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Development of hull form modeling system and algorithm

for preliminary interior space arrangement of superyacht

Kim, Dong-Ham

Division of Ocean Systems Engineering
Graduate School of Korea Maritime University

Abstract

In this dissertation, fundamental research on hull form design and
interior space arrangement of superyacht is performed.

As a first step of hull form modeling, superyacht profile design
system is developed to give an outline of superyacht. The
two—dimensional profile is divided into four local zones after considering
the functionality and connecting continuity of the profile at joining
positions. Geometric characteristics of each zone are investigated and
generalized for interactive shape design. Design parameters that
facilitate the shape design process are derived depending upon the
geometric behavior of free—form curves. Major characteristic curves
such as design waterline, deck sideline, and sections are also
interactively designed. A three—dimensional hull form is obtained by a
surfacing technique. An interactive design system performing the
modeling and modification processes 1s implemented using the graphic
user interface technology.

General arrangements of superyacht are analyzed for internal space
arrangement. Typical spaces are classified and allocated for an initial

layout. Geometric and human-related factors are provided as constraints

- Vil -



to automatically derive possible arrangements. To find an optimal layout
with given space elements and stair positions, a widely used genetic
algorithm is utilized.

The results of this research yield a fundamental idea of designing a
superyacht from scratch. An efficient and useful computerized system

will serve as a guideline for the initial superyacht design.
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Fig. 3 Local modification function

2.3. Rhino3D

Rhino3D+&= 70¢! ZAFEH GOz Juty rdy 2 galolt), w3l FAEE

Bxbet JA7A AEgsta, A3, MEA 2dydd ¢ Qo 722 Agy
sﬂ/ﬂ% o)

A4S
FEA A+ ArHRhino3, 2003).
Rhino3D¢] A& Q1B #o] A~ Fig. 49 #t}. Rhino3DE 2xF¢%vto] o}
Yk 3xkd 2dE e dy, 4 Vles BT 2 v B9
Y 39S Rt Tles FUME AREE ¢ oA B teke
Atk @A 2ol vt (RhinoMarine)o] 2k &2 1910
o] glom, olE o]&ale Kt} AAe MY Aoy 7EAQ FAA
3

2 =
18 oo dr
19t oo
24 g ©

FAg 2R 9, Aol ARSI
@ol: PointsOn) 7[s 22 248E AT 5 vk A 349 +4 st
Ae A5 vhes BEUaE F8 2RSS olTARIY. 2AHE olF A7IH
=adel A Aske e A0 5 7] gl dshes ddom FAE|7}
el st



= - Rhinoceros (= 25422 2lolHIA)

BIE = AZEC) MHOIAES S2S0 H=ih AD) BHE@ EL) 24(& HOE6E)

:Rihina Render, B 1,00, Feb 22 2008, 14:1%:145(5) 2C5l= 2 =]
=N T3

DoEECXB0~0 42 AR H»2C5988000@ Y650

Top Perspective
-
4
2
5
-

|

o

£

-

MEE  O=HE O Os24 ] u@\\‘ﬁ%@fémm CJAEE [N [OFY  WS8Tack JAEd
FHTH  x -RIEAY y 57 867 2 0,000 A Sl = e A =

Qe e LFDRQHMEVAF
P ¥ bR oJIU QU -

Fig. 4 Graphic user interface of Rhino3D

Rhino3D9] 7]5o =2 }Jg@oﬂ st 7 (weight)E & F7F d=d 7=
x19] gholl whel Aol Abol Gttt AoH ¢olE AA(HH

(¢}
g HEEn SgE AL £4EE AU AFAE AAAD + 3

o Fig. 55 2ol 7547t A4SS 2540l vh FHL Y3 Y AA
G mas Yael weaLh AFAN dF AMT HEE FnEHRogers,

2001)< Fargte.

