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Ch 3. ™M(Surfaces)

3.1 Parametric Surfaces
3.2 Bezier Surfaces

3.3 B-spline surfaces
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3.1 Parametric Surfaces
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3.1 Parametric Surfaces

z =
ST z=4,Jd2—x2 -y
ST X*+y°+2°=d°
X =d cos ¢ cos &
Ol JH y =dsingcosé
H z=dsiné

r=r(x(¢,0),y(#,0),2(4,0))

~
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3.2 Bezier surfaces

3.2.1 Generation of Bezier surfaces
by de Casteljau algorithm
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3.2.1 Generation of Bezier surfaces
by de Casteljau algorithm

3.2.1.1 Bi-linear Bezier Surface Patch
3.2.1.2 Bi-quadratic Bezier Surface Patch
3.2.1.3 Bi-Cubic Bezier Surface Patch

SDAL

Advanced Ship Design Automation Lab.
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3.2.1.1 Bi-linear Bezier Surface Patch

- Given: 2x2 Bezier control point

- Find: Points on bi-linear Bezier Surface Patch ahgl: y, v 28O 2 ‘de Casteljau algorithm’ Al

P, = (1-u)b, +Ub,
q, = (1-u)bg +U by,
r(u,v) =(-v)P + vq,

r(u,v) = @-v) @1-ub,, +@-v) ub,,
+V (l-u)by, +vUb,,

by b 1-
r(u,v) = [(1_\/) V] L)OO bm} {( UU)}

u,v =004 1714 7}t
ruv)E Axtetd A

b =
RLYA = o o >~
HAFORE dh= HHE 92 F Utk

Interpolation 2 SHAIE 18 = QULL

{ 2x271°l Bezier Z™ & & 0I12010{ Bi-linear }

»
o

0 U 1 u

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap3. Surface



3.2.1.2 Bi-quadratic Bezier Surface Patch
- Given: 3x3 Bezier control point
- Find: Points on bi-quadratic Bezier Surface Patch

2 u, v Y& 22 ‘de Casteljau algorithm’ AtHS

Seoul
Nat ional @ Advanced Ship Desi kqn Automation Lab. 8/52

Univ. http://asdal.snu.ac.



3.2.1.2 Bi-quadratic Bezier Surface Patch
- Given: 3x3 Bezier control point

- Find: Points on bi-quadratic Bezier Surface Patch SHEi: y, v 28 O 2 ‘de Casteljau algorithm’ Al

Sp =(1-Vv)ry +vr,

s, =(1-v)r’ +vr,

r(u,v)=(1-v)s; +vs;

r(u,v)=(1-v)"r! +2v(1-v)r’ +vir
-

r(u,v):[(l—v)2 2v(1-v) vz} Iy
]

_r(;j— _boo blO bzo_ (1_u)2

' |=by by by || 2u(l-u)

_r2u i _b02 b12 b22_ i u2 .

by, by, by || (1-u)

r(u, ):[(1 v 2v(1-v) vﬂ by, by, by || 2u(1-u)
_bOZ b12 b22__ u2 B
EOO Fé[‘f yteiAided Shp Dsin - rt2. Hull . odelin - Ch3. Surface — SXSJH __I _jE Jct;i jéi ; 0| g OI‘ 01 ]

~ =i~ Bi-Quadratic Bezier PatchE 78 & UL} o5




3.2.1.3 Bi-cubic Bezier Surface Patch

- Given: 4x4 Bezier control point

- Find: Points on bi-cubic Bezier Surface Patch SHEi: y, v 28 O 2 ‘de Casteljau algorithm’ Al

- ma
boy By by b3,0W B; (V)
by, by, b b, B (V)
b(uv)=|Bs(u) Bu) Bju) Bl >~ * 1
[ ° ' i ’ } b,, by, b,, by, B; (V)
" _bo,3 b,; b,, b3,3_ _B33(V)_ A
AxAJ4°] ZZ M & 012010 Bi-Cubic Bezier Patch@ 118 =+

ULL.

e s (ONSDAL
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3.2.1.3 Bi-cubic Bezier Surface Patch

- Given: 4x4 Bezier control point
- Find: Points on bi-cubic Bezier Surface Patch

2 u, v Y& 22 ‘de Casteljau algorithm’ AtHS

- ma
b0,0 b1,0 bz,o b3,0W Bg (V)
b b b b B’ (V)
bu,v)=|BS(u) B3(u) B3(u) Biu)| > *+ & !
[ i : i i } b, b, by, by, B; (V)
) _bo,3 b,; b,, b3,3_ _Ba3 (V) A
Ax4JHe] ZE A& 0120101 Bi-Cubic Bezier Patch@® & =

ULL.

