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3.1 Parametric Surfaces

10
A

1rr

a | mnli

i f K § I
|
3

1Oonn
L

| jaimjmimie 5
3 | m [ [ [
i | ; 2 o o
alw Ot - [ [ i o [
m{m]m{ I N I 11 L 1 O O O O O C O O
| OO0 e o O00O0Oo0o0oooooooono
O 1000000000000 0000000000000O0ao
| OO0000000000000O00000000OoO000oOno
101 OO0000000000O000O000000000Ooocooo
1L OO0O0O0000000O00O0O0O000O00O00O00O0000oOogo
C 100000000O00O0O000000000O000O00O00oOo0oo0
]| OO000O000O00O000O0O000000000O00ooOonO
1 NOO0O0O0O0O0O0O0O0O0O0O0O000O00O000O0O00O0OoOo0on0
OOO0O00O000000O0O00O00000O000000000O
I§00000000000000005000000¢
D B ———
A utomation



[

.2.1 Parametric Surfaces
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3.2 Bezier surfaces
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1oo6g ~ 3.2.1 Generation of Bezier surfaces
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= -~ Dby de Casteljau algorithm
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3.2.1 Generatlon of Bezier surfaces
by de Casteljau algorithm

3
%,;23.1 2 Bi- quadratlc Bezier Surface Patch
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: - Given: 2x2 Bezier control point
- Find: Points on bi-linear Bezier Surface Patch

3.2.1.1 Bi-linear Bezier Surface Patch

0
It

= (I-=uw)b,y, +4 by,
= (I=u)b,, +4 b,

=

r(u,v) = (1-v)P + vq,

r(u,v) = (1-v)(1-u)b,, +1-v) u b,
+v(-u)b, +vu b,

b, b 1-
r(u,v) = [(l—v) v] L)OO blo} {( u”)}

01

u,v & 09 A 1744 S 7}shH
r(uv)= Axreba A bgosbigsbysby =

77 1 S0 o
LA MO R St HHES IS I Aok

cu, v SO ‘de Casteljau algorithm’ A2

2x2J19] Bezier X
Interpolation 2

44 2 0I2010 Bi-linear

X
o
(=)
£ JEAE 7Y 5 U

|
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|

0 u 1 u




I3.2.1 .2 Bi-quadratic Bezier Surface Patch

k- Given: 3x3 Bezier control point
- Find: Points on bi-quadratic Bezier Surface Patch ®H: u, v O F ‘de Casteljau algorithm’ A2

- — - u 2
r b, b, b, (1—u)2 r, =(l-u b00+2u(1—u)b10+u b,,
i |=|by, by, by |[2u(1-u) 1 =(1-u) by, +2u(1-u)b,, +u’b,,
u 2

5] e by by - r, =(1-u 2b02 +2u(1-u)b,, +u’b,,

SDAL °
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[ 3.2.1.2 Bi-quadratic Bezier Surface Patch

k- Given: 3x3 Bezier control point
- Find: Points on bi-quadratic Bezier Surface Patch ®H: u, v O F ‘de Casteljau algorithm’ A2

0 b,
' |=|by b, by | 2u(l-u)
_rzu_ | by, by, by | i u’ |

=2

_boo 10 bzo_ (l_u)z

2
r(u,v):[(l—v) 2v(1-v) vz} b, b, b, || 2u(l-u)
2
_boz b, bzz_ u
[ 3x3JH9] ZHHE 012010]
Computer Aided Ship Design 2008 - PART I: Curve & Surface Bi-Quadratic Bezier Patch& 7'& == ALt




3.2.1.3 Bi-cubic Bezier Surface Patch
- Given: 4x4 Bezier control point
- Find: Points on bi-cubic Bezier Surface Patch Htty. y, v WO F ‘de Casteljau algorithm’ A2

- m_—
bo,o b0,1 bo,z b0,3 Bg (v)
[ p3 3 3 3 b1,0 b1,1 b1,2 b1,3 Bf(V)
b(u,v)=| Byw) B)(w) By(u) Bi(w)] by by b bo.| |50

3
. _b3,0 b3,1 b3,2 b3,3_ _B3(V)_)
4x4J1e] Z™HME 012010 Bi—-Cubic
Bezier PatchE & =+ UL