WS QS ] B2 7% 5 S Rhino3DOl A Algsta glisd], 2 9
Toll A ARERE 7 270 WY 28"l Sweep2)eltt. 270 Y ¢°%
2709 7bgAkE] FAF 1) o)de] ZEud FAS ARgste] FES whEd.
Fig. 64} #Zo] 2709 wabd 242 g dRal)E ARSIl Y] 4L
Z 23U (Profile)2 A¥ste] FHS A4S



SMHE e 23

moE[30 |

Fig. 5 Weight function of Rhino3D

Fig. 6 Sweep2 function of Rhino3D

(Genetic algorithms)

il

st BAlE sidste 7IHE Tl & 7HA el 113}
St A e 2ol o]&F Aol shel deE HFHA
A, AgHo=z 1975 & W=

/‘]'Enué—o }\]-1;—7]' PR AL,

FAdaptation in Natural and Artificial Systemsy

N
f

g A%

=

(John Holland)7}



of W] 1 RaelFe oA /WS vtk o F AFHA, Belg
23}, 53, 4AS, 245 B9 5 we okl ATAE] o F AN @
=L &

oAM= At ofd FAAbEe]  AltHelM vE Atz X3t
™

74T} o st7] % ofal ®Hup g FAAE ety e gk
oj9} ZE& WMAUSTE 27]|"H(schema)E 3l o5& AWT + Arh. Z=7]wtol
gk ZpA gk AR FarEd (Michalewicz, 1999)& Fhargkeh

N

J(Chromosome): @A A= A=
ol A3stst Jej2 T Aol 731 HAERE T

Ach

ZHgene): AAAY] 7+ JAAE FHAA L ol ANAVF FAARE
A A vFVIAE ARE g3 Qe FAATE Zo GAAE o] &

(SRe:) >I‘> S
Ol
I

o
S8 oof Jo T a2 of

® | t(Generation): 3¢l H3o & WHj(Crossover)t} Ho](Mutation)E =
3 3 AldE wrEol ).
® <21 Z=(Population size):

=
e #A3%% 7} (Evaluation): 2zt

T Ao AT T Ue % —% I%EMJL %kolﬁ} g 4k

® d¥(Selection): AFEE Hrlste] & Ao ETFOZHE o5 AldE
TASE FAAE Ags, deuw Oé*”ﬂlﬂol aHl, Eddo] Hh

® uH(Crossover): F fUMAE Alolol|l Fxxte] AR5 mghsio] F 749
M2 AAAE whEH

o =dWo](Mutation): A We] FHAE AHHA WA A2 A
Ag e

2.4.3. rd dagse] 7 7=

e duglEe JEAo R Fig, 73 & Fzz Holth WA %7 A
5 A4sa ARE WhE sAUn. A9 @, sdvels

AtiE Adstar, Briea M2 A7 Ax 236 st fd da

_



%

el

Start

Initial population

Evaluation

Selection

Crossover

Mutation

Evaluation

Termination

o]
=

condition

Fig. 7 Standard process of genetic algorithm

B

(1) 44 %

my

I o
o N
i
=
G
B
T
Mo
— W
0

%ur
"o
T
oF =
o o
oo
ry

B o
2
o
AF
W_%
°
N oo
ﬂAlU,
T o
oF T
-
z_aM
B
T T
o .
=K o

¢
&
B
e

- Chromosome

1

0

Gene

Fig. 8 Expression of chromosome

[=o)

B
B

10



B

X

(2)

pim

o2 M7l A

==
LN

7]

(3) xLui

A e <]

s
A= o]

ks

¥ (one—point crossover)t}.

el

S

&

FAA]

AR ek,

oAl Al

=l

oA 271

A=

dl

o3 Al
= S |

=
LS

)

Fig. 9 Example of one-point crossover

o](simple mutation)t}. At W

Fig. 10 Example of simple mutation

] 7=

SEE RS

X

=

}7] Bt o

23

o]

;ﬂx]j

11



Ne i
™ %

gt

(Simple genetic algorithm)g £&

=
1=

e A dary

ERRCEE

12



23 A

hYA

FHLE

A 3 A

3.1. Ne

ojn

O

B

B

i)l
of
=y
A

To-

tel Bk 7

°©

°]&

2yl wws) wgt,

bl 713}

e}

i
TH

o}

—

0

=y

W]
i)

ey
&+

.