Seoul
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3.2.2 Generation of Bezier surfaces
by tensor-product approach

3.2.2.1 Tensor-product approach
3.2.2.2 Tensor-product biquadratic Bezier surface
3.2.2.3 Tensor-product bicubic Bezier surface

SDAL

Advanced Ship Design Automation Lab.
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3.4.1 Tensor product approach (1)

Directional curve

1040
marm. .

o Eh‘di moving curve

— Moving curve
-> makes a surface

Start moving curve

Advanced Ship Desk'qn Automation Lab. 1 3/52
http://asdal.snu.ac.kr



3.4.1 Tensor product approach (2)

4 I
= moving curvel} €88t XI5=9] Bezier curve
0l11, moving curve®|Bezier control points9]
A& UEHHE= directional curver Bezier
curve®d O, 02t WO T WAL= HBE
“Tensor product Bezier surface” c}il BtC}.

Y e e N

.
s
----
s
----
.
L
.
.
.

4 directional ]
curve

[
|
|
|
|
|
|
|
|
|
|
|
|
|
l

—— e e

r(u) FME v WHOF sweeping 2 sweeping
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3.4.2 Tensor-product bi-quadratic Bezier surface (1)
- Given: Control Points of bi-quadratic Bezier Surface
- Find: Points on bi-quadratic Bezier Surface

blZ

bll

b, (v)

Pl
3

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap3. Surface b2 (V) b 20
2 _ s [ — e : — T “ B - 5 . .- - . L ! L

by (u)

M Given 3x3 Points by,

b, :
% M Generate start/end moving

D v=1 curves and directional curves
in quadratic Bezier form

be(u) = bozBo2 (u)+ blzBl2 (u)+ bzsz2 (u)
bs (u) - booBg (u) + bloBl2 (u) + bzoBz2 (u)

b7/ 0,(V)

b, (V) = by, Bg (V) + b01812 (V) +by, B22 (V)
bl (V) - blO Bg (V) + b11B12 (V) + b12 B22 (V)
bzo_ bz (V) — bzo Bo2 (V) + b21812 (V) + bzz B22 (V)

4 )

by(v)] by, by, || BS (V)
b,(v) |=| by Dy by Blz(V)
b,, bzz_ _822 (V)_

e z TEIT V=
t % ! National w Advanced Ship Desk'qn Automation Lab, 15/52
< agas: V. http://asdal.snu.ac.kr




3.4.2 Tensor-product bi-quadratic Bezier surface (2)
- Given: Control Points of bi-quadratic Bezier Surface
- Find: Points on bi-quadratic Bezier Surface

ol M Given 3x3 Points b;,
b, (u) M Moving curve can be
b, represented in the following
[ ° =t form:
(V) ™ bi(u,v) <G, (D82 (W) B (VB (1) 46, B2 (1)
by, bZ(V) ‘w

—[BZ2(u) B?(u) BZ(u)]

v=0
b, 4 I

u=1 bOO bOl b02_ BOZ(V)

b(uv)=[B3(u) B(W) BiW)] b, b, by BV
5 _bzo b,, b22_ _Bzz(V)_

ZZb” i (U)B (v) Bezier surface

j=0 i=0 control points

T

D = —— R 2o ( SUAL
-~ %% {“.j Naf’l’"al a)Ad cedShpD kan utomation Lab. 16/52
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3.4.2 Tensor-product bi-cubic Bezier surface (1)
- Given: Control Points of bi-cubic Bezier Surface
- Find: Points on bi-cubic Bezier Surface