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

bo,o b0,1 bo,z by _Bg (V)_
b, b, b, b B’
b =[ B B Bw Bw] e e A
b,, b, bz,z b, ; B, (v)
. _b3,0 b3,1 b3,2 b, ] _B§ (V)_ )

Ax4J0] XXMM E 0|2010 Bi—-Cubic
Bezier PatchgE & £+ UL




3 3 B- splme surfaces
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3.3.1 Generatlon of B-spline surfaces
by tensor product approach

F - 3 1.1 Tensor- product bicubic B-spline surface
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[ 3.3.1.1 Tensor-product bicubic B-spline surface (1)

- Given: Control Points of bicubic B-spline surface

Fmd Points on bicubic B-spline surface

d14 d24
d23
d22
d,(v ds,
d21
d31
d20
d30
ui =0 uAI: 0.4

Computer Aided Ship Design 2008 - PART I: Curve & Surface

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

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

= w

223

(%)
=
=

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

W .

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

®  Moving curve can be represented
in the following form:

} } 4 _ _ N\
=0 1, =04 o=l dy dy, dy, dy dy, || N(v)
i uy d, d, d, d; d, N13(V)
— - _ - _ — 3 3 3 3 3 3
o) Tdy dy dy dy d, A2 |TE0"N@ M@ ¥ N Vo) O G dn by O\ O
d d d d d d N3 30 31 3 33 34 N3(V)
1(") 10 11 12 13 14 1 (V) 5.5 3 ; d, d, d, d, d,|NE)
_ |Gy Oy Gy G Gy [ V4V ]
d, (V) =|dy d, d, dy d, N§’ (V) P ZZdUNl (u)NJ (V)
=0 i=0
d, (V) d, d; d;, d, d, N33 (V) !
d,(v)| |d, d, d, d; d (v)




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

- Member Variables of Class

'cla!BSpli neSurface

{

public:

5

// member variables

double* m_pKnot_U;
int m_nNumOfKnot_U;

double* m_pKnot_V;

int m_nNumOfKnot_V; !

Vector** m_pCP;
int m_nNumOfCP_U;
int m_nNumOfCP_V;

// member functions

2> K= (3Xh

2> u B KnotQt JH= (9H)

> v 98k KnotQt JH+= (9IN)

= Control Point, u, v 9 I
( tlI-GI: 5]" y dl tII-BI: 5]")

SDAL ™
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[ 3.3.1.2 Programming Guide of

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

claEBspli neSurface

{
public:
// member variables

u G9F8F Knot (<

// member functions

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

K e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e B i

A
double N(int n, int i, double u, int uv); - Knot & &

Vector GetPoint(double u, double v);

SDAL "

Advanced Ship Design Automation Lab.
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[ 3.3.1.2 Programming Guide of

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

cla!Bspli neSurface

{
public:

// member variables

// member functions

void SetKnot(double* pKnot_U, int nNumOfKnot_U, double* pKnot_V, int
nNumOfKnot_V); HislE 1201 flag

u,voo=s

————
- ~
~,
-’ N

Ay

double N(int n, int i, double u,:':int uv}; => B-spline Basis Function H|&t

2

K 7
~, ’
________

Vector GetPoint(double u, double v); ) ) )
3. ’ " | B-spline Basis Function H|At
: (Cox-de Boor Recurrence Formula)
u—u. _ u.. —u _
N (u) = S N () + =N (u)
Uipny — Ui, Ui, —U;
0 1 if u, , fu<uy,
Ni (u) -
0 else
Computer Aided Ship Design 2008 - PART I: Curve & Surface




[ 3.3.1.2 Programming Guide of

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

claEBspli neSurface

{
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);

Vector GetPoint(double u, double v); = Parameter u, vOil HSF 2™
; Ato] & A
_doo d, d, dj d04_ _NS (V)_
d, d, d, d; d, N13 )
r(u,v)= [Ng(u) Nﬁ(”) NS(”) N;(“) N:(“)] d, d, d, d, d, NzB(V)
d,, d; d;, d;; d Ns3 )
> d, d,, d, d; d, _Nj (V)_

- ZZdl.ij(u)Nf.(v) ] -

5
Computer Aided Ship Design 2008 - PART [: Cur J=0i=0




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

EVe!!!rACBsplineSurface::GetPoint(double u, double v)

' // return value = Parameter u, v0il T ™ &9 & A&t

Vector r u v(0.0, 0.0, 0.0);

