommended procedure is to
import each surface into a 3D-modelling program and saving the entire hull as a single file. Otherwise, there may be parts
of the hull surfaces that overlap or are discontinuous.



4 Functions

This section provides detailed descriptions of the functions used in Floke. There are two different types of functions:
internal and external. The internal functions are integrated in the program itself, while the external functions are called
from outside the script.

4.1 Internal functions
4.1.1 CreateBezierCurve

Input parameters:

¢ controlPoints: A matrix containing the control points of the Bezier curve, where the columns represent the X and
Y-values.

e numPoints: The number of points to evaluate the curve at.

Output:

* bezierPoints: A matrix containing the points lying on the Bezier curve, where the columns represent the X and
Y-values.

This function generates the main curves of the hull through the following algorithm:
1. Determine the number of control points.
2. Generate a set of evenly spaced parameters ranging from O to 1 based on the specified number of points.
3. Preallocate an array to store the curve points.
4. For each parameter value, calculate the corresponding point on the Bezier curve using De Casteljau’s algorithm:

(a) Initialize the point to [0 0].
(b) For each control point, calculate the Bernstein basis polynomial and multiply it with the control point. Add
the result to the current point on the Bezier curve.

(c) Store the point in the BezierPoints array.

Listing 1: CreateBezierCurve MATLAB function

1 function [bezierPoints] = CreateBezierCurve (controlPoints, numPoints)
2

3 % Number of control points

4 n = size(controlPoints, 1);

EN
oe

Set of points to evaluate the curve at

7 t = linspace (0, 1, numPoints);

8

9 % Preallocate array to store curve points

10 bezierPoints = zeros(length(t), 2);

11

12 % Calculate curve points for each parameter value

13 for j = 1l:length(t)

14

15 % Initialize the curve point

16 point = [0, 0];

17

18 % Calculate the curve point based on the control points
19 for i = 1:n

20 binomialCoeff = nchoosek(n - 1, 1 - 1);

21 basis = binomialCoeff x (1 - t(J)) " (n — i) » t(J3)° (i - 1);
2 point = point + basis x controlPoints (i, :);

23 end

24

25 % Store the calculated point in the curvePoints array
26 bezierPoints (j, :) = point;

27 end

2 end




4.1.2 FindCm

Input parameters:
* midshipPoints: The matrix containing the Bezier points for the midship section curve.
* DWL: Design water line

Output:

 currentCm: Midship coefficient for the current configuration of main curves.

This function generates the value of the midship coefficient through the following algorithm:
1. Find breadth at waterline.
(a) Define a tolerance at waterline level.
(b) Extract absolute Z and Y-values from the midship section curve.
(c) Find all Z-values close to zero, within the tolerance.
(d) Iterate through the chosen Z-values to find the closest.
(e) Determine the index of the closest value.
(f) Extract waterline breadth as the Y-value at the determined index.

2. Generate a set of Z and Y-values below the waterline.

3. Determine the transverse submerged area by applying the trapezoidal rule using the trapz function with the previous
Z and Y-values as arguments.

4. Determine the midship coefficient by dividing the submerged area by the rectangle defined by the waterline breadth
and draught.

Please note that the waterline breadth and submerged area are multiplied by two. This is because the method determines
the distance from the centerline to the side of the hull, not the entire breadth.

Listing 2: FindCm MATLAB function

function[currentCm] = FindCm(midshipPoints, DWL)

3 $ Define tolerance and extract Z and Y-values
4+ tolerance = 0.2;

s zValues = abs(midshipPoints(:,3));

6 yValues = abs(midshipPoints(:,2));

8 $ Find the indices where Z is close to zero
zZerolIndices = find(zValues <= tolerance);

11 % Generate array of the closest Z-values

12 closestValue =[];

13 for 1 = l:size(zZerolIndices)

14

15 closestValue (i) = zValues(zZeroIndices(i));
16

17 end

19 ¥ Determine the Z-value and find the corresponding index
20 closestValue = min(closestValue);
zZerolIndex = find(zValues == closestValue);

=)

3 % Determine waterline breadth
» waterlineBreadth = abs(midshipPoints (zZeroIndex,2)) * 2;

Determine the curve points below the waterline and calculate submerged

)
S
o° o

27 area
28 zValuesBelow = zValues(l:zZeroIndex);
29 yValuesBelow = yValues (l:zZerolIndex);
3 currentArea = trapz(yValuesBelow, zValuesBelow) =* 2;



31

» % Calculate Cm

3 currentCm = currentArea/ (waterlineBreadth = DWL);
34

33 end
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4.1.3 AdjustMidshipControlPoints functions

There are two nearly identical functions designed to adjust the control points of the midship section curve. The first
adjusts the control points in the Y-direction only by calling the AdjustMidshipControlPointsY version. The other adjusts
the control points in the Z-direction only by calling the AdjustMidshipControlPointsZ version. To ensure that the curve
remains tangent at the start and end points, both functions will ignore a selection of three control points. The reason for
the distinction between the two versions of the function is because this selection is determined differently for each one. In
the Y-direction, the first (at the keel) and the two last (at the deck) control points are ignored. In the Z-direction, the last
and the two first control points are ignored.