M Given 4x4 Points by

M Generate start/end moving
curves and directional curves
in cubic Bezier form

bE (u) = bong (u)+ b13813 (u)+ bz3B;3 (u)+ bgng (u)
b () = bgoBy (U) + by By (U) +b,,B; (u) +bB; (u)
by (v) = boB; (V) +0,B (V) + b, B; (V) +b,B; (V)
b, (v) =D,,B; (v) +b,,B/ (V) +b,,B; (v) +by,B; (v)
b, (V) =b,B; (v) +b,, B/ (v) +b,,B; (V) +,,B5(v)
b5 (v) =h3,B; (V) +b4,B; (V) +b3,B; (v) + by B; (v)

a8 _ s Y\
b, (v) by by DBy Dgs || By (V)
b, (V) _ b, by by, by, B13 (V)
b,(v) by, Dy by by st (V)
[?OO Fall, Cpter Aided Shp Desi - Part2. Hull ' odelin - Ch3: Surface e — b3 (V) b b b b 833 (V)

/ 17/52



3.4.2 Tensor-product bi-cubic Bezier surface (2)
- Given: Control Points of bi-cubic Bezier Surface

- Find: Points on bi-cubic Bezier Surface

M Given 4x4 Points by,

M Moving curve can be

Fi represented in the following
form:
b,(9) () KB, (B2 () Lo, (B () o, (B3 ) B (B )

by (V)|
b, (V)
=B3(u) B3(u) B3(u) Biu)| *
CIOREAOREAOREC)
b, (V)
by, ] -
u=1 Do Do Dy, Dy BS(V)
b. b, b, b.l| B
p— S buv)=[B) B Bl B e P P Pe||B0)
bo(V)] [bgy by by bys || BEV) by 0y by Dy Bzg(v)
b,(v) | _| by by by, by || B(Y) TG D3y By By Dy || B5(V)|
bz(V) bzo b21 bzz b23 B;(V) :ZzbijBi (U)BJ(V)
b. b. b, b . Chas

Vationa - 2 7 p 18/52
g Advanced Ship Design Automation Lab.
iv. k__w http://asdal‘sgu‘ac.ﬂ
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3.3 B-spline surfaces

3.3.1 Generation of B-spline surfaces
by tensor-product approach

3.3.2 B-spline surface Interpolation

Naval Architecture & Ocean Eng
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Naval Architecture & Ocean Engineering

3.3.1 Generation of B-spline surfaces
by tensor-product approach

3.3.1.1 Tensor-product bicubic B-spline surface

3.3.1.2 Programming Guide of Tensor-product
bicubic B-spline surface

SDAL
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3.3.1.1 Tensor-product bicubic B-spline surface (1)
- Given: Control Points of bicubic B-spline surface
- Find: Points on bicubic B-spline surface

M Given 5x5 Control Points d..
u-knots, v-knots,
u-degree(=3), v-degree(=3),

Ij'

M Generate start/end moving
curves and directional curves in
cubic B-spline form:

Ng (V) +dg; N (V) +dg,N; (V) +dgsN3 (V) +dg, N, (V)
Ny (V)+dy; N (v)+d,N; (V) +d, N3 (v)+dy, NS (V)

) =d,Ng (V) +d,; N7 (V) +d,, N3 (V) +d,N3 (V) +d,, N2 (V)
) =dggNg (V) +dy NP (V) +dg, N3 (V) +dggN3 (V) +dyy N2 (V)
) =dyNg (V) +d,; N3 (v)+d,N; (V) +d,N3 (v)+d,N; (V)

dy, dos dy Ng (V)
d, d, d, Nl3 (V)
dy, dy dy Ng (V)
dy, dy dy Ng (V)
d, dg d44_ _Nf (V)_

Seoul
Nat ional Advam:ed Ship Des kqn Automation Lab, 21/52
Univ. ttp.//asdal.snu.ac.