=

3=
=i

T

1

Q135H7]

Wl i)

AL77 obdd o] 214

Qste] o

=y

o]

A
f84

tslo] 75

[e)

H RO A

o

o

]

)

wog

0]
2R

o2 uEhfaL

Ay

A2

A 5

o))
_,AO
il

B

B

o
1

A

b2 Fig. 113 o] A (stem)F-E3 4w
b-¢-2(house) 222 T

S

4
~
3r

~N

)
iz

(stern)F-%, &3 (sheer){-+&,

13



iR
w7
5w @,
<0 & wo B 9 P
B o z,%u%mw:_a of & o
2o v F R o > X s
‘Hvl il ol 0 R .ﬁoq&' o] {] aﬁu ﬂ,
N Hfift%wéua R
~ \ L w oo o M R
oHMﬂ. N2 muidr nﬁ.ZEPrUJﬂ ﬂArﬂW;oiwro
© W g ° __mpoar._tﬂ | M
ur e < | - iﬁdxquﬂﬂﬂo&m.% e R =
n | +— o = ! f -
w | E 3 %mﬁﬂg@miﬁwg G
< W ! 7 9 _o,@%ﬁ,x%%ﬁ, oézgu%ﬁ
W%i | g %H?EQQ%M& %mﬂo_aﬂml%u..
2 {5 7 gmowtﬁﬂmm% E Eivs &
X an 2w oﬂﬁl_so,#‘_to—u oﬁﬂdun&.
“BT 2 - 4Hﬂmngw,wﬂ PEEED S
~n - i - ‘I'_ﬁi ﬁo_ ! —_—
MMTW m_ﬂ_ﬁ 3 ﬂowwmhﬁm_ﬂMH,_% M%Eqﬂrwﬁvwm
)¢} o o
WO 3 wﬂ% ,@Bu%wmmmi oLdl.E_w@Euﬂ
T o B & 1ﬂ?%ur% = R 4.?%%%@
o < ! To iy 16 oW~
oy A 0 S = N .,A ol o o)) ol o o 1 <0 T
Zo o g zﬁmﬂqﬂwﬂniuﬂaoﬂ mﬂmaiﬁmu_owﬁ
_o‘a/laﬂo — QLQMMM%OL,%%MM ﬂﬁ,ﬂlﬂmﬂwdﬂu@
@mﬂ% _ — Mﬂe?oﬁwmmﬂwﬂé ﬂﬂﬁﬂ%%
O_] = = = )
Ik 5 & 1maem;§omw%% TN
% @ glafuvAa]l]aodlﬁmﬂﬂao
¥ <o = :l%.ﬂ7 Y - )
te " = S o 7 W rEY T D
e %m;gawms%Wqu g
_OJJI [—— )
) E_u%_o% oY J O#N o & ordl.dl. o)) e m_.1d|r2| 0
ﬂu&.o}iohﬂhd‘_zw&aﬂ@ﬁ@@%
?mpuzmv%ﬁﬂ% il ﬂg%ﬁr
u@]ot ﬂaim.i?oiﬂlémxﬂl o
=wE R ﬂﬁ;%dl%ar.ﬂ
Eﬂo ﬂﬂ o MTMOT ..:L‘I_,_Al
OIS

14



S S

Fig. 12 Stem profiles

Fig. 13 Stern profiles

I

Fig. 14 Sheer profiles

15



}o] NURBS

F71 ¢l

2 g5

o]#¥ NURBS

&2
ot

=4
=t A

g/\
xdst

&=

o]

t}. NURBS =42
7N =FA

2y gt
B}

Hr

CAD#| 7] 4] Q1

T2+ NURBSE

) s
Rhino3DE ©]-&3it}.

To-
oF

el
o

KH

O

N
)

ox

¢
=

X

oj

pase

1] gkoll whet

e

==
o

1, A=, 7%

e

B

o] JM4E 8=

7]
T

He] A9 Fig. 1569 #Zo] =4

el 7] 9
171 918l D, E, F %=

S

I Eo TevlE

s
=,

o}ehe)

ol
KR

rge]

34 Red

total

Ax = width_total

height

Ay

Hy = 0.0

Hx = 0.0

Dy = draft

Dx = Ax/2
Ey = 3*Dx/4

Ex = Ax-(Ay-Ey)/((Ay-Dy)/(Ax-Dx))

