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Abstract. The objective of this study is to provide a comprehensive analysis of 

the parametric design and hull optimization of a traditional Greek vessel known 

as the "Symiaki skafi". This vessel is distinguished by its unique characteristics, 

especially its hull geometry, which will be examined and analyzed in detail. The 

methodology of the manuscript is innovative. Initially, the relevant parameters 

affecting the design of the vessel's lines plan are delineated. Then, the positions 

of the control points for the parametric curves are determined. The subsequent 

development of the parametric surface of the model is founded on these paramet-

ric curves. The manuscript culminates in a comparative assessment of the basic 

hydrostatic values of the parametric model with those of the original vessel, prior 

to the hull optimization. This work is of dual significance in the context of decar-

bonization in shipping. On the one hand, it is a study of a traditional wooden 

vessel, which by definition has a low carbon footprint. On the other hand, it op-

timizes its hydrodynamic behavior so as to make it seaworthy and operationally 

efficient. 
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1 Introduction 

Hydrodynamic optimization of ship hulls plays a critical role in the decarbonization 

of the shipping industry. This process involves improving the hydrodynamic perfor-

mance of ships, which directly affects their resistance and propulsion efficiency, reduc-

ing fuel consumption and, consequently, improving their energy efficiency [1]. This is 

achieved through improved hydrodynamic interactions between the hull and the pro-

peller. Modern hydrodynamic optimization often uses computational fluid dynamics 

(CFD) and other simulation tools [2]. These methods enable the expeditious testing of 

various hull designs under varied conditions, thereby facilitating the identification of 

the most efficient configurations [3]. 

The foundations of ship parametric design and optimization trace back to the 19th 

century when William Froude [4], in 1861, presented a paper to the Institution of Naval 

Architects. He outlined similarity laws for model testing, significantly influencing ship 

design methodology. This led to the establishment of the first model basin in Torquay 
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in 1879, which became instrumental in hull form evaluation and optimization for nearly 

0a century. 

Murphy [5] and Mandel [6] pioneered the investigation of parametric design in ship-

building, focusing on techniques to determine optimal solutions. A significant mile-

stone was reached in 1982 when Lyon [7] developed a preliminary study procedure 

using a TI-59 calculator. Due to the computational limitations of that era, this approach 

avoided energy-intensive computing programs but still demonstrated the potential of 

structured parametric methods. 

Papanikolaou [8] made further advancements in 1989 by applying parametric design 

to the optimization of Ro-Ro passenger ship design. By then, computational power had 

advanced enough to support the geometric representation of ship hulls and incorporate 

hydrostatic and stability calculations into design evaluations. 

The latter favored the evolution in optimization techniques. Genetic algorithms were 

introduced by Holland [9] as an evolutionary optimization approach. However, their 

computational inefficiency on single-processor computers limited their early adoption. 

Germany saw significant contributions in the field of ship optimization through the 

work of Nowacki [10], and Söding [11]. Around the mid-1970s, Söding developed 

CHWARISMI, an optimization shell enabling ship designers to create custom optimi-

zation models. Gudenschwager [12] later expanded on this by developing DELPHI, a 

more user-friendly optimization shell. 

Concept Exploration Models (CEMs) also emerged as an alternative to purely auto-

mated optimization. Unlike classical optimization approaches, CEMs allowed design-

ers to visualize and analyze how different variables influenced ship performance. These 

models were further studied by Bertram [13] and Erikstad [14]. Several research pro-

jects involving academic institutions and industry [15], [16], facilitated the transition 

of optimization methodologies from research to practical industry applications. By the 

2000s, commercial projects in ship hull optimization became widespread. Several re-

searchers contributed to optimization techniques applicable to various ship types, from 

slow-moving tankers to high-speed semi-displacement yachts [17], [18], [19]. 

In this study, the "Symiaki skafi" [20], a traditional Greek vessel, was selected for 

analysis due to its alignment with two requirements of the International Maritime Or-

ganization (IMO) within the framework of the set of proposals for the carbon emission 

reduction strategy [1]. The vessel features a timber hull and wind propulsion via sails, 

embodying a low-impact maritime transport solution that aligns with contemporary 

principles of sustainable naval architecture and significantly reduces greenhouse gas 

emissions associated with conventional shipping. 