3.3.1.1 Tensor-product bicubic B-spline surface (1)
- Given: Control Points of bicubic B-spline surface
- Find: Points on bicubic B-spline surface

M Given 5x5 Control Points d
u-knots, v-knots,
u-degree(=3), v-degree(=3),

M Moving curve can be
represented in the following

form:
d, (v)
d, (v)
=[N3 (u) NP(u) Nj(u) N3(u) NZ(u)fd,(v)
d, (v)
[d. (V)]

B . )
dyy doy dyp s o, Ng(V)
[ ] d, d, d, dy d, Nf(V)
d (V)] T T 1| rev)=[NS) Nu) Nju) N3u) Ni)|dy, dy dy, dy dy || N3
dO(V) doy do dyp oz dy Ng(V) 0 ! 2 2 4 dm le d22 dzs d24 Né()
d d d. d d d N3 0 Oy Oy g dyy || N(V)
1(V) 10 Y1z Y2 Yz Yy 1(V) SIS 3 . dy, d, d, d, d, || N
— a0 Yar Ugp Uy Uy | Ny
dz(v) =|dy dy dy dy dy N23(V) _szijNi (U)NJ(V) i - _
d, (v) dy, di dyp dy dy N;(V) ==
3
200 lgaﬁ,(cvo)-npute-rgﬁped SdiélDesi(gﬂz— Pagﬁ? HuIIdF‘Hﬁ MIEI&EEIYQ)._(:hapgkurface 22/52




3.3.1.2 Programming Guide of

Tensor-product bicubic B-spline surface
- Member Variables of Class

class CBsplineSurface

{
public:
/[ member variables
int m_nDegree; > Xtz (3 0 1
double* m_pKnot_U; > u 98t KnotQt A (99H)
int m_nNumOfKnot_U;
F'OUbIe* m_pKnot_V, > v &8k Knot2t M (99H)
int m_nNumOfKnot_V;
Vector** m_pCP;
int m_nNumOfCP_U; = Control Point, u, v 2 Jli %=
int m_nNumOfCP_V; (u &8 500, v B8k 5IH)
/[ member functions
};

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling
I T g | \ s

- Chap3. Surface

Z g Seoul
. @% Nat ional Advanced Ship Des gn Automation Lab, 23/52
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3.3.1.2 Programming Guide of

Tensor-product bicubic B-spline surface
- Member Functions of Class

class CBsplineSurface

{
public:
/ member variables

/l member functions Y

void SetKnot(double* pKnot_U, int nNumOfKnot_U, double* pKnot_V,}nt
NNumOfKnot_V);

r=========

: o : Knot &%
double N(int n, int i, double u, int uv); > Knot

Vector GetPoint(double u, double v);

st ENCDAL
@ National Advanced Ship Desk'qn Automation Lab, 24152
T

Univ. http://asdal.snu.ac.



3.3.1.2 Programming Guide of

Tensor-product bicubic B-spline surface

- Member Functions of Class

class CBsplineSurface

{
public:

/ member variables

/[ member functions

void SetKnot(double* pKnot_U, int nNumOfKnot_U, double* pKnot_V, int

NNumOfKnot_V);

_____
S ~

=>» B-spline Basis Function A&t

~ /
________

Vector GetPoint(double u, double v)

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap3. Surface

Nio(u) :{

B-spline Basis Function Hl&F

(Cox-de Boor Recurrence Formula)

Nin (U) —

i+n-1  “i-1 i+n

1 if u, <u<uy,
0 else

N (u) + Uin U N

n-1
i+1

(u)

25/52



3.3.1.2 Programming Guide of

Tensor-product bicubic B-spline surface
- Member Functions of Class

class CBsplineSurface

{
public:

/ member variables

/[ member functions

void SetKnot(double* pKnot_U, int nNumOfKnot_U, double* pKnot_V, int
NNumOfKnot_V);

double N(int n, int i, double u, int uv);

0
=
=

Vector GetPoint(double u, double v); | 2 Parameter u, v0il tHeF =& &2

doo doy dp, dps dg, NS(V)_
Ao dyy dy iy || NFW)
ry) =[N N NG NG NG dy dy day da || N3)
dy dy Oy dyy dyy || NJ(V)
d, dy d, dy dg|[NZ(v)

:Z dijNi3(u)N?(V) ) N )

5
j=0 i=0 26/52

5

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Mo




3.3.1.2 Programming Guide of

Tensor-product bicubic B-spline surface
- Member Function Example ‘GetPoint’

Vector CBsplineSurface::GetPoint(double u, double v)