Input parameters:

¢ oldControlPoints: The original control points to be changed.

¢ direction: The direction of the change in Y or Z, 1 for the positive and O for the negative.
Output:

« adjustedControlPoints: New control points, adjusted in the appropriate direction.

These functions generate adjusted control points through the following algorithm:
1. Determine the number of control points.
2. Define the lower and upper limits of the control points as [0 1].
3. Define a tolerance close to zero.

Initialize the new control points to be equal to the old.

Determine direction of adjustment.

AN AR

Adjust the control points.

(a) For each applicable control point, determine whether it has reached its limits.

(b) If not, increase or decrease the Y or Z-value by 0.01, dependent on the direction and the version of the function
used.

(c) Update the adjustedControlPoints array.

Please note that the function includes a tolerance when checking whether the control points have reached the lower limit,
i.e. zero. This is to compensate for precision errors in the way MATLAB handles floating point numbers. Because of
rounding errors, MATLAB may represent zero as a very low number instead. However, the limit check in the function
determines whether the value is exactly zero. This causes the control points to pass the check even though the limit has
been reached, and run another adjustment. The inclusion of the tolerance negates this issue.

Listing 3: AdjustMidshipControlPointsY MATLAB function

1 function[adjustedControlPoints] = AdjustMidshipControlPointsY (oldControlPoints,
direction)

3 $ Determine the number of control points and define limits

4+ numControlPoints = length(oldControlPoints);

s 1limit = [0 17;

¢ $ Define a tolerance and initialize the adjusted control points
7 tolerance = 1le-10;

3 adjustedControlPoints = oldControlPoints;

10 % Determine direction of adjustment

1 if direction == 1

12

13 % Adjust control points while ignoring the first and two last
14 for 1 = 2: (numControlPoints - 2)

15 if oldControlPoints(i,l) < limit (2)

16 oldControlPoints (i, 1) = oldControlPoints(i,1l) + 0.01;
17 end

18 % Store the updated values

19 adjustedControlPoints (i, 1) = oldControlPoints(i,1l);

11
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end
elseif direction == 0

for 1 = 2: (numControlPoints - 2)

if oldControlPoints(i,1l) > (limit (1) + tolerance)
oldControlPoints (i,1) = oldControlPoints(i,1) - 0.01;

end
adjustedControlPoints(i,1l) = oldControlPoints(i,1);

end

end
end

20

21

22

23

24

25

26

27

28

29

30

31

Listing 4: AdjustMidshipControlPointsZ MATLAB function

function [adjustedControlPoints] = AdjustMidshipControlPointsZ (oldControlPoints,
direction)

% Determine the number of control points and define limits
numControlPoints = length (oldControlPoints);

limit = [0 11;

% Define a tolerance and initialize the adjusted control points
tolerance = 1le-10;

adjustedControlPoints = oldControlPoints;

% Determine direction of adjustment
if direction ==

% Adjust control points while ignoring the last and two first
for 1 = 3: (numControlPoints - 1)

if oldControlPoints (i, 2) < limit (2)

oldControlPoints (i,2) = oldControlPoints(i,2) + 0.01;

end

% Store the updated values

adjustedControlPoints (i,2) = oldControlPoints(i,2);
end

elseif direction ==

for 1 = 3: (numControlPoints - 1)
if oldControlPoints(i,2) > (limit (1) + tolerance)
oldControlPoints (i,2) = oldControlPoints(i,2) - 0.01;
end
adjustedControlPoints (i,2) = oldControlPoints(i,2);
end

end
end
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4.1.4 Interpolate
Input parameters:
* curvel: The start curve for the interpolation.
* curve2: The end curve for the interpolation
Output:

* interpolatedCurves: Set of interpolated curves between the start and end-curves.

This function generates a set of interpolated curves through the following algorithm.
1. Define the number of interpolated curves, including the start and end curves.
2. Initialize a three-dimensional array of zeros to store the interpolated curves.
3. Loop through the number of interpolated curves.
4. Loop through X,Y and Z.
5. Loop through the rows of each curve.

(a) Define a vector with the start and end values to interpolate between.

(b) Define a vector of query points between the start and end values, with the same length as the number of curves
to evaluate.

(c) Interpolate between the start and end values using the interp1 function with the previous vectors as arguments.

(d) Store the interpolated values at the appropriate positions in the interpolatedCurves array.

Listing 5: Interpolate MATLAB function

function[interpolatedCurves] = Interpolate(curvel, curve?2)

)

3 $ Define the number of interpolation points (including reference points)
4 numPoints = size (curvel,l);

6 5 Interpolate between the two curves
7 interpolatedCurves = zeros(size(curvel, 1), 3, numPoints);

9 % Loop through the number of interpolations

o for 7 = l:numPoints

1 % Loop through X,Y,Z

12 for 1 = l:size(curvel, 2)

13 % Loop through the rows of each curve

14 for k = l:size(curvel, 1)

15

16 % Start and end values to evaluate

17 startStop = [curvel(k,i), curve2(k,i)];
18 % Set of query points between start and end positions
19 xg = linspace(l, 2, numPoints);

20 % Linear interpolation

21 vg = interpl (startStop, xq);

22

23 % Store the interpolated values

24 interpolatedCurves(k, i, :) = vg;

25 end

26 end

27 end

% end
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4.1.5 Scaling functions
There are two nearly identical functions designed to scale the interpolated curves, ScaleZ for scaling in the Z-direction
and ScaleY for the Y-direction.
Input parameters:
* interpolatedCurves: The set of interpolated curves to be scaled to a reference curve.
e curve: The reference curve.
Output:

* scaledCurves: A set of adjusted curves.