Fy = Dy/6
Fx = Ex/2

, height_total2 Hdj

h_total

< YERATE widt

9 X, Yt
St

o X

A ZAA

-
R

Ax, Ay
X, Y#kelH, draft

-
R

4S5 NURBS 4o =

fol om oje] 7}

S

=
=

d Aags F

N
K

16



P
T
=

=
=

g,

o

s
-
I
=3
-
=
T

il !
SCRE o
— N T

o o 0
\H_MVO —_ Mﬂ ﬁ W
7 —
Pra £ ° 3 b
— Q Bo <
F X O & = —
c.: 0 = + o o GH
OL ‘mﬂ TH 7 N
=) ol JME © ) o S
g 2 - - N
PN 3 o XO gH
o B " © = N
e 2 oy ¥ i
b o Z E g ) %o
g 2 0 ="
—_
= B o 0 o
e S = o o
c O s
Oﬁ = O - O Q o
TS L g & © N F
w O S o % .
XA o0 - = %0
X S o o m o
= D %o o = N o o
o o X > 5 X .WvL
o2 A S O X
T To B 0 =l Hr o
LO —
el Mym '~ - 8] = ™ nn\m Ww
B P 2 - - e ﬁ
2 o — Z o
S 9O W oo ®
o O I !
X0 . 1 . ]Hf
4w B < 2o
B R o o <V

= shep)

=

T
. I

]_

5]

ojtt. &4 AA 7bs
17

a

S
S

28

Z& BN ohy v



AM Ashe LEude Y4e 9e F Ak oY s s #44, v,

A Z0RL wejstel e Jod WE F 5 9 BW ohie 2

2o Wt sEvE Y AFE FHHORM BAW PP AT & Aok
sebule o] ghol wel wue o H& NURBS Anel 24742 o5A7A €

she mazvkd 94 9 4 Atk o) W, AA Yol YA wES 24

Aol 9148 ;B Fig. 179 stebule A2 olste] @W xgHo] DM
AR LERA YAL 9o QU W, DA Pge] Holdeh, 1ejuw

(@)

detE g A48 e AN Atzne Fol dax £a Fabo] =
e Zolok & Bast vk Fig 179 Alsh Bl stebvlel= 247t A2s)
B2 dehiE Ry a4 she}, ek A2 shebulEs Al steblE gtel 1/2

<] O]— °
ot 2 @S PR St olgd BA #e AEske] oA e 4
o

ol H 7ts e &Y F UH

Fig. 189 A% A1z & =44 Ale]& 1005222 Wil T =43l

-50~50 ©AE 7Hol wel PAo] AAHES . T =R AAE

s mo=A A @l A BlojuA & HAE dotral, T =4
SR RC IR
10 O H--

o Hul, HA& HAE AAs )l Fig. 19914 Fig. 219 =&t E

Fig. 17, Fig. 18%} mla7}A <] W o2 A 83},

Sh-ARE ofe] JHA a2 gl disk REES FaskglY]

Fig. 22¢} #Zo] 7|&d X A7] 9v&% =

AR gl wet AAg Yx e A5 M 7 d=S
o

= -
A 4% AT A5 2 Fgel dold & Jonw Fojstelof

A
o
2
X 2 o
W o

=

o mp
o
re

®

18



/f
///
IThY //
” Al
a
@/
2 |
e A2
—— |
B2
B1 :

Fig. 17 Parameters controlling slope-style stem curve

Fig. 18 Parameters controlling slope

and convexity of sheer curve

~B3- B2 % B1—

Fig. 19 Parameters controlling

S-line—-type sheer curve

19



« B3+« B2 »— Bl |

Fig. 21 Parameters controlling a stern profile

Scale
% Ver.
X
e
<>
Hor.