2 Theoretical Background 

Non Uniform Rational Basis Spline (NURBS) curves and surfaces constitute a nu-

merical parametric scheme commonly used in computing engineering for the represen-

tation of 3d engineering models [21]. They are consisting of a number of appropriate 

control points which are in the same design area with NURBS and are mathematically 

interdependent with numerical equations derived from the theory of parametric curves. 
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A typical NURBS curve is described with the following equation: 

𝐛(𝑢) =
∑ (𝐛𝐢𝑤𝑖)𝑁𝑖,𝑘(𝑢)𝑛

𝑖=0

∑ 𝑤𝑖𝑁𝑖,𝑘(𝑢)𝑛
𝑖=0

,   𝑢𝑘−1 ≤ 𝑢 ≤ 𝑢𝑛+1  (1) 

where: 

𝐛𝑖  = (𝑥𝑖 , 𝑦𝑖 , 𝑧𝑖)
𝑇 , 𝑖 = 0,1,2, … … , 𝑛: control points of the curve. 

𝑤𝑖  , 𝑖 = 0,1,2, … , 𝑛: the so-called control points “weights”. 

𝑁𝑖,𝑘(𝑢): B-Spline basis functions of order 𝑘 defined as follow: 

𝑁𝑖,𝑘 =
𝑢 − 𝑢𝑖

𝑢𝑖+𝑘+1 − 𝑢𝑖

𝑁𝑖,𝑘−1(𝑢) +
𝑢𝑖+𝑘 − 𝑢

𝑢𝑖+𝑘 − 𝑢𝑖+1

𝑁𝑖+1,𝑘−1(𝑢)

𝑁𝑖,1 = {
1   𝑢𝑖 ≤ 𝑢 < 𝑢𝑖+1

0   𝑖𝑛 𝑜𝑡ℎ𝑒𝑟 𝑐𝑎𝑠𝑒

 (2) 

(𝑢0, 𝑢1, 𝑢2, … , 𝑢𝑚) ∈ [0,1]: the elements of curve knot vector. 

𝑚 = 𝑛 + 𝑑 + 1: number of elements of curve knot vectors. 

𝑑: NURBS curve degree. 

From Eq. 1 it follows that a typical NURBS curve is represented in the 4d design 

space, using the same basis function with B-Spline parametric curves and control points 

of the following shape: 

(𝑤𝑖 ∙ 𝑥𝑖 , 𝑤𝑖 ∙ 𝑦𝑖 , 𝑤𝑖 ∙ 𝑧𝑖 , 𝑤𝑖)𝑇 , 𝑖 = 0,1, … . . 𝑛 

NURBS rational functions are given from the following equation: 

𝑅𝑖,𝑘(𝑢) =
𝑤𝑖𝑁𝑖,𝑘(𝑢)

∑ 𝑤𝑖𝑁𝑖,𝑘(𝑢)𝑛
𝑖=0

 (3) 

Therefore, NURBS curves can also be represented by the following equation: 

𝐛(𝑢) = ∑ 𝐛𝐢𝑅𝑖,𝑘(𝑢)

𝑛

𝑖=0

, 𝑢𝑘−1 ≤ 𝑢 ≤ 𝑢𝑛+1  (4) 

n Fig. 1 a typical NURBS curve with seven control points and control points weights 

equal to 0.1. 

 

Fig. 1. Third degree NURBS curve with seven control points and 𝑤𝑖 = 0.1 
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2.1 NURBS Curve Continuity 

The geometric continuity of a NURBS curve is related to the shape smoothness and 

distinct in certain categories not only between the curve corresponding parts but also in 

the connection points with neighboring curves. The discussed continuity categories are 

the following: 

• 𝑮𝟎 position continuity: it’s a zero-order continuity and observed between the 

individual parts of a continuous curve. In order to ensure the continuity between 

two neighboring curves, the start or the end point of one curve must be the same 

with the end or start point of the other 

• 𝑮𝟏 tangent continuity: it’s a first-order continuity and observed when each in-

dividual curve point has a unique tangent and additional when the curve has a 

position continuity. In order to ensure the continuity between two neighboring 

curves, the connection point tangent must be the same for both the curves 

• 𝑮𝟐curvature continuity: it’s a second-order continuity and observed when 

each individual curve point has a unique curvature and additional when the 

curve has a tangent continuity. In order to ensure the continuity between two 

neighboring curves, the curvature center in the connection point must be com-

mon for both the curves 

The curve continuity order depends on curve degree as continuity order is smaller 

than it by one unit. The latter means that first-degree curves have 𝐺0 continuity, second-

degree curves have at least 𝐺1 continuity and third-degree curves have at least 𝐺2 con-

tinuity. This state is also affected by the knot vector unit multiplicity. 