These functions generate sets of scaled curves through the following algorithm:
1. Initialize the scaled curves.
2. Loop through each curve.

(a) Define the start and end value of Y or Z in the original curve, dependent on the version of the function used.
(b) Define the desired start value from the reference curve.

(c) Calculate the scaling factor using linear interpolation based on the desired start value and the original start and
end values.

(d) Update the scaledCurves array by applying the scaling factor.

Listing 6: ScaleZ MATLAB function

1 function[scaledCurves] = ScaleZ(interpolatedCurves, curve)

3 $ Initialize the scaled curves

4 scaledCurves = interpolatedCurves;
5 % Loop through all curves
6 for 1 = 1l:size(curve, 1)
7
8 % Calculate the scaling factor based on the desired start Z-value
9 startZ = interpolatedCurves(l, 3, 1i);
10 endZ = interpolatedCurves(size (curve,l), 3, 1i);
11 newStart = curve (i, 3);
12 zScalingFactor = (endZ - newStart) / (endZ - startZ);
13
14 % Store the scaled values
15 scaledCurves (:, 3, i) = interpolatedCurves(:, 3, 1) .* zScalingFactor + (1 -
zScalingFactor) .* endZ;
16 end
17 end
Listing 7: ScaleY MATLAB function
1 function([scaledCurves] = ScaleY (interpolatedCurves, curve)

3 % Initialize the scaled curves

4 scaledCurves = interpolatedCurves;

5 % Loop through all curves

6 for 1 = 1l:size(curve,l)

7

8 % Calculate the scaling factor based on the desired Y-value

9 startY = interpolatedCurves(size(curve,l), 2, 1i);

10 endY = interpolatedCurves(l, 2, 1i);

1 newStart = curve (i, 2);

12 yScalingFactor = (endY - newStart) / (endY - startY);

13

14 % Store the scaled values

15 scaledCurves(:, 2, i) = interpolatedCurves(:, 2, 1) .* yScalingFactor + (1 -
yScalingFactor) .* endY;

16 end

17 end

14



4.1.6 PlotBezier

Input parameters:

e curve: The Bezier curve to be drawn.

* controlPoints: The curve’s control points.

Title: The title of the figure.

* plane: The two-dimensional plane in which the curve lies.

Output:

* A figure containing the Bezier curve and its control points, with named axes and a title.

The figure is generated through the following process:

1. Plot the main curve using the plot function.

2. Plot the control points as black circles using the optional ko’ argument, where k’ and ’o’ designate the color and

style respectively. Use the additional arguments 'MarkerFaceColor’ and ’k’ to fill in the circles.

3. Plot dashed lines through the control points using the optional argument "k—’.

o w A

. Insert the figure title.
Insert the axis labels determined from the plane parameter.

. Turn the grid on.

Listing 8: PlotBezier MATLAB function

function[] = PlotBezier (curve, controlPoints, Title, plane)

% Plot of main curve and its control points

plot (curve(:,1), curve(:,2)), hold on

plot (controlPoints(:, 1), controlPoints(:, 2), ’"ko’, ’'MarkerFaceColor’, 'k’)
plot (controlPoints(:, 1), controlPoints(:, 2), "k——"), hold off

title(Title)

% Determine the axis labels

if plane == ’"xz’ $#0k<BDSCA>
xlabel (' X')
ylabel ("Z")

elseif plane == 'yz’ $%$#0k<BDSCA>
xlabel ('Y')
ylabel ("Z")

elseif plane == ’'xy’ %$#0ok<BDSCA>
xlabel (' X')
ylabel ("Y")

end

grid on

end
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4.1.7 PlotThis
Input parameters:

e curve: The curve to be drawn.
Output:

* A three-dimensional figure containing the main curves of the hull and their mirrors.

This function generates a three-dimensional figure of the main curves through the following process:

1. Plot the curve in 3D using the plot3 function. Include the optional ’k’, ’LineWidth’ and ’1’ arguments to generate
black lines with a line width of size 1.

2. Mirror the curve by changing the sign of the Y-values.
Listing 9: PlotThis MATLAB function
1 function[] = PlotThis (curve)

3 plot3(curve(:,1), curve(:,2), curve(:,3), ’'k’, ’"LineWidth’, 1), hold on
4+ plot3(curve(:,1), -curve(:,2), curve(:,3), 'k’, ’"LineWidth’, 1)

6 end
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4.1.8 PlotInterpCurves

Input parameters:
* scaledCurves: The scaled curves to be drawn.
* Title: The title of the figure.

Output:

* A three-dimensional figure containing the interpolated and scaled curves along the hull’s surface.