// get curve
for (int i1=0; i<m_nNumOfCP_U; i++)

{
Vector r _v(0.0, 0.0, 0.0);

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

{
rv=r.v+mpCP[i][]j] * N(m_nDegree, j, v, ID V);
} E> d,(v) = dooNg (v)+ dle3 (v)+ dozNz3 (v)+ dosN33 (v)+ do4Nj ()
ruv=r_uv + N(m_nDegree, i, u, ID U) * r_v;
¥ - —
|—|__> d,, d, d,, d;; d NS(V)
return r_u_v; dy, d, dy, dy dy || N(v)
} ru)=[Niw) Niw) Niw) Niw) Ni@[dy dy dy dy dy || NI
d,, d, d;, d;; d,, Ns3 )
3
_ iidiij (u)Nf (V) _d40 d, d, dj d44_ _N4 (V)_
Computer Aided Ship Design 2008 - PART I: Cur j=0 i=0
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I3.3.2.1 bicubic B-spline Surface Interpolation JIR (1)
. - Given: S| 9J1f &t 4 BXIFHUAML u, vES EHMHUE]
- Find: Control Points of bicubic B-spline Surface

Po P12
— —o. ~ -
Ve ~
ol S~ XPzz
Po1 (o)
/d p11 ]
/ /

u
~ _ — o -~ - ~ 3
do,o dl,O d,, d3,0 44,0 N;(v)
d0,1 d1,1 d,, d3,1 d4}1‘ N (v)
r(u,v) =[N N@ N@ N@ N hoz d, d,, d;, d,, N;(v)
3&3 d1,3 d,; d3,3 d1,3 N;(v)
/ 3
_d0,4\ d14 d2 4 (i)’( d4’4 _N4 (V)

Advanced Ship Design Automation Lab.
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[ 3.3.2.1 bicubic B-spline Surface Interpolation JI (2)
- Given: HHAO| 9JH Hult 4 BXIHWA Q] u, vEIEFO| T MUIE]
- Find: Control Points of bicubic B-spline Surface

W

(2000 P, )Tt HMUE () O2LE F2
XHE(C, )8 P
1 0O O 0 |-. 4 ro -
3 3 0 0 Coo Py
A, A, C oo
0 a f ¥ 0 |Cy =Py
0O 0 0 —Ai Ai Ci| |ty
E E
0 0O O 0 1 -C40- -PZO-

-
-

- -
too 2" P o Lo - Pi S o
7 N 7 N
v N 7 N
Poo pZOQ\tAZO Po1 p210\tA21
Bessel end condition: Bessel end Conditiong?- é-llkl—l:I#E-l(tl,J)g -_rlbl—l‘l:l.

26 S Att= 38 S 2XHA 2 2 2 2H(interpolation) &

{0
i[3]
x
10
e
0¥
=
x
10
5
=
Al
&
10
4
9'1
rir
0
it




[ 3.3.2.1 bicubic B-spline Surface Interpolation J{R (3)
- Given: HH&O| 9JH Hult 4 BXIHWA Q] u, vEIEFO| T MUIE]
- Find: Control Points of bicubic B-spline Surface

S r D

Bessel end conditionQE HMME|(t; ;)& LI



[3.3.2 2 bicubic B-spline Surface Interpolation 2 M| 1A (1)
- Given: ZHA0| 970 Hill 4 BXIZOIMO| u, viIEE0| F MU
- Find: Control Points of bicubic B-spline Surface

W

Poz P12 1. uEknotE EH

o
e FOHX MSO| LS 8
5.4 3% Py o Olu HelE Al
Po1 )
e 6 P11
6
P21
v
/4 p10
Poo
u px
O Given



[ 3.3.2.2 bicubic B-spline Surface Interpolation 2HM| 1A (2)
. - Given: S| 9J1 &t 4 BXIFHUAML u, vES| EHMHUE
- Find: Control Points of bicubic B-spline Surface

1. u @l knotE
o FOT S uBY HAUSE HMSHT
o JMOHHES 2t HEZR SHIT. 0] HAE
M|yt knot2tdl £ELL

U Given

o JHO| XILIOFZ &

o ME2 A grid HEHOI0F 2 (01, 2x2)



[ 3.3.2.2 bicubic B-spline Surface Interpolation M| 1A (3)