2.2 NURBS Surfaces 

One NURBS surface is generally expressed as a tensor product between two NURBS 

curves. The general equation that presents a common NURBS surface is the following: 

𝑺(𝑢, 𝑣) = ∑ ∑ 𝐛𝑖,𝑗𝑅𝑖,𝑗
𝑘1,𝑘2(𝑢, 𝑣)

𝑚

𝑗=0

𝑛

𝑖=0

 (5) 

where: 

• 𝑢𝑖 , 𝑖 = 0,1,2, … . . 𝑛 + 𝑘, 𝑣𝑗   𝑗 = 0,1,2, … . . 𝑛 + 𝑘: the knot vectors in u and v 

directions, respectively 

• 𝐛𝑖,𝑗: 𝑖 = 0, 1, 2, … , 𝑛, 𝑗 = 0, 1, 2, … , 𝑚 the control points 

• 𝑛 + 1 and 𝑚 + 1: surface control points in 𝑢 and 𝑣 direction respectively 

• 𝑘1 and 𝑘2: surface orders in 𝑢 and 𝑣 direction respectively 

• 𝑅𝑖,𝑗(𝑢, 𝑣): surface rational functions given by the following equation: 

𝑹𝒊,𝒋(𝒖, 𝒗) =
𝑤𝑖,𝑗𝑁𝑖,𝑘1

(𝑢)𝑁𝑗,𝑘2
(𝑣)

∑ ∑ 𝑤𝑖,𝑗𝑁𝑖,𝑘1
(𝑢)𝑁𝑗,𝑘2

(𝑣)𝑚
𝑗=0

𝑛
𝑖=0

 (6) 
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3 Ship Parametric Design Process 

In Fig. 2 the general steps of the presented parametric design procedure are pre-

sented. Each step interacts with each other and it is crucial to be mentioned that the 

procedure is not straight linear but has more like a circular flow and therefore a repeat-

ability in some steps is likely to be observed. 

Fig. 2. Ship parametric design process 

3.1 Geometry Data Input 

During the ship parametric design process, geometric data (such as dimensional ra-

tios and hull coefficients) from a sufficient number of similar existing ships must be 

collected to generate a preliminary base model geometry. This base model can then be 

modified according to the designer's requirements. Alternatively, a single existing 

ship—referred to as the paternal ship—can be used. In this approach, the geometry of 

the paternal ship is described parametrically and then modified using selected parame-

ters, primarily for the purpose of optimizing the existing hull design.. The latter tech-

nique will be adopted in the presented method. The “Symiaki skafi” [20], a traditional 

Greek vessel, was selected for analysis and therefore it will be mentioned as the ship 

paternal. In Fig. 3 and Table 1 the selected paternal ship lines plan and main dimensions 

are presented. 

Geometry Data 
input

Parameters 
Determination

NURBS 

curve drawing

Surface 
generation

Surface 
modification

Final model
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Fig. 3. Paternal ship lines plan [20] 

Table 1. Paternal ship main dimensions [20] 

Paternal ship main dimensions 

Length overall (m) 15 

Length between perpendiculars (m) 11.7 

Max breadth (m) 3.75 

Depth (m) 2.5 

Draught (m) 2.25 

3.2 Parameters Determination 

An effective ship parametric design is mainly based on the selection of the appropri-

ate parameters, an element that requires a full understanding of the design model ge-

ometry and its operating conditions. A total of 22 parameters has been selected for the 

ship hull description and categorized into the following groups (see Table 2): 

• Main Parameters: parameters that referred to the main dimensions of the de-

signed ship hull 

• Bow Profile Parameters: parameters that affect the designed ship bow profile 

geometry 

• Stern Profile Parameters: parameters that affect the designed ship stern profile 

geometry 

• Midship Parameters: parameters that affect the designed ship midship section 

geometry 

• Main Deck Parameters: parameters that affect the designed ship main deck 

curve geometry 

• Transom Parameters: parameters that affect the designed ship transom curve 

geometry 
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Despite the particular ship hull part, they affect, some of the selected parameters are 

likely to determine additional parts of the ship geometry and therefore interaction rela-

tionships between the parameters are developed (see Fig. 4-7). The latter means that a 

significant change of a particular parameter value might be able to imply an additional 

corresponding value change in different interacted parameters so the ship hull geometry 

not to be disturbed. 