1 = Parameter u, v0l| CHSt =20 AO| & H| At
// return value

Vector r_u v(0.0, 0.0, 0.0);

// get curve
for (int i=0; i<m_nNumOfCP_U; i++)

{
Vector r_v(0.0, 0.0, 0.0);

for (int j=0; j<m_nNumOfCP_V; j++)

{
rvs=ryv+mpCP[i][j] * N(m_nDegree, j, v, ID V);
} |$ do(V) = dooNg(V) +d01N13(V) +d02N23(V) +d03N§(V) +d04N43(V)
ruv =r_uyv + N(m_nDegree, i, u, ID_U) * r_v;
} - —
|1(> dyy do dg, dg; dy, NS(V)
return r_u_v; d, d d, dy dy [|N}(v)
} ruv)=[NSU) NAu) NEU) NSU) NEW] dy dy dy iy d || NEQV)
dy d; dy, dy; dg, Ne?(V)
> d40 d4l d42 d d44 _Nj(V)_

20009 Fall, Co'mpu,tgr Aided Ship Design — Part2. Hull Form Mo

=32 dNFUNF(v) - v

5
j=0 i=0 27/52
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3.3.2 B-spline surfaces
Interpolation

3.3.2.1 bicubic B-spline surface interpolation 7| 2
3.3.2.2 bicubic B-spline surface interpolation 4HA| 1}7d
3.3.2.3 Sequences of Finding knots

3.3.2.4 Knot ZtAX}0|7} = AT

3.3.2.5 Example of bicubic B-spline Surface
Interpolation

Naval Architecture & Ocean Eng
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3.3.2.1 bicubic B-spline Surface Interpolation (1)
- Given: 2HANO| 97 M A} 4 BX|™0f|A{Q] u, vElSEo] T A HIE]

- Find: Control Points of bicubic B-spline Surface

P2 P21
— —o. — -
7 ~
4 ~ \Pzz
P10 7/ o ‘Q\
/ p71 I
/ /

I’(U,V) = [NJ(u) N;(u) N(u) N:(u) Nf(u)]"| d, s Uy dy  dy,
Qso 31 d32 d33 d34/
dg \d,a d42 dﬁ’d:m_

57||°| E’é"“ TotH

2009 Fall, Computer Aided Ship Design - Part2. Hull Form Modeling- Chap3. surface
SN o = S e = ,:_..:;_.'7 - e -

| NJ(V) |

N (V)
N, (V)
N; (V)

| N(V)

% ﬁég T 2UCk

Ad m:edShpD
http://asdal.sn

kqn Automation Lab. 29/52



3.3.2.1 bicubic B-spline Surface Interpolation (2)
- Given: ZH 2| 97 Fa} 4 ZX|FHO|A 2| u, v HHHE
- Find: Control Points of bicubic B-spline Surface

4 )

[0 E (P, ;) HMYH (¢, ) 2EFH
=2 ZHA(C, )3 oL
1 0 O 0 0 |
_i i 0 0 0 C00 I:)00
As As C01 t00
0 a p Y 0 ||Cq |=| P
0 0 0 _i i C03 tOZ
E AE _CO4_ _P02_
0 0 O 0 1

P t Bessel end condition@E HMYE|(t, .)& A8}
P1o - =0 ~ . 12 12 i

tor .~ p SQ

7 N
7 S Bessel end condition:
ZME KL= 38& 2XfAle &2 HeKinterpolation)
Poo Po2 t02 et ¥ Mol EH A2 1xj0|2kE T3 W S

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap3. ace




3.3.2.1 bicubic B-spline Surface Interpolation (3)
- Given: H&O| 971 FHa} 4 ZX|H0AML| u, viFEe| MY E

- Find: Control Points of bicubic B-spline Surface

~N
OZLIE| B-spline XA (d, )& TSI}
1 0O O 0 0
_i i 0 0 0 doz Coz
As A d12 Lo
0 a p 7 0 ||dy |=|Cp
0 0 0 _i i d32 Ly
E AE _d42_ _C22_
0 0 O 0 1
_ _ J
t,; P22
X) t24
Cys I
/
o
o C13 ¢ P12
/
/

t
Poo > Coz - Poz2 Nto,

2009 Fall, computer aie BESSEl end condition@F FHMHME(t. )& 4B} 31/52



3.3.2.2 bicubic B-spline Surface Interpolation (4)
- Given: FHYO| 97| Fat 4 FX[FOAML| u, vi&Ee| FHHHE
- Find: Control Points of bicubic B-spline Surface