- Given: HAO| 9JH Hult 4 VXXMM u, vEIEFO| ™ MUIE]

- Find: Control Points of bicubic B-spline Surface

W

ILIOF2 ™SS0l XHH

F2HS grid ZEHOIOF & (0ll, 2x2)

rlo
>

0%

S knotE 23

FOX SOl e HalE HlAroHT

HiAto HelE 2 MYEZE R=XoI. 0] HelE
MO Sk knotdldd HEC}

OLX| 2 A9 knotatC = 2} O] knotatE L0
HMASIE knotZS HIAISHCE



[ 3.3.2.2 bicubic B-spline Surface Interpolation 2M| 1}A (4)
0| 97 It 4 BXIHOIMO! u, viESEO] HAHIE

- Given:

W

oy

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

Po2 P12
0 0.6 P22
Po1
0.7 P11
0 0.5
0.5 P21

> >

ILIOF2 ™SS0l XHH

F2HS grid ZEHOIOF & (0ll, 2x2)

c

0%

e knotE M
FO0HXI ME0| ek HLlE HASHT
HAYSE H2IS 2t Y2 SHSIL. 0] H2IS
MO (st knotldd B2}
ORXIZ &O| knot@OF 2} HO| knotdatS LI0f
X ASIE knotZAS HIAKSHTE
MO knotZSS VIO WA AZHO
uFeF knot@t S HIAKSHTE



r
| 3.3.2.2 bicubic B-spline Surface Interpolation Ml 1A (5)

- Given: HHAO| 9JH Hult 4 BXIHMA Q] u, vEIEFO| ™ MUIE]

- Find: Control Points of bicubic B-spline Surface

U Given
o FJUO| XILIOFE MSO| XIH
o ME2 AHH grid HEH0{ OF

]

(Odl, 2x2)

u g knotE EF
o FOX S S HelE HLteH
o HIMTHHEE 2} MEE AT 0] HelE
IMO| WSk knotdtd FEC
o OHKIY MO knotatOE 2} HO knot@tE LIFO!
HAHE knotZkS HIAKSHLL
o HAE knotASE VRO BIV0| ASHO

lio
=
rx
ro
m]

ugtsF knotat

& E2t0k= B-spline SME Al
(o)

I v knotQt MEE XIU= B-spline
1 X™EHEES HAetT

<
0z
0%
=)
<]
-
Iy
i

c
£
&
=
OH
0
O
x
0%
10
HU

(=
0%
D w
©
5
0
H
rx
1o
N
0
o
o
HI
N
(=]
rir
<
(]
02

? C
_'.3
=
JH
rx
fio
= |
>

=
=
£

= Jd T
rx
i L2
A
> ox
o 02
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o
<

0
© Hl ©

o
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L=
o
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2
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0L
0%
o
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©
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IE
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20
Bt e
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o 0
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0
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A JH

0xrx

0o
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[ 3.3.2.2 bicubic B-spline Surface Interpolation 2HM| 1A (6)
. - Given: S| 9J1 &t 4 BXIFHUAL u, vES| EHMHE
- Find: Control Points of bicubic B-spline Surface

U Given
o FJUO| XILIOFE MSO| XIH
o ME2 AHH grid HEH0{ OF

]

(Odl, 2x2)

4.

0%

S knotE 23
FOHX MSO| vl HLE HIAMSHT
HIAKSH HEIE 2 MUY= =X 0] HElE
MO (st knotldd B2}
OpX|8 A9| knotZtCE 2t MO knotétS U0
A0S knotZAS HIAMSH}
HA%E knot#AS S vaIZoZ WAL XSHQI

S H2ZH0l= B-spline SME H| AL
HEHOl ue knotQ} MSE X|ILI= B-spline
MOt TEEE et

u W B-spline FMO| XFYFE H20l= v
B-spline FME H| A

utlkst B-spline FMO| X
WHOZ vEISF knotE &
vEESE B-spline M (W2 g dgeiLt. 0l

MO| ZHH (IHEHA) Ol XIF B-spline MO



[

. 3.3.2.3 Sequences of Finding Knot
W
[ B-spline =S M0IA19] ]
-

/
Tensor Product@AO = MO| =
spline = HOUIAM 2] Knot ZHH0IIZ

\

=0{X|= ZBIAIO| M 0| GRIDS
2H0] FLOHAI =01 0F O] AH=IOI
oS Jts

Knot ZHe OII=

A Pazpel o o5 sy |10 7
Ai+1 Pi = P
- /
U - A




|

.3.3.2.4 Knot 24 XI01J}I = S
) —
[— it A AH0IO] knot ZHHS 1 A AIOIE XIUJIE Ol Z2l= AlZHl 22 JHE0ICt.
?,—4?7 O—
1 \0 SMYo| &
) E I A
| B 1 A
0 05 1.5 6.5 fnot =3
2
3