This function generates a three-dimensional figure of the scaled and interpolated curves through the following process:

1. Loop through the number of curves to be plotted.

(a) Plot the curves using the plot3 function. Include the optional ’k’, ’LineWidth’ and ’1* arguments to generate
black lines with a line width of size 1.

2. Label the axes and insert the title.
3. Turn the grid on.

Listing 10: PlotInterpCurves MATLAB function
1 function[] = PlotInterpCurves (scaledCurves, Title)

3 % Loop through the number of curves to be plotted

4+ for i = l:size(scaledCurves, 1)

5 plot3(scaledCurves(:,1,1), scaledCurves(:,2,1i), scaledCurves(:,3,1), "k’, '
LineWidth’, 1)

6 hold on

7 end

’

9 xlabel (" X")
10 ylabel ("Y")
n zlabel ("Z2")
2 title(Title
13 grid on;

14 end

’

)i
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4.1.9 CreateSurface

Input parameters:

* surfaceCurves: The curves defining the surface of the hull.

Output:

* A figure containing a three-dimensional visual representation of the hull surface with different colors above and

below the waterline.

This function generates a three-dimensional figure of the hull surface through the following process:

1.
2.

. Separate the two copies by removing values above and below the waterline.

above and below the waterline respectively.

. Mirror the surface by changing the sign of the Y-values.

Listing 11: CreateSurface MATLAB function

function[] = CreateSurface (surfaceCurves)

% Extract X, Y and Z values

varX = squeeze (surfaceCurves(:,1,:));
varY = squeeze (surfaceCurves(:,2,:));
varZ = squeeze (surfaceCurves(:,3,:));

o)

% Create copies of the Z matrix
zAbove = varZ;

zBelow = varZz;

% Separate the Z values above and below the waterline
zAbove (zAbove <= -0.05) = NaN;

zBelow (zBelow > 0.05) = NaNj;

)

% Generate surface

surf (varX, varY, zAbove, ’'FaceColor’, ’'g’, ’'EdgeColor’,’none’),
surf (varX, wvarY, zBelow, ’'FaceColor’, ’'b’, ’"EdgeColor’,’none’)

)

% Mirror

surf (varX, -varY, zAbove, ’'FaceColor’, ’'g’, ’'EdgeColor’,’none’)
surf (varX, -varY, zBelow, ’'FaceColor’, ’'b’, ’"EdgeColor’,’none’)

end

Create two copies of the Z matrix to define values above and below the waterline.

Define the X, Y and Z-values as individual matrices using the squeeze function to remove singleton dimensions.

Generate surfaces above and below the waterline using the surf function. Include the optional *EdgeColor’ and
‘none’ arguments to generate a smooth surface without the mesh grid. Separate the surface above and below the
waterline with different colors using the 'FaceColor’ argument. The g’ and ’b’ arguments designate the colors

hold on
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4.1.10 SurfVec
Input Parameters:

* surfaceCurves: The curves defining the surface of the hull.
Output:

o [surfX, surfY, surfZ]: Matrices containing the X, Y and Z-values of the surface respectively.

This function generates matrices for the X, Y and Z-values of the surface through the following algorithm:
1. Define the X, Y and Z-values as individual matrices using the squeeze function to remove singleton dimensions.
2. Create mirrors of the matrices using the flip function.

3. Store the mirrored and original values in individual matrices, and change the sign of the mirrored Y-values.

The flip function is applied in the process because of the order of coordinates in the surfaceCurves, where each curve
is generated from the keel to the deck. To avoid drawing an additional surface between the deck line and the keel, the
mirrored surface is flipped. The mirrored valued are then stored in the output matrices first, with the original values
second. This means the surface generation will be performed from the deck line on the mirrored side first, continuing
downwards to the keel, after which the original surface will be generated as normal.

Listing 12: SurfVec MATLAB function

function[surfX, surfY, surfz] = SurfVec(surfaceCurves)

3 $ Extract X, Y and Z values

4 surfX = squeeze (surfaceCurves(:,1,:));
s surfY = squeeze (surfaceCurves(:,2,:));
6 surfZ = squeeze (surfaceCurves(:,3,:));

8 $ Create mirror matrices by flipping them
9 mirroredX = flip(surfX);

10 mirroredY = flip(surfY);

1 mirroredZ = flip(surf?Z);

2 % Store the coordinates in new matrices
13 surfX = [mirroredX; surfX];

142 surfY¥ = [-mirroredY; surfY];

15 surfZ = [mirroredZ; surfz];

16

17 end
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4.1.11 CreateDeckSurface
Input parameters:

* deckCurve: Deck reference curve. The surface is drawn between the original curve and its mirror.
Output:

o [surfX, surfY, surfZ]: Matrices containing the X, Y and Z-values of the surface respectively.

This function generates matrices for the X, Y and Z-values of the deck surface through the following algorithm:
1. Extract X, Y and Z-values into individual matrices.

2. Generate surface vectors by concatenating the original values with their mirrors by changing the sign of the Y-
values.

3. Reshape the vectors into (n x 2) matrices using the reshape function.

The reshape function is applied in the process to prepare the surface for the use of the surf2stl function, as it will not
accept column vectors.