Po2 P12 1. u @ knot@ EH
o FOIXI MFO| utliet Ha|E HIAISH}
5.4 P22
3.6
Po1
- 6 P11
6
P21
Y p
10
Poo/'4 6
u p&
U Given

o SHO| XILIOFE &2 TE
o ME2 ARFYH grid FEHOI0F 2 (0ll, 2x2)

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap3. Surface

A i - | ik Seoul SDAL
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3.3.2.2 bicubic B-spline Surface Interpolation (5)
- Given: ZRHAHO| 97§ HI} 4 BXIHOIMC] u, vittse] F MM
- Find: Control Points of bicubic B-spline Surface

1. u @ knot@ A
o ZO0|XI MFO| utiSt HE|E HIAISH}
o JATHHIIE LA

ud8¥ knotidl FE

O Given
o O] XILIOFE M &0l X H
o M&E2 AIA grid HH{010F & (0, 2x2)

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap3. Surface
g g [ g = T3 e =

e s 5+ N A Seoul SDAL
> . %ﬁ,\ Naz:lonal Advanced Ship Desk'qn Automation Lab. 33/52
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3.3.2.2 bicubic B-spline Surface Interpolation (6)
- Given: ZRHAHO| 97§ HI} 4 BXIHOIMC] u, vittse] F MM
- Find: Control Points of bicubic B-spline Surface

1. u W knot@ &N
o FOX H&FEO| ulSt HalE AlASH
o HABH HElE 2t BT XTI 0] Hel&E 529
ultet knotdlll B E
o OIXIZ} A9 knotat2 = 2} MO knotita® LIS &
8= knotgt& HIAHCHC

O Given
o O] XILIOFE M &0l X H
o M&E2 AIA grid HH{010F & (0, 2x2)
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3.3.2.2 bicubic B-spline Surface Interpolation (7)
- Given: TR0 974 Rt 4 ZX|HoIMC u, vittsre] TMHE]
- Find: Control Points of bicubic B-spline Surface

Po2 P12 1. u B knotE EF
o FOX HFO| utliet Halg HIAKeH
0 0.6 Pys o HAISHHRIE 2t HEZ XS] 0] HelE Imol
ultet knotdlll B E
Por 1 o OIXIZ} A9 knotdh 2= 2} 9| knotat® L0 &
o— TSHE knot@t & HIASHCH
0 P11 o HTOIE knotalEE VIIHOF BT ui knotik
0 0.5 & HlAoir)
0.5 P21
\'% 1 1

0 Poo 0.4
u

O Given
o O] XILIOFE M &0l X H
o M&E2 AIA grid HH{010F & (0, 2x2)

2009 Fall, Co»mpu,tgr Aided Ship Design — Part2. Hull Form Modeling- Chap3. Surface
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3.3.2.2 bicubic B-spline Surface Interpolation (8)
- Given: T HYQ| 97 Fa} 4 BX|ZA Q| u, viEEe| HMHE
- Find: Control Points of bicubic B-spline Surface

1. u WS knot@ A
o ZO0|XI MFO| vt HE|E HIAISH}

Poz P:\
P2, o JlIBHHEE 2} MEE XTI} 0] Hel& 5T
\ ultet knotdjal B E
1 o OIXIZ HO| knot@h2F 2} 9| knotat® L0 H
8= knotat@ HIACH
P11 o HTABE knotUTOT vHISIOT W (IS knot
0.5 at&E HIAreH
P21
1
P10
u p&

Po
0
0

vf@ N\
S 2. u W HES H2OL= B-spline TS A
0 Z=X0| 4ok K =

| notQl M && X|LI= B-spline =M
it 1 ZHEE AAeHT

3. v W knot ZHHE iRt SATH YO F
Ol
O Given THFSE B_cnline TAO] XRXIS EITHII= HISE
o FE0| XILIOIZ FSOl FHE 4. ;_;’pfi’nz .2.’;'31"5 im" LT R
S e UM B-spline ZAO| ZHFOI LHUIA 19 2
B 020101 vi¢