Table 2. Parameters set 

Main Parameters 

LPP Parameter that determines the ship length between perpendiculars 

B/LPP Parameter that determines the ship max breadth 

D/LPP Parameter that determines the ship depth 

T/D Parameter that determines the ship draught 

Bow Profile Parameters 

LK_END/LPP 
Parameter that determines the longitudinal start position of the 

bow profile 

BOW_ANGLE 
Parameter that determines the overhang angle of the bow profile 

with z-axis 

D_BOW/D 
Parameter that determines the height of the deck curve in the bow 

profile foremost point 

Stern Profile Parameters 

LK_START/LPP 
Parameter that determines the longitudinal start position of the 

stern profile 

STERN_ANGLE 
Parameter that determines the overhang angle of the stern profile 

with z-axis 

D_STERN/D 
Parameter that determines the height of the deck curve in the 

stern profile foremost point 

Midship Parameters 

MID_LOW_PART_ANGLE Parameter that affects the midship section low part shape 

MID_UPPER_PART_ANGLE Parameter that affects the midship section upper part shape 

MID_START_TANGENT 
Parameter that determines the start tangent direction of the mid-

ship section 

Main Deck Parameters 

DECK_STERN_SHEER_ANGLE Parameter that determines the main deck stern part sheer 

DECK_FORE_SHEER_ANGLE Parameter that determines the main deck fore part sheer 

DECK_STERN_START_TANGENT Parameter that determines the main deck stern part start tangent 

DECK_STERN_END_TANGENT Parameter that determines the main deck stern part end tangent 

DECK_FORE_START_TANGENT Parameter that determines the main deck fore part start tangent 

DECK_FORE_END_TANGENT Parameter that determines the main deck fore part end tangent 
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Transom Parameters 

TRANSOM_WIDTH/B Parameter that determines the breadth of the transom 

TRANSOM_DECK_ANGLE Parameter that determines the transom deck angle on the xy plane 

TRANSOM_CAMPER_ANGLE 
Parameter that determines the transom camper angle on the  

yz  plane 

Fig. 4. Parameters that affect the profile and the side view of main deck 

 

Fig. 5. Parameters that affect the midship section 
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Fig. 6. Parameters that affect the top view of main deck and transom curve 

 

Fig. 7. Parameters that affect the front view of the transom curve 

3.3 NURBS Curve Drawing 

Profile curve, Midship section, Main deck curve and Transom curve consist the basic 

hull geometry of the designed ship model. Depending on designer requirements, 

changes on parameters values will significantly modify the shape of those curves and 

therefore leads to a completly different ship geometry. 

Profile curve will be consisting of three individual curves: a curve that describes the 

stern profile, a curve that describes the bow profile and a line that connects the end 

points of the above curves and mainly represents the ship model keel length. Stern pro-

file curve consists of two individual curves: a third-degree NURBS curve with four 

control points and a line (see Fig. 8). Suchlike, Bow profile curve consists of two indi-

vidual curves: a third-degree NURBS curve with four control points and a line (see Fig. 

9). Midship section will be represented by a fifth-degree NURBS curve with six control 

points (see Fig. 10). Main deck curve will be consisting of two individual curves: a 

third-degree NURBS curve with four control points that describes the stern part of main 
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deck and a third-degree NURBS curve with four control points that describes the fore 

part of main deck (see Fig. 11-12). Finally, Transom curve will be consisting of two 

individual curves: a third-degree NURBS curve with four control points that describes 

the camper of main deck at transom position and a third-degree NURBS curve with 

four interpolate points that describes the main part of Transom curve (see Fig. 13-14). 

In Table 3, numerical equations for the calculation of the corresponding control points 

coordinates are shown. An accuracy of six digits has been selected for the constant 

values being used in the discussed equations, in order to eliminate geometry deviations 

from the ship paternal and disturbances in curves continuity. 