Listing 13: CreateDeckSurface MATLAB function

1 function[surfX, surfY, surfZ] = CreateDeckSurface (deckCurve)

)

3 % Extract X, Y and Z values

4 surfX = deckCurve (:,1);
s surfY = deckCurve(:,2);
6 surfZ = deckCurve (:,3);

3 $ Generate deck surface vector with mirror
9 surfX = [surfX; surfX];

0o surfY = [surfY; -surfY];

n surfz = [surfZ; surfz];

13 % Reshape vector into n x 2 matrix

4 surfX = reshape(surfX, [], 2);
15 surfY¥ = reshape (surfy, []1, 2);
16 surfZ = reshape(surfz, [], 2);
17

18 end
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4.2 External functions
4.2.1 Linear

This function updates the longitudinal curves defining the foreship and aft sections with linearly spaced X-values. This
ensures that the curves have corresponding X-values in preparation of interpolation and scaling. There are commands
within the function which can be uncommented to generate figures containing the original and updated curves to verify
their shapes.

Input parameters:
* bowBezierPoints: The curve defining the bow.
* foredeckBezierPoints: The curve defining the foredeck.
« aftKeelBezierPoints: The curve defining the keel of the aft section.
« aftDeckBezierPoints: The curve defining the aft deck.
Output:
* bowBezierPoints: Updated bow curve points.
* foredeckBezierPoints: Updated foredeck curve points.
« aftKeelBezierPoints: Updated aft keel curve points.

 aftDeckBezierPoints: Updated aft deck curve points.

This function generates updated curve points through the following algorithm:
1. Import appropriate variables using the global keyword.
2. Create a new set of linearly spaced X-values using the linspace function.

3. Interpolate new Z-positions for the bow using the interpl function with the bow Y and Z-values, and the new
X-values as arguments.

Interpolate new Y-positions for the foredeck using the foredeck X and Y-values, and the new X-values as arguments.
Interpolate new Z-positions for the aft keel using the aft keel Y and Z-values, and the new X-values as arguments.
Interpolate new Y-positions for the aft deck using the aft deck X and Y-values, and the new X-values as arguments.
(Optional) Plot the original bow curves using the plot function.

Update the bow and foredeck curves with their new positions.

o »® 2N 0k

(Optional) Plot the updated bow points to verify the shape of the new curves.
10. (Optional) Plot the original aft curves.
11. Update the aft deck and keel with their new positions.

12. (Optional) Plot the updated aft points to verify the shape of the new curves.

Please note that each curve is two-dimensional at this stage. This means that for the bow and aft keel the indices for the
Y and Z values are (:,1) and (:,2) respectively, even though 1 and 2 are more commonly used for X and Y. This gets fixed
in a later stage, where the curves are translated to three dimensions.

Listing 14: Linear MATLAB function

function [bowBezierPoints, foredeckBezierPoints, aftKeelBezierPoints,
aftDeckBezierPoints] = Linear (bowBezierPoints, foredeckBezierPoints,
aftKeelBezierPoints, aftDeckBezierPoints)

% Import appropriate variables

global numPoints

L Y N

o

% New set of X-values
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xPositions =

% Interpolate
zPositionsBow

)

% Interpolate

yPositionsForedeck = interpl (foredeckBezierPoints(:,1), foredeckBezierPoints(:,2),
xPositions);

Z

Y

linspace (0, 1, numPoints);

positions bow

interpl (bowBezierPoints(:,1), bowBezierPoints(:,2), xPositions);

positions foredeck

% Interpolate Z positions aft keel
zPositionsAftKeel = interpl (aftKeelBezierPoints(:,1), aftKeelBezierPoints(:,2),

xPositions);
% Interpolate Y positions aft deck

)

yPositionsAftDeck = interpl (aftDeckBezierPoints(:,1), aftDeckBezierPoints(:,2),

xPositions);

figure

o° o° oe

o)

bowBezierPoints

plot (bowBezierPoints(:,1), bowBezierPoints(:,2), ’"b-'),
plot (foredeckBezierPoints(:,1),

% Create new Bezier curves from the updated positions

= [xPositions’, zPositionsBow’];

foredeckBezierPoints = [xPositions’, yPositionsForedeck’];

o o

northwest’)

o° o

figure

o° o o

o

plot (bowBezierPoints (:,1), bowBezierPoints(:,2), ’'ko’)
legend (’Original Bow Curve’,

title ('Bow Curve Linearized in X-Direction’)
plot (foredeckBezierPoints(:,1),
plot (aftKeelBezierPoints(:,1), aftKeelBezierPoints(:,2),

plot (aftDeckBezierPoints(:,1), aftDeckBezierPoints(:,2),

% Create new Bezier curvs from the updated positions

aftKeelBezierPoints = [xPositions’, zPositionsAftKeel’];
aftDeckBezierPoints = [xPositions’, yPositionsAftDeck’];

% plot (aftKeelBezierPoints(:,1), aftKeelBezierPoints(:,2),
% plot (aftDeckBezierPoints(:,1), aftDeckBezierPoints(:,2),

end

hold on

foredeckBezierPoints(:,2), 'r-")

"CurvePoints after linearization’,

foredeckBezierPoints (:,2), 'ko’)

o),
/r_l)

ko)
"ko"),

’Location’,’

, hold off

hold on

hold off
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4.2.2 TranslateForeship

Input parameters:

Output:

* bowTipBezierPoints: The curve defining the shape of the tip of the bow.
* bowBezierPoints: The curve defining the shape of the bow.