UHHOF vilgl knotE AT 2, 0
8 B-spline 2M =
O] ZHH (&ZHH) 0l £IF B-spline FHO| ZF A0

m

2009 Fall,
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3.3.2.2 bicubic B-spline Surface Interpolation (9)
- Given: T HYQ| 97 Fa} 4 BX|ZA Q| u, viEEe| HMHE
- Find: Control Points of bicubic B-spline Surface

O Given
o O] XILIOFE M &0l X H
o M&E2 AIA grid HH{010F & (0, 2x2)

1. u WS knot@ A

o FOIXI EFO| utiet Halg HIAKeH}

o JHABHAHIIE 2} MEE XTI} 0] Helg SH9
ultet knotlll B

o OIXIZ} MO knot@#t 2= 2} MO| knotatE L0 &
OE knotat® Al 2SI}

o HAYE knotUEE vEIEOTE WHOIN XZFHOClu
S knotat& Hl&2H

2. u'We HE® B20H= B-spline FM HA
o HEHY v knotQ} & & XILI= B-spline HM
1t 1 ZZEE HMS
3. v 8% knot 21 @ Uil ST WHOF 7
s}
4. u

B-spline FME &
o  uBB-spline HMO| A0l THOHAI 1¥ il &2
gEoz vile knotE B 2, 0|18 0/2010{ v
8 Bspline HA S WA, 0| 3N
o ZHF (W2/d) 0] A1 -spline AL ZHHO)

@ B-spline JMO| ZMHE HZHOl= vES
1|
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3.3.2.3 Sequences of Finding Knot

B-spline =M0jIA{9] [ Tensor Product@tAlOo g MO| &l i
Knot 21 OlI= spline =80l AM2] Knot 2=

J.

(Z0|XI= IHALO| H0| GRIDY 2
0l 2O =010} OJAIXQI I

(012 FMAl0| HERLE Chord
Length@ 118t

A Jbs
A, _\/‘pil_piz‘,(i=2,3 ...... n+2) N ’
‘pr—ppﬂ
v r

(ZMAlo| F MMHIEIQ} 0] Knot
ZHE & 0|2010] B-spline ZAHEE

T+ U

|

|

|

|

|

|

. |
- /:
|

~N

|

|

|

|
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3.3.24 Knot 7t4 X107} == €

09

[’éﬁl} & AL0I2] knot ZH42 11 & AIOIE XILPI= Ol ddl= Alzhl &2 JHE0ICE ]
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3.3.24 Knot 7t4 X107} == €

o

[’éﬁl} & ALOIQ] knot 2142 11 & AIOI& XILPD = dl ddl= Al &2 JHSE0ICE ]
1 M0
Knot 214
2
3

oo conves O knotZFHHITE HIZR £ 8 RO HR0| MO}
2. S = — e Tq ﬂ ] ﬂ .
N N > == \ o - - ;s ; = o g — . m— Frors T . . ; 40/52
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3.3.2.5 Example of bicubic B-spline Surface Interpolation (1)
- Given: Points on Surface
- Find: bicubic B-spline Surface (Control Points of bicubic B-spline Su

B  Project] - Bspline =il
File  Miew Help
DS H &Q 00 X e
B points.txt - H2Z
L 4 m
16.8 18.8 B.0
16.8 28.8 5.0
16.8 38.8 5.0
16.80 48.80 8.0
20.8 18.8 5.9
20.0 20.08 18.0
20.0 30.0 18.0
20.0 48.8 5.0
30.0 18.08 18.0
0.8 20.0 18.0
0.0 30.0 18.0
30.0 48.0 18.0
4o.B8 18.8 B.0
L4LOo.B 28.8 S._@0
4Oo.8 38.8 S.o0
4Oo.0 4B.0 B.0
1 »
e . .
*«% Feady Clicked point: Hone _  tion 1o6, 41/52
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spline Surface Interpolation (2)