** CAGD |




.3.3.2.4 Knot 24 X017t &

W

XL Sk

T o OO

F
it ™ ALOIC] knot 2tH 2 1 & AIOIE XIWJi= Gl 2el= Al 22 JHSE 01
1 SMa9 &
Knot 2+
2
3
* CAGD | I3 92 knotZHAHIJ} HIXE £ ZO| 20| L) ]




I3.3.2.5 Example of bicubic B-spline Surface Interpolation (1)

- Given: Points on Surface 3K =™ 2k oAl

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

2 Project] - Bspline

File Wiew Help

IDEH &>Q O e e x| XK o

B pointstet - HEE
h h -
18.8 186.8 0.0
18.8 2.8 5.0
18.8 38.8 5.0
18.8 48,8 0.0
28.8 18.8 5.0
__——||?8.8 2808 18.0
A 18.0
A 5.@

- ~ " loe.0 30.
~fl20.0 40.
: 368.0 19

s 30.9 20.

_.Ail
”\i’@/

{30.0 30.
130.0 ne.0 10.
46.8 10.8 0.0
40.8 28.8 5.0
46.8 30.8 5.0
46.8 40.8 0.0
4 k

34

Computer A Feady Clicked paint: Maone _'_ri.gerutomation Lab.




I3.3.2.5 Example of bicubic B-spline Surface Interpolation (2)
R- Given: Points on Surface
- Find: bicubic B-spline Surface (Control Points of bicubic B-spline Surface)

Computer Rerdy [Clicked paint: Nane

~[NUM |

35

_MIn Automation Lab.
—kr
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. 3.3.2.5 Sample code of bicubic B-spline Surface Interpolation (1)

void BicubicBsplineSurface::Interpolate(Vector **pFittingPoint, int nU, int nV) {
/1 Generate u-Knot
if(m_UKnot) delete[] m_UKnot;
m_nUKnot = (m_nU - 2) + 2*(3+1);

m_UKnot = new double [m_nUKnot];

// Initial u-Knot

double** tmpUKnots;
tmpUKnots = new double*[nV];
e 0 T = Chord lengthE 0|2 0}0
{  tmpUKnots[j] = new double[nU]; u. v I:cl>|-g|: Knot Aoﬂé;
1 ,

for(inti=0; i< nU; i++){

tmpUKnot[j][i] = ..., // chord length or centripetal

// generate average u-Knot

for(int i = 0; i < nU; i++){

m_UKnot[i] = 0; > KnotZt ZHH0| WARZOZ
for(int j=0; j<nV; j++) { m_UKnot[i] += tmpUKnot[j][i]; } Knot IH *E'Ig

m_UKnot[i] = m_UKnot[i] / nV;




|

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

Pyyp—

/1 Interpolate u-directional B-spline curve
CubicBsplineCurve* u_curve = new CubicBsplineCurve[nV]
for(int j = 0; j < nV; j++){

u_curvelj].SetKnot( m_UKnot );

u_curvelj].Interpolate( pFittingPoint[j], nU );

// 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];

u 98F B-spline curve A




[

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

/1 Interpolate u-directional B-spline curve
CubicBsplineCurve* u_curve = new CubicBsplineCurve[nV];
for(int j = 0; j < nV; j++){

u_curve[j].SetKnot( m_UKnot );

u_curvelj].Interpolate( pFittingPoint[j], nU );