Table 3. Control points numerical equations 

Stern Profile – NURBS curve part 

 𝑥 𝑦 𝑧 

𝑃0 (𝐿𝐾_𝑆𝑇𝐴𝑅𝑇)/𝐿𝑃𝑃 ∗ 𝐿𝑃𝑃 0 0 

𝑃1 (𝑥𝑃0
+ 𝑥𝑃2

)/2 0 0 

𝑃2 0.686422𝑥𝑃0
∗ tan(𝑆𝑇𝐸𝑅𝑁_𝐴𝑁𝐺𝐿𝐸) 0 0 

𝑃3 (1 − 0.200980) ∗ 𝑥𝑃2
+ 0.200980 ∗ 𝑥𝑃4

 0 0.200980 ∗ 𝑧𝑃4
 

Stern Profile – NURBS line part 

 𝑥 𝑦 𝑧 

𝑃3 𝑥𝑃3
 0 𝑧𝑃3

 

𝑃4 −0.313578 ∗ (𝐷/𝐿𝑃𝑃 ∗ 𝐿𝑃𝑃) ∗ (𝐷_𝑆𝑇𝐸𝑅𝑁)/𝐷 ∗ tan(𝑆𝑇𝐸𝑅𝑁_𝐴𝑁𝐺𝐿𝐸) 0 (𝐷/𝐿𝑃𝑃) ∗ 𝐿𝑃𝑃 ∗ (𝐷_𝑆𝑇𝐸𝑅𝑁/𝐷) 

Bow Profile – NURBS curve part 

𝑃0 (𝐿𝐾_𝐸𝑁𝐷)/𝐿𝑃𝑃 ∗ 𝐿𝑃𝑃 0 0 

𝑃1 𝐿𝑃𝑃 − tan(𝐵𝑂𝑊_𝐴𝑁𝐺𝐿𝐸) ∗ (𝐷/𝐿𝑃𝑃) ∗ 𝐿𝑃𝑃 ∗ (𝐷_𝐵𝑂𝑊/𝐷) 0 0 

𝑃2 (1 − 0.098039) ∗ 𝑥𝑃1
+ 0.098039 ∗ 𝑥𝑃4

 0 0.098039 ∗ 𝑧𝑃4
 

𝑃3 (1 − 0.186275) ∗ 𝑥𝑃1
+ 0.186275 ∗ 𝑥𝑃4

 0 0.186275 ∗ 𝑧𝑃4
 

 Bow Profile – NURBS line part 

 𝑥 𝑦 𝑧 

𝑃3 𝑥𝑃3
 0 𝑧𝑃3

 

𝑃4 𝐿𝑃𝑃 + 0.243364 ∗ (𝐷/𝐿𝑃𝑃 ∗ 𝐿𝑃𝑃) ∗ (𝐷_𝐵𝑂𝑊)/𝐷 ∗ tan(𝐵𝑂𝑊_𝐴𝑁𝐺𝐿𝐸) 0 
(𝐷/𝐿𝑃𝑃 ∗ 𝐿𝑃𝑃) ∗ (𝐷_𝐵𝑂𝑊)/𝐷

∗ tan(𝐵𝑂𝑊_𝐴𝑁𝐺𝐿𝐸) 

Midship section 

 𝑥 𝑦 𝑧 

𝑃0 𝐿𝑃𝑃/2 0.06 0 

𝑃1 𝐿𝑃𝑃/2 𝑧𝑃1
∗ tan(𝑀𝐼𝐷_𝑆𝑇𝐴𝑅𝑇_𝑇𝐴𝑁𝐺𝐸𝑁𝑇) 0.212 ∗ 𝑧𝑃5

 

𝑃2 𝐿𝑃𝑃/2 0.512 ∗ 𝑦𝑃5
 𝑧𝑃3

+ (𝑦𝑃3
− 𝑦𝑃2

) ∗ tan(𝑀𝐼𝐷_𝐿𝑂𝑊_𝑃𝐴𝑅𝑇_𝐴𝑁𝐺𝐿𝐸) 

𝑃3 𝐿𝑃𝑃/2 𝑦𝑃5
− (𝑧𝑃4

− 𝑧𝑃3
) ∗ tan(𝑀𝐼𝐷_𝑈𝑃𝑃𝐸𝑅_𝑃𝐴𝑅𝑇_𝐴𝑁𝐺𝐿𝐸) 0.296 ∗ 𝑧𝑃5

 

𝑃4 𝐿𝑃𝑃/2 𝑦𝑃5
 0.768 ∗ 𝑧𝑃5

 