3.3.2.5 Example of bicubic B

- Given: Points on Surface

& 2t oAl

Mt

- Find: bicubic B-spline Surface (Control Points of bicubic B-spline Surface

?  Project! - Bspline

tion Lab. 42/52

XN g

iDFHEH &AM &

MU

Clicked point: Mone

A Ready




3.3.2.5 Sample code of bicubic B-spline Surface Interpolation (1)

void BicubicBsplineSurface::Interpolate(Vector **pFittingPoint, int nU, int nV) {
// Generate u-Knot

if(m_UKnot) delete[] m_UKnot;

m_nUKnot = (m_nU-2) + Z*{3+1);

m_UKnot = new double [m_nUKnot];

// Initial u-Knot
double** tmpUKnots;
tmpUKnots = new double*[nV]; _
for(int j = 0; j < nV; j++){ =» Chord length£ 0| &5}t
tmpUKnots[j] = new double[nU]; s Al
for(inti = 0; i < nU; i++){ u,v & Knot &<
tmpUKnot[j][i] = ...; // chord length or centripeta

}
3

// generate average u-Knot
for(int.i=0;i < nU; it+){
m_UKnot[i] = 0;
for(int j=0; j<nV; j++) { m_UKnot[i] += tmpUKnot[j][i]; }
m_UKnot[i] = m_UKnot[i] / nV;

2009
[

Advanced Ship Desk'qn Automation Lab. 43/52
T
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3.3.2.5 Sample code of bicubic B-spline Surface Interpolation (2)

// Interpolate u-directional B-spline curve
CubicBsplineCurve* u_curve = new CubicBsplineCurve|
for(intj = 0; j < nV; j++){
u_curve[jl.SetKnot( m_UKnot );
u_curveljl.Interpolate( pFittingPoint[j], nU );

2009
[

}

// Generate v-directional Fitting Point
int nvFittingPoint = u_curve[0].m_nControlPoint;
Vector** vFittingPoint = new Vector [ nvFittingPoint ];
for(int j=0; j < nvFittingPoint; j++){
vFittingPoint[j] = new Vector[ nV ];
for(inti=0;i < nV; i++){
vFittingPoint[j][i] = u_curve[i].m_ControlPoint[j];

--------------------------

g

o

-

8F B-spline curve 44
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Univ. http://asdal.snu.ac.

5k'qn Automation Lab. 44/52
d



3.3.2.5 Sample code of bicubic B-spline Surface Interpolation (2)

// Interpolate u-directional B-spline curve
CubicBsplineCurve* u_curve = new CubicBsplineCurve[nV|
for(int j = 0; j < nV; j++){
u_curve[jl.SetKnot( m_UKnot );
u_curve[jl.Interpolate( pFittingPoint[j], nU );

3

// Generate v-directional Fitting Point u

int nvFittingPoint = u_curve[0].m_nControlPoint; P20

Vector** vFittingPoint = new Vector [ nvFittingPoint ];

for(int j=0; j < nvFittingPoint; j++){ UISE R_ i O] XNANA=2
vFittingPoint[j] = new Vector[ nV ]; u_ o &B S_plmefurve _I —ee=
for(inti=0;i < nV; i++){ Fitting PointZ ot
} vFittingPoint[j][i] = u_curve[i].m_ControlPoint[ji; V Iél- §>|: B-spline Curve /él-:!/g

3
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4.1 T B-spline % patchE 0|88t MARH 4d =27 ¢
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4.2 7tCiot Q E

* @A MEU oSSt 20054 25 S, 3T S0l SHYS0l ATt MY
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O Offset table WAIOF ¥ &8 &0 £
0l &= £ H bicubic B-spline M

)
HHZ Wadt gl
6x14 points = > > pd .
- ® w . ®
» 5 ® ® °
™ ® L] ™Y [ ]
= ° & ° s
® ® e & o ®
: - s .
@ o
. . . . 1
® ® °
@ ® = .. a ®
& p -
N HE SZEOS 019t YA
HF2HL AS
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Q S xZHH AI0I2] H2Jt 2 HOI=E 8 &S 2,
0l ISE 58 H bicubic B-spline MEZHE MAMoI Hil}

11x11 points

Des,l;gn Automation Lab. 50/52
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