* foredeckBezierPoints: The curve defining the shape of the foredeck.

* bowTipBezierPoints: Updated bow tip curve.
* bowBezierPoints: Updated bow curve.
* foredeckBezierPoints: Updated foredeck curve.

* bowTipTop: New curve defining the upper bound of the bow tip.

This function translates the foreship curves to fit the ship’s dimensions defined in the parameters section:

1. Import appropriate variables using the global keyword.

2. Translate bow tip.

(a) Scale in the Y-direction.
(b) Scale in the Z-direction.
(c) Create a ship length vector.

(d) Translate the tip curve to three dimensions by concatenating the ship length vector with the scaled Y and
Z-values.

3. Generate bow tip top curve.

(a) Define the curve’s X-values.
(b) Define the curve’s Y-values.
(c) Create a ship height vector.

(d) Translate the curve to three dimensions by concatenating the scaled X and Y-values with the ship height vector.

4. Translate bow.

(a) Scale in the X-direction.
(b) Scale in the Z-direction.
(c) Create a zero vector representing the center line of the ship.

(d) Translate the curve to three dimensions by concatenating the scaled X-values, zero vector and the scaled
Y-values.

5. Translate foredeck.

(a) Scale in the X-direction.
(b) Scale in the Y-direction.

(c) Translate the curve to three dimension by concatenating the scaled X and Y-values with the ship height vector.

Listing 15: TranslateForeship MATLAB function

function [bowTipBezierPoints, bowBezierPoints, foredeckBezierPoints,

bowTipTop] = TranslateForeship (bowTipBezierPoints,
bowBezierPoints, foredeckBezierPoints)

global midshipBreadth midshipLength midshipHeight
foreshipLength tipHeight tipBottom tipBreadth
aftLength

numPoints DWL shipLength zeroColumn heightColumn
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Bow tip
Fit to yz-plane

o
°
o

°

bowTipBezierPoints (:,1) = tipBreadth/2 * bowTipBezierPoints(:,1);

bowTipBezierPoints (:,2)

tipHeight % bowTipBezierPoints(:,2)

% Translation in x-direction, generate 3D-coordinates
lengthColumn = shipLength * ones (numPoints,1l);
bowTipBezierPoints = [lengthColumn, bowTipBezierPoints];

o)

% Bow tip top
bowTopX = bowTipBezierPoints(:,1);
bowTopY = bowTipBezierPoints(:,2);

- DWL + tipBottom;

heightColumn = midshipHeight * ones (numPoints,1l) - DWL;

bowTipTop = [bowTopX, bowTopY, heightColumn];

% Bow

% Fit to xz-plane

bowBezierPoints(:,1) = foreshipLength % bowBezierPoints(:, 1) + midshipLength +
aftLength;

bowBezierPoints(:,2) = bowBezierPoints(:,2) * tipBottom - DWL;

% Generate 3D-coordinates

zeroColumn = zeros (numPoints,1);

bowBezierPoints = [bowBezierPoints(:,1l), zeroColumn, bowBezierPoints(:,2)];

% Foredeck

% Fit to xy-plane

foredeckBezierPoints(:,1) = foreshipLength » foredeckBezierPoints(:, 1) +
midshipLength + aftLength;

foredeckBezierPoints (:,2) = (-(midshipBreadth)/2 + tipBreadth/2) x

foredeckBezierPoints (:, 2) + midshipBreadth/2;

% Generate 3D-coordinates

foredeckBezierPoints = [foredeckBezierPoints, heightColumn];

end
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4.2.3 TranslateAft
Input parameters:
« sternSectionBezierPoints: The curve defining the shape of the stern.
« aftKeelBezierPoints: The curve defining the shape of the aft keel.
¢ aftDeckBezierPoints: The curve defining the shape of the aft deck.
Output:

« sternSectionBezierPoints: Updated stern section curve.

aftKeelBezierPoints: Updated aft keel curve.

aftDeckBezierPoints: Updated aft deck curve.

« sternDeckPoints: New curve defining the upper bound of the stern.

This function translates the aft curves to fit the ship’s dimensions defined in the parameters section:
1. Import appropriate variables using the global keyword.
2. Translate stern section curve.

(a) Scale in the Y-direction.
(b) Scale in the Z-direction.

(c) Translate the curve to three dimensions by concatenating a zero vector with the scaled Y and Z-values.
3. Translate aft keel.

(a) Scale in the X-direction.

(b) Scale in the Z-direction.

(c) Translate the curve to three dimensions by concatenating the scaled X-values, a zero vector and the scaled
Z-values.

4. Translate aft deck.

(a) Scale in the X-direction.
(b) Scale in the Y-direction.

(c) Translate the curve to three dimensions by concatenating the scaled X and Y-values with a height vector.
5. Generate stern deck curve.

(a) Define the curve’s Y-values.

(b) Translate the curve to three dimensions by concatenating a zero vector, the Y-values and a height vector.