𝑃5 𝐿𝑃𝑃/2 (𝐵/𝐿𝑃𝑃) ∗ (𝐿𝑃𝑃/2) (𝐷/𝐿𝑃𝑃) ∗ 𝐿𝑃𝑃 
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Main deck – NURBS stern part curve 

 𝑥 𝑦 𝑧 

𝑃0 
𝑥𝑃4

(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) + 𝑦𝑃0

∗ tan(𝑇𝑅𝐴𝑁𝑆𝑂𝑀_𝐷𝐸𝐶𝐾_𝐴𝑁𝐺𝐿𝐸 ) 
0.72 ∗ (𝑇𝑅𝐴𝑁𝑆𝑂𝑀_𝑊𝐼𝐷𝑇𝐻)/𝐵 ∗ 𝐵/𝐿𝑃𝑃 ∗ 𝐿𝑃𝑃 

𝑧𝑃4
(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) − 𝑦𝑃0

∗ tan(𝑇𝑅𝐴𝑁𝑆𝑂𝑀_𝐶𝐴𝑀𝑃𝐸𝑅_𝐴𝑁𝐺𝐿𝐸 ) 

𝑃1 
(1 − 0.597200) ∗ 𝑥𝑃2 + 0.597200
∗ 𝑥𝑃4

(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 

𝑦𝑃1
+ (𝑥𝑃1

− 𝑥𝑃4
(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡))

∗ tan(𝐷𝐸𝐶𝐾_𝑆𝑇𝐸𝑅𝑁_𝑆𝑇𝐴𝑅𝑇_𝑇𝐴𝑁𝐺𝐸𝑁𝑇 ) 

(1 − 0.597200) ∗ 𝑧𝑃2 + 0.597200
∗ 𝑧𝑃4

(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 

𝑃2 

𝑥𝑃3

− (𝑧𝑃0
− 𝑧𝑃3

)

/ tan(𝐷𝐸𝐶𝐾_𝑆𝑇𝐸𝑅𝑁_𝑆𝐻𝐸𝐸𝑅_𝐴𝑁𝐺𝐿𝐸 )  

𝑦𝑃3
− (𝑥𝑃3

− 𝑥𝑃2
)

∗ tan(𝐷𝐸𝐶𝐾_𝑆𝑇𝐸𝑅𝑁_𝐸𝑁𝐷_𝑇𝐴𝑁𝐺𝐸𝑁𝑇 ) 
𝑧𝑃3

 

𝑃3 𝐿𝑃𝑃/2 (𝐵/𝐿𝑃𝑃) ∗ (𝐿𝑃𝑃/2) (𝐷/𝐿𝑃𝑃) ∗ 𝐿𝑃𝑃 

Main deck – NURBS fore part curve 

 𝑥 𝑦 𝑧 

𝑃3 𝑥𝑃3
 0 𝑧𝑃3

 

𝑃4 

𝑥𝑃3

+ (𝑧𝑃4
(𝐵𝑜𝑤 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) − 𝑧𝑃3

)

/ tan(𝐷𝐸𝐶𝐾_𝐹𝑂𝑅𝐸_𝑆𝐻𝐸𝐸𝑅_𝐴𝑁𝐺𝐿𝐸 )  

𝑦𝑃3
− (𝑥𝑃4

− 𝑥𝑃3
)

∗ tan(𝐷𝐸𝐶𝐾_𝐹𝑂𝑅𝐸_𝑆𝑇𝐴𝑅𝑇_𝑇𝐴𝑁𝐺𝐸𝑁𝑇 ) 
𝑧𝑃3

 

𝑃5 
(1 − 0.764411) ∗ 𝑥𝑃4

+ 0.773418

∗ 𝐿𝑃𝑃 

(𝑥𝑃6
− 𝑥𝑃5

 )

∗ tan(𝐷𝐸𝐶𝐾_𝐹𝑂𝑅𝐸_𝑆𝑇𝐴𝑅𝑇_𝑇𝐴𝑁𝐺𝐸𝑁𝑇 ) 
(1 − 0.764411) ∗ 𝑧𝑃3

+ 0.773418 ∗ 𝑧𝑃5
 

𝑃6 𝑥𝑃4
(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 0.06 𝑧𝑃4

(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 

Transom curve – Camper 

 𝑥 𝑦 𝑧 

𝑃0 𝑥𝑃0
(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 0 𝑧𝑃0

(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 

𝑃1 𝑥𝑃0
(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 0.334158 ∗ 𝑦𝑃3

 