/1 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];

u P20

u

2ok B-spline curve O] THAS

Fitting Point=2 O}04
v 848 B-spline Curve &




3.4. Generatlon of Bezier surfaces
by tensor product approach

“3 4 1 Tensor product approach
3.4.2 Tensor- product biquadratic Bezier surface

1 1
| 1 ]
5| i - a{Emp
] 101 | | ]
: )= - eileelstetetate
'__lq_ 1 [ ] 1L ||
Oool P s SENENOO0O0o0O0ooog O CFe] O =l 1 L
a Ci DDUIIiIDDDDDDDDDDDﬁEEﬁ@@ Or -
: LI000EEEEEEE0000000000 Tensor-product bicubic Bezier surface
1 1000000000000 0000000O000O000000Oo0no 100
| 1000000000000 000000000000000co0n; 10
| OO0O00O000000O0O0000O0O000000000O000000Oooo0O
L 100000000000 00000000O000000000000r
OO0O00000O00000O0O0000000000000O0OooOoonO
N000000000000000000000000000000
| o 1O000000C

||:|r'|r'||__| I.—”:..—..— r1r'| —.H.-II—..—.

A dvanced
S hip

D esign
A\ utomation
|- aboratory



. 3.4.1 Tensor product approach (1)

Directional curve .

- End moving curve

— Moving curve
- ‘makes a surface

Start moving curve




|

b ]

3.4.1 Tensor product approach (2)

4 I
= moving curveJ} &%t Xt5=9| Bezier curve
0]11, moving curve®|Bezier control points9]
HIEE UEHH= directional curve®s Bezier
curvel [, 02Tt WHOZ WAL= HJMS

“Tensor product Bezier surface” ¢til StCt.

directional Curve

VN e ~
[ moving Curve

[
I
I
I
I
I
I
I
I
I
I
I
I

o T T T T IS T T e S

|
I
I
I
I
I
I
/

* CAGD, Ch14.3, Tensor Product Approach



[ 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

W

= Given 3x3 Points b,

o b, (u) ,
b,(v) § ,, ™ Generate start/end moving

D =1 curves and directional curves
in quadratic Bezier form

Q!

b, b,(v) b, (u)= bozB(? (u)+ b12B12 (u)+ b22B22 ()
b0 bg(u) = booBo2 (u)+ b10B12 (u)+ bzoBz2 (u)

b,(v) = lf’ooBoz (v)+ b()1B12 (v)+ bosz2 (v)

Sl b (u) b,(v)=b,,B; (v)+b, B} (v)+b,,B; (V)
bZ() —_

b,(v)= bzoBg (v)+ b21B12 (v)+ b22322 (v)

( N

_bo(v)_ by, by by Bo2 (v)
b,(v)|= b, b, by, B12 (v)
_b2(v)_ b, b, bzz_ _Bz2 (V)_




[ 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

W

= Given 3x3 Points b,

b, (1) = Moving curve can be
b,, represented in the following
>t form:

b(u,v) <(b, (v)B2 (u) (b, ()8 (1) +b, ()B2 (1)

—[B:w) Blw) Biw)]

“#b,(v)

bOO“ i
u=0 b (u)
N b20v=0( j . ~
u=1 by, by by, || By (V)
— — | bw=[Bw Bw Bw|b, b, b, | B
b,(V)| |bg by bg || By(v) b, b, b, Bzz(v)
_ 2 2 2 - L i
b,(v) |=| b, by by || B (V) :ZZby_BiZ(u)Bf(v) Bezier surface
' b,(v)] by by by _B22 (V)| L j=0 i=0 control points




[ 3.4.2 Tensor-product bi-cubic Bezier surface (1)
i - Given: Control Points of bi-cubic Bezier Surface
| b Find: Points on bi-cubic Bezier Surface

W

= Given 4x4 Points b,

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

b, (u)= bo3Bg (u)+ b1sB13 (u)+ b23B§ (u)+ b33B33 (u)
bg(u)= booBg (u)+ bloBl3 (u)+ bzoBS (u)+ bzoB33 (u)

b,(v) = booBg (v)+ bolB13 (v)+ bong (v)+ b03Bs3 (v)
b,(v) = blOBg (v)+ b1lB13 (v)+ blsz3 (v)+ blsBs3 (v)

b,(v)= bzoBg (v)+ b21B13 (v)+ bzsz (v)+ b23B33 (v)
b,(v) =by,B;(v) +b; B (v) +b, B, (v) +b., B (v)