Listing 16: TranslateAft MATLAB function

function [sternSectionBezierPoints,aftKeelBezierPoints, aftDeckBezierPoints,
2 sternDeckPoints] = TranslateAft (sternSectionBezierPoints,aftKeelBezierPoints,
aftDeckBezierPoints)

4 global midshipBreadth midshipHeight
s aftLength sternBreadth aftHeight midAftHeightDiff
6 numPoints DWL zeroColumn heightColumn

8 $ Stern section

% Fit to yz-plane
10 sternSectionBezierPoints(:,1) = sternBreadth/2 * sternSectionBezierPoints(:,1);
11 sternSectionBezierPoints(:, 2) = aftHeight % sternSectionBezierPoints(:, 2) +
midAftHeightDiff - DWL;

13 % Translation in x-direction, create 3D-coordinates
14 sternSectionBezierPoints = [zeroColumn, sternSectionBezierPoints];
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% Aft keel

% Fit to xz-plane

aftKeelBezierPoints(:,1) = aftLength » aftKeelBezierPoints(:, 1);

aftKeelBezierPoints(:, 2) = —-midAftHeightDiff * aftKeelBezierPoints(:, 2) +
midAftHeightDiff - DWL;

o)

% Create 3D-coordinates

aftKeelBezierPoints = [aftKeelBezierPoints(:,1), zeroColumn, aftKeelBezierPoints(:, 2)
17

5,

o

% Aft deck

% Fit to xy-plane

aftDeckBezierPoints(:,1) = aftlLength x aftDeckBezierPoints(:,1);

aftDeckBezierPoints (:,2) (midshipBreadth/2 - sternBreadth/2) * aftDeckBezierPoints

(:,2) + sternBreadth/2;
% Translation in z-direction, create 3D-coordinates

aftDeckBezierPoints = [aftDeckBezierPoints, heightColumn];

% Stern deck

sternDeckY = linspace (0,sternBreadth/2,numPoints)’;
sternDeckPoints = [zeroColumn, sternDeckY, heightColumn];
end
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4.2.4 TranslateMidship
Input parameters:
¢ midshipSectionBezierPoints: The curve defining the shape of the midship section.
Output:
* midshipSectionBezierPointsAft: Updated midship section curve, translated to the rear of the midship.
» midshipSectionBezierPointsFront: Updated midship section curve, translated to the front of the midship.
* midshipKeelPoints: New curve defining the keel of the midship.

* midshipDeckPoints: New curve defining the deck of the midship.

This function translates the midhsip curves to fit the ship’s dimensions defined in the parameters section:
1. Import appropriate variables using the global keyword.
2. Translate the midship section curve.

(a) Scale the midship curve in the Y-direction.

(b) Scale the midship curve in the Z-direction.

(c) Create a length vector containing the aft length of the ship.

(d) Create the aft curve by concatenating the length vector with the scaled Y and Z-values.
(e) Create a new length vector containing the length of both the aft section and the midship.

(f) Create the front curve by concatenating the length vector with the scaled Y and Z-values.
3. Generate the midship keel line.

(a) Create a vector containing the X-values of the midship.
(b) Create a midship draught vector.

(c) Create the midship keel line by concatenating the X-values, a zero vector and the draught vector.
4. Generate the midship deck line.
(a) Initialize the midship deck line to be equal to the midship keel line.

(b) Adjust the Y-values to fit the breadth.
(c) Adjust the Z-values to fit the height.

Listing 17: surf2stl MATLAB function

function [midshipSectionBezierPointsAft, midshipSectionBezierPointsFront,
midshipKeelPoints,
2 midshipDeckPoints] = TranslateMidship (midshipSectionBezierPoints)

4 global midshipBreadth midshipLength midshipHeight
s aftLength
s numPoints DWL

8 $ % Midship section

% % Fit to yz-plane
10 midshipSectionBezierPoints(:,1) = midshipBreadth/2 x midshipSectionBezierPoints(:,1);
(midshipHeight) * midshipSectionBezierPoints(:,2) -

n midshipSectionBezierPoints (:,2)
DWL;

13 % Midship section aft
% Translation in x-direction, generate 3D-coordinates
15 lengthColumn = (aftLength) = ones (numPoints,1l);
16 midshipSectionBezierPointsAft = [lengthColumn, midshipSectionBezierPoints];

19 % Midship section front
% Translation in x-direction, generate 3D-coordinates
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lengthColumn = (aftlLength + midshipLength) * ones (numPoints,1);
midshipSectionBezierPointsFront = [lengthColumn, midshipSectionBezierPoints];

)

% Midship keel line

keelX = linspace (0,midshipLength, numPoints)’ + aftLength;
midshipDraught = -DWL*ones (numPoints,1);

midshipKeelPoints = [keelX, zeros(numPoints,l), midshipDraught];

o

% Midship deck line
midshipDeckPoints = midshipKeelPoints;

midshipDeckPoints (:,2) = ones(numPoints,1l) * midshipBreadth/2;
midshipDeckPoints(:,3) = ones(numPoints,1l) x midshipHeight - DWL;
end
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4.2.5 surf2stl

It is referred to [2] for documentation.
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Listing 18: TranslateMidship MATLAB function

function surf2stl(filename, x,vy, z,mode)
%$SURF2STL Write STL file from surface data.
£ SURF2STL (' filename’ ,X,Y,Z) writes a stereolithography (STL) file

SURF2STL (' filename’,x,y,Z2), uses two vector arguments replacing
the first two matrix arguments, which must have length(x) = n and
length(y) = m where [m,n] = size(Z). ©Note that x corresponds to
the columns of Z and y corresponds to the rows.