(1 − 0.022598)
∗ 𝑧𝑃4

(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡)

+ 0.022598 ∗ 𝑧𝑃3
 

𝑃2 (1 − 0.231625) ∗ 𝑥𝑃0
+ 0.231625 ∗ 𝑥𝑃3

 0.669388 ∗ 𝑦𝑃3
 

(1 − 0.211031)
∗ 𝑧𝑃4

(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡)

+ 0.211031 ∗ 𝑧𝑃3
 

𝑃3 𝑥𝑃0
(𝑀𝑎𝑖𝑛 𝑑𝑒𝑐𝑘 𝑠𝑡𝑒𝑟𝑛 𝑝𝑎𝑟𝑡) 𝑦𝑃0

(𝑀𝑎𝑖𝑛 𝑑𝑒𝑐𝑘 𝑠𝑡𝑒𝑟𝑛 𝑝𝑎𝑟𝑡) 𝑧𝑃0
(𝑀𝑎𝑖𝑛 𝑑𝑒𝑐𝑘 𝑠𝑡𝑒𝑟𝑛 𝑝𝑎𝑟𝑡) 

Transom curve – Main frame 

 𝑥 𝑦 𝑧 

𝑃3 𝑥𝑃3
 𝑦𝑃3

 𝑧𝑃3
 

𝑃4 
(1 − 0.630041) ∗ 𝑥𝑃6

+ 0.630041

∗ 𝑥𝑃4
(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 

0.533333 ∗ (𝐵/𝐿𝑃𝑃) ∗ (𝐿𝑃𝑃/2) 
Appropriate intersection with stern profile 

curve 

𝑃5 
(1 − 0.260721) ∗ 𝑥𝑃6

+ 0.260721

∗ 𝑥𝑃4
(𝑆𝑡𝑒𝑟𝑛 𝑃𝑟𝑜𝑓𝑖𝑙𝑒 𝑙𝑖𝑛𝑒 𝑝𝑎𝑟𝑡) 

0.266667 ∗ (𝐵/𝐿𝑃𝑃) ∗ (𝐿𝑃𝑃/2) 
Appropriate intersection with stern profile 

curve 

𝑃6 

 

Appropriate intersection with stern pro-

file curve 
0.06 (𝑇/𝐷) ∗ (𝐷/𝐿𝑃𝑃) ∗ 𝐿𝑃𝑃 
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Fig. 8. Stern profile curve control points 

 

Fig. 9. Bow profile curve control points 
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Fig. 10. Midship section control points 

Fig. 11. Main deck curve control points (top view) 

Fig. 12. Main deck curve control points (side view) 
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Fig. 13. Transom curve control points (top view) 

 

Fig. 14. Transom curve control points (front view) 

After having completed the description of the basic geometry of the designed model, 

next step deals with the drawing of additional proper curves (frames or stations) in 

which the ship hull surface will be developed. The number and the shape of these curves 

must not only ensure the accuracy of ship geometry description but also the design 

simplification. Therefore, a total of 14 additional curves have been drawn in certain 

longitudinal positions (frames or stations). As they are presented in Fig. 15, each curve 
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is extracted from the paternal ship hull and be rebuild into a fifth-degree NURBS curve 

with six control points, which are determined by certain numerical equations that 

evolve the midship, profile and main deck curve corresponding control points. 

  

Fig. 15. Ship model frames 

It should be mentioned that the designed ship frames (as well as the main deck fore 

part) have a flat part between their first control point (last control point in case of main 

deck fore part curve) and the ship profile curve. The latter is represented by a perpen-

dicular line that connects the corresponding control point with the ship profile curve as 

it’s shown in Fig. 17. 

 

Fig. 16. Frames flat part 
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3.4 Surface 

Based on the curve framework that been described in the previous paragraph and 

with the aid of the Computer Aided Designed program Rhinoceros [22] the ship hull 

surface is generated as it’s shown in Fig. 17. 