Fig. 22 Parameters for scaling house profile

20

mashlel Bd sterle e s Az
S et 22 e getu|g gho] YHEH It
o] AAE Axksit gz A3 2"l o) A



=
9
=
ot
1>
o
fu
—11? rlr
o
[m

= AR o":} A e Tz
2ot o] A AR ForA a1 g AAVE 7leetA En
MFC+ Microsoft foundation class® A= AE-$- L2 WS $-335}=
g dask wisk glojB e (H8A4, 2002, vE9- 5, 2006; oA, 2005)
o}, MFColl Al o]m] whEo]A Xﬂoo}“ gtolH g & o] &357] wiitel] ZEIH
= =9 F Ak e E g2 MFCE] told=

=

M ag 2 kA2 o] gafo]
AHL o+ A=F S aL(Fig. 23), THRKE ZRIAS AN R HojF=
afg s~ =4EE OpenCASCADEE AR&38k3ith. OpenCASCADE®

CAD/CAM/CAEZ &g3}7] 93t o golvggl& 3D surface and solid
modeling, visualization, data exchange %= A&3%}H(OpenCASCADE,

T =
=8y Z23dS Huwste] T2 g 84s g9l &E}(Flg 24 Flg 25).
T2IOWS Tl FYHQE T29Yd S gz el § S &
o1k 4= it}

21



= Super Yacht 20 Profile =X

He BE | A0 |2

Super Yacht 2D,Pr0ﬁlg

% |"% | 40 | a2

A3,

+
e—B3 —+—B2+—EBl—
Parameter Parameter
AL 7 m  Bl:[131 it al:fo m Bl E i
Az:f2.1 m B2ifp2 o sz [Ls nooB2:fas &

C:I[i o 83 0.2 m B3: 146 5

: @ Super Yacht 20 Profie Ig

Super Yacht 20 Profie
Aaclsm | A0 SR |

A% |#z 40 |9z
cr=Ed - E=E] =
Scale
Ver. 1
Hor <
+B3 -+ B2»—Bl—

~Parameter [~ Pararmeter

a: 25 m Bl 23 o s —— |- o

az: 0.4 m B2:fo " Vertical : J_ IU

a3 [z m B3t o Horizontality : .—J ]5U

Wertical : -_l— 10
Horizontality : —‘J— 32

Fig. 23 Interactive design dialogs for profile design and modification
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Fig. 24 Sunseeker 105(Sunseeker, 2008)

Fig. 25 Westport 130(Westport, 2006)
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Fig. 32 Principal lines
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Z e} (Pilot house)2 #HH] 2 & (Radio room) % A2 (Captain room)S *
Eikia=
50mu THRES OFE 4719 o=z o]Fojx glom ol A iy 3}

##(Lower deck), F##(Main deck), %3 Upper deck), #1%& 7 (Sun
deck)ole} Fgeh 2zt s X3 5 e T84 Table 13
VIP room®] 79 F3tatolu} A3t ojtjout X o+ gl7] Wil 27
EeE o

Table 1 Zone classification

Sun deck Fly bridge(F.B), Boat(B)

Pilot house(P.H), Lobby(L), VIP room(V.R),
VIP lounge(V.L), Aft deck(A.D)

Fore deck(F.D), Master room(M.R), Galley(G), Salon(S),
Dining room(D.R), Aft deck(A.D), VIP room(V.R)

Upper deck

Main deck

Crew space(C.S), Guest room(G.R), Engine room(E.R),

Lower deck
Tender boat(T.B), Platform(P)

AETrE A LA el AFEE 50my ¥ 8E 1371 Table 29 28 &7t8

AR TR g T T FARE BEFE YEda eS¢ 5 e w

raze] A EA ol Aol & Heola givk 4 ARz BET F Qe

532 e 2

® ohitvh: "It E(Tender boat)e] $1Alel we} th& sjEddS zh=rh dou
== 52 %% (Platform) ol HAstH w2 HHEE il 7

J

& ZHCrew space)e] 21t}.(9,10)

o ¥ F2 wlAaH F(Master room)©] A& JAA T w2 A7l VIP
=(VIP room)¥# 9127} A ETH(11)

® it#: VIPEo| &A1 F£= Arh.(1,2)

® A ¥ AF i HE(Boat)s F7|% ¥rh.(1,7,8,9)
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Table 2 Collection of zone classification