SURF2STL (' filename’ ,dx,dy, Z) uses scalar values of dx and dy to
specify the x and y spacing between grid points.

SURF2STL (..., 'mode’) may be used to specify the output format.
"binary’ - writes in STL binary format (default)
"ascii’ - writes in STL ASCII format

Example:

surf2stl (’'test.stl’,1,1,peaks);

See also SURF.

A o0 A0 A0 A0 A A A A O OO N A A A A A A O O N N o o

Author: Bill McDonald, 02-20-04
error (nargchk (4,5, nargin) ) ;

if (ischar (filename)==0)
error ( ’"Invalid _filename’);
end

if (nargin < 5)
mode = ’'binary’;

elseif (strcmp (mode,’ascii’)==0)
mode = "binary’;

end

if (ndims(z) "= 2)
error ( 'Variable  z _must_be_a 2-dimensional array’ );
end

if any( (size(x) "=size(z)) | (size(y) =size(z)) )

% size of x or y does not match size of z

if ( (length(x)==1) & (length(y)==1) )
% Must be specifying dx and dy, so make vectors
dx = x;
dy = vy;
x = ((l:size(z,2))-1)*dx;
vy = ((l:size(z,1))-1)*dy;
end

if ( (length(x)==size(z,2)) & (length(y)==size(z,1)) )
% Must be specifying vectors
XvVec=x;
yvec=y;
[x,yv]=meshgrid(xvec, yvec);
else
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error (' Unable_to_resolve x_and_y, variables’);

end
end

if strcmp (mode,’ascii’)
fid =
else

o

fopen (filename,

fid = fopen(filename,

end

if (fid == -1)

error ( sprintf ('Unable _to_write to_%s’,filename)

end

title_str =

if strcmp (mode,’ascii’)

% Open for writing in ascii mode

W)

"wbh+’);

% Open for writing in binary mode

)i

fprintf (fid, "solid_%s\r\n’,title_str);

else
str =
fwrite (fid, str,’uchar
fwrite (fid, 0,’int32")
end
nfacets = 0;
for i=1:(size(z,1)-1)
for j=1:(size(z,2)-1)

")

’

pl [x(i,7) v(i,73)

p2 = [x(i,j+1) v (i,J+1)
p3 = [x(i+1,J+1) v (i+1, J+1)
val =

nfacets = nfacets + val;

pl [x(i+1, 3+1) y(i+1,3+1)
p2 = [x(i+1,9)  y(i+l,7)
p3 = [x(i,7) y(i,9)

val =

nfacets = nfacets + val;

end
end

if strcmp (mode,’ascii’)

sprintf (' %$-80s’,title_str);

Title
Number of facets,

o o

z(1i,3)1;
z(i,3+1)1;
z (i+1, 3+1)1;

local_write_facet (fid, pl,p2,p3,mode);

7z (i+1, 9+1)1;
z(i+1,3) 17
z(1i,3)1;

local_write_facet (fid, pl,p2,p3,mode);

fprintf (fid, "endsolid _%s\r\n’,title_str);

else
fseek (fid, 0, "bof’);
fseek (fid, 80, "bof’);
fwrite(fid,nfacets,’i
end

fclose (fid);

disp( sprintf ('Wrote %d_facets’,nfacets)

% Local subfunctions
function num =

if any( isnan(pl)

isnan (p2) |

nt32’);

)i

local_write_facet (fid, pl, p2,p3,mode)

isnan (p3) )

30

sprintf (' Created_by, surf2stl.m_%s’,datestr (now));

zero for now



128 num = 0;

129 return;

130 else

131 num = 1;

132 n = local_find_normal (pl,p2,p3);

133

134 if strcmp (mode,’ascii’)

135

136 fprintf (fid,’ facet_normal %.7E_%.7E_%.7E\r\n’, n(l),n(2),n(3) );
137 fprintf (fid, " outer_loop\r\n’);

138 fprintf (fid, "vertex_%.7E_%.7E_%.7E\r\n’, pl);
139 fprintf (fid, 'vertex_%.7E_%.7E_%.7E\r\n’, p2);
140 fprintf (fid, "vertex_%.7E_%.7E_%.7E\r\n’, p3);
141 fprintf (fid, "endloop\r\n’);

142 fprintf (fid, "endfacet\r\n’);

143

144 else

145

146 fwrite (fid,n,’ float32’);

147 fwrite (fid,pl,’ float32’);

148 fwrite(fid, p2,’ float32’);

149 fwrite (fid, p3,’ float32’);

150 fwrite (fid, 0,"intl6’); % unused

151

152 end

153

154 end

155

156

157 function n = local_find_normal (pl,p2,p3)

158

159 vl = p2-pl;

160 V2 = p3-pl;

161 v3 = cross(vl,v2);

2 n = v3 ./ sqrt(sum(v3.xv3));
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