 

Fig. 17. Ship hull surface 

One of ship parametric design requirements is that the produced hull surface to have 

a 𝐺1 tangent continuity and be smooth. In the presented case, the ship hull surface con-

sists of three parts: the main part (which is produced by the frames, the main deck curve 

and the connected edge with the flat part surface), the transom surface and the flat part 

surface. Between these three parts, a 𝐺0 position continuity is generally accepted. In 

order to ensure the 𝐺1 tangent continuity in the main surface area, the latter will be 

generated as one piece, with the aid of Rhinoceros Curve Network command using 

Profile Curve, Main Curve, Transom Curve and the 14 additional curves (frames) as 

guides. However, this method may burden the surface smoothness. 

In order to reduce the main surface creases the following method is implied: first a 

mesh is created based on the surface geometry (see Fig. 18) and then with the aim of 

the appropriate computing program commands, creases are eliminated and the mesh is 

refined to a quadrilateral form based-recursive subdivision described by Catmull and 

Clark [23] (see Fig. 19). Then, a set of new frames are extracted by intersections with 

mesh surface at certain longitudinal positions (see Fig. 20). Finally, the refined surface 

main part is produced based on the new frames and profile, main deck and transom 

curve (see Fig. 21). 

 

Fig. 18. Surface based mesh geometry 
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Fig. 19. Refined quadrilateral mesh 

 

Fig. 20. New set of frames 

 

Fig. 21. Refined surface main part 

4 Results 

Parameters values have been modified in such way, so that the ship paternal hull 

surface produced in first place will serve as a criterion for parametric design accuracy. 

Nevertheless, different values should be possible to be given to the selected parameters 

for the investigation of new geometries, for possible ship hull optimization goals and 
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for possible limitations in the parameters value range in order to prevent possible ge-

ometry disturbances. In Fig. 22-24 the final ship hull surface is presented. 

Fig. 22. Ship hull surface (perspective view) 

 

Fig. 23. Ship hull surface (side view) 

 

Fig. 24. Ship hull surface (front view). 
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In Fig. 25-26 ship parametric model lines plan are presented. A small deviation is 

observed between the waterlines of parametric model and the paternal ship which may 

possibly be due to the number of frames been extracted from the refined mesh surface. 

On the other hand, theoretical frames of the parametric model are similar to those of 

the paternal ship. 

 

Fig. 25. Ship parametric model lines plan (waterlines) 

 

Fig. 26. Ship parametric model lines plan (frames) 

In Table 4 hydrostatics comparison between parametric model and the paternal ship 

is presented. With the exception of 𝐿𝐶𝐵 deviation, every other hydrostatic deviation is 

small and within accepted limits. 

Table 4. Hydrostatics comparison 

Hydrostatics 

 Parametric model Ship paternal Deviation (%) 

∇(m3) 39.358 39.615 0.19 

LCB(m) -0.022 -0.02 10 

AWL(m2) 32.705 32.790 0.26 

LCF(m) 0.149 0.155 3.87 
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AM(m2) 5.695 5.705 0.18 

CB 0.402 0.403 0.25 

CM 0.675 0.676 0.15 

CWL 0.749 0.751 0.27 

LB(m) 1.485 1.486 0.07 

BM(m) 0.707 0.712 0.70 

5 Conclusions 

The central focus of this research was on the parametric design for hydrodynamic 

optimization of a traditional ship hull, the "Symiaki skafi." The study had as a funda-

mental premise that the traditional character of the vessel has the primary role and 

therefore the interventions should not alter its characteristics to the point of deviating 

too much from its traditional lines. It is understood that in the case of traditional boats, 

the ideal balance must be found between traditional design and optimal hydrodynamic 

design. 

Advanced computational tools and parametric analysis were employed to identify 

the critical parameters that affect the performance of the traditional ship. The conclu-

sions derived from this research underscore the significance of parametric analysis in 

optimizing ship design. 

The implementation of these methodologies holds considerable potential to benefit 

the shipping industry, including the reduction of operating costs and the enhancement 

of environmental performance. The advancement of sophisticated computational mod-

els, along with the integration of artificial intelligence, has the potential to further refine 

decision-making processes in the domains of ship design and construction, thereby con-

tributing to the advancement of the shipbuilding industry as a whole. 

The integration of contemporary computational tools within the domain of tradi-

tional shipbuilding has the potential to enhance the sustainability of this sector, thereby 

opening a new field of maritime operations for traditional ships and achieving a sub-

stantial reduction in carbon emissions in Greek maritime transport. 
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