Super yacht Lower deck Main deck Upper deck dSeuCII{
1| WESTPORT164 P TBERGRCSIAD S DR G MRFDIADVL VR L PH| B F.B
2 | Benetti LATINOU | P TBER GR CS|AD S DR G MRFEDIAD VL VR L PH F.B
3 | SUNSEEKER46M | P TB ER GR CS|AD S DR G MRFD|AD VL L PH F.B
4 | ISA 470,480,500 | P TBER GR CS|AD S DR G MRFD|AD V.L L PH F.B
7 SENSATION P TBERGRCSIAD S DR G MRFD|AD VL L PH F.B
8 TIMMERMAN P TBERGRCSIAD S DR G MRFD|AD VL L PH F.B
9 | LADY MICHELLE| P TBER GR CS|AD S DR G MRFED|AD VL L PH B FB
10 INEVITABLE P TBERGRCS|AD S DR G MRFD|AD V.L L PH B FB
11 LOHEGRIN P CSERGRCS|AD S DR G MRFD|AD V.L L PH B FB
12 MINE GAMES |TB C.S ER GR CS/AD S DR G MRFD|AD V.L L PH F.B
13 ALEXANDRA P TBERGRUCS|AD S DR G V.RFD|AD MR L PH F.B
%o 2 WESTPORT1649 &3t2 A5 Fig. 333 o] F&33ch Z4 &
narse gee Aagen vehiy Azgel A7 Ad@ geke)
TR Am P A4ne AN gRase FUMAd A Fo
SHA] 7] wlEoll A<l st

Fig. 33 Typical interior layout
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GR

Fig. 35 Guest stairs

(3) AMF A (Engine stair)

AXF A4E AGS=Z Fig. 367 o] <dxE Foo dF Ao F=
A gt O FE Aol EAEA R LOHEGRIN, MINE GAMESS®} 2]
R0 F0% Bol 98 AelE o] Awe] EASA g

e =
T8 " EgR
Fig. 36 Engine room stairs
(4) ZAFA G (Platform stair)
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Fig. 37 Platform stairs
5.3.2. T3+

(1) FHAH(Galley stair)
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Fig. 38 Galley stairs
(2) @] HF-AF(External stair)
31922 UARle] nheba] Felvh vhEn] ofelek 2 3744 et 9l
o Az e st dRAGo=EE ARSI A BH7A Fig.
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Fig. 39 External stairs: zigzag style
o @5 FH: FRA AR bA] dHowwt X9-HA Fig. 403 2
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Fig. 40 External stairs: independent style
o WA FE: FHEFolA AT A7EA Fig. 4149 FFHo= A i F
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Fig. 41 External stairs: symmetric style
(3) SHAIH(Side stair)
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Fig. 42 Side stairs

5.3.3. At

(1) A#ASH(Sun stair)
Fig. 437 #Fo] “gzste] Aw
olt}h, e ofFAG Y} Fe 5SSzt

Fig. 43 Sun stair

(2) Z2Fo] Al H(Fly stair)
Sfol Al At Ui o9 cto|x Xt oew S & S e A
ol ZetolAdo] EAHA] Fe 3
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EAGG ARGBoR & W, E9 FTAL ARAWS Lol A3
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Fig. 44 Fly stair: independent crew stair
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3 417 (Chromosome)= H”(Topology)-‘?‘—liri’% 715} 8K Geometry) -3 0 &
%a}al UERH A THNick, 2008).
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Fig. 45 Altered_ internal layout
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Table 3 Symbolic expressions of topology

Lower deck

Main deck

Upper deck

Tender boat

Salon

Lobby

Engine room

Dinning room

Pilot house

Guest room

Galley

VIP lounge

Crew space

Master room

Master room

VIP room

VIP room
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Fig. 47 Initial area arrangement for lower deck

, °|& Fig. 437 #o] yepd

Table 5 Role of stairs

A2E &3 9 == A2 (Salon)S 4% &4
St o] &35 74]‘?:0]“/}.
T A AMFAFo = W rbr] fgk Aot

rdel A Z9ER doRERZ Yelstr] 993 A

ol
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T zebd EE #F2A(Lounge)E A2 <
=3

S AAFE Aoz FulhaHAft

Ak GRS Adsht Avom Fulg

i
)
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E

A(Fly bridge)?} ZFERA, @A T&=
VIP 24 S ddste Al
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Fig. 48 Stair connectivity diagram
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