( _ — —
b,(v) 02 bosW BS(V)

b, b, b

b,(v) b, b, b, by|[B()
b, b, b
b, by, b

b,(v) n by BS(V)
_b3(V)_ 32 b33J_B;(V)_




[ 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

' b13 b23

= Given 4x4 Points b,

= Moving curve can be

b33 . .
v=l represented in the following
form:
by ) <o, ()8 0 L, (B () Lo, ()8 ) B, (OB )
_bo(V)_

b,(v)
-[Bw Bw Bw Bw).'
b,(v)
_b3(V)_
b, ] N
u=1 by by by by BS(V)
b, b, b, b.l|l B
— — by =[Bw) B B Bw@] 0 M 0 on (A
bo(v)| by by by, by || B(v) by, by by by B(v)
b,(v) b, b, b, by, BS(V) 33 —b30 by by b33— _B;(v)_
= 3 3
bz(v) bzo b21 b22 b23 B;(V) :Z bljBl (u)BJ(V)
=0 i=0
\_b3(V)_ _b30 b, by, b33_ _B;(V)_) N ! D
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0] M==2 £H bicubic B
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.Bezier Curve and B-spline Curve

B —
St Bezier Curve B-spline Curve
Bezier Control Point b, B-spline Control Point d.
Given | Parameter ¢ Parameter u
(I;Aake Bernstein Polynomial Func. B (¢) | B-spline Basis Func. N (u)
urve , :
Find Bezier Curve r(1) B-spline Curve r(u)
i r(t)=b,B)(t)+b,B/' () +......+b B (2). r(u)=d,N; (w)+d,N; (w)+d,N; (w)+--+d, N,  (u)

Basis Function

Bernstein Polynomial Function

n) .
B(1) :[ .jfl(l_f)nl,
i

B-spline Basis Function
(Cox-de boor Recursive Formula)

N () = == NI () 4 == N )

i+l

. n1 U in Y

(Blending) n L if0<i<n " 1

; [ G = =D N = 1 if u <u<u, an( -
0 else i \U) = 0 else L i \U) =
: de Casteljau Algorithm de Boor Algorithm

Constructive b (1) = (1— b + 0 () = et T g () BT i)

Approach Al Ot i Ui —Uiy - Uisntk — Uiy i
Interpo | Given | Points on Curve: p,, p,, ..., p, Points on Curve: p,, p,, ---, P,
lation | Find |Bezier Control Point b, B-spline Control Point d,




[ 3.3.2.1 B-spline surface interpolation 1}A (1)

. - Given: M &0| 9] H
- Find: Control Points of bicubic B-spline Surface

d, G
d,
N
u, =0.5 gj -
d,(v)
d,(v) d(v)
3
N d20 d4 (V)
ds,
dy .
d, d,(0)=d,,

1 1
u, =0 _
o u, =05

do(l) = do4

) =[N Nw) M) Niw) Nw)]d,w)

Given 3x3 fitting points

(1) interpolate start/end moving B-
spline curves with same u-knots, which
are swept along directional curves

dl (1) = d14 dz(l) = d24 d3(1) = d34 d4(1) = d44

_do (V)_
d,(v)

d,(v)
_d4(V)_

dl (0) = le dz (0) = dzo d3 (0) = d3o d4(0) = d4o




I3.3.2.1 B-spline surface interpolation 1} (2)
. - Given: M &0| 9] &
- Find: Control Points of bicubic B-spline Surface

m  Given 3x3 fitting points

= (1) interpolate start/end moving B-spline
curves with same u-knots, which are swept
along directional curves

m  (2)interpolate moving curves at v=v* with
same u-knots

(. N [, N (- N (- N (- N
d,(1)=d,, d,(1)=d, d,(1)=d,, d,()=d,, d,(1)=d,

do(%) =, d1 (%) =t dz (%) =t, d3 (%) =t d4(%) =t,

- 4,0)=d,) (4,0)=d,| |d,0)=d,) (a0 =d,) (d,0)=d,,

iy d,(v) d,(v) d,(v) d,(v) d,(v)

S
Il
(=)

SFEs L



[ 3.3.2.1 B-spline surface interpolation 1}A (3)
. - Given: M &0| 9] H
- Find: Control Points of bicubic B-spline Surface

= Given 3x3 fitting points

m (1) interpolate start/end moving B-spline
curves with same u-knots, which are swept
along directional curves

v=1 ®  (2) interpolate moving curves at v=v* with
same u-knots

®m  (3) generate directional B-spline curves with
same v-knots by interpolating the control
points of the moving B-spline curves

= The control points of the directional curves
are the control points of final bicubic B-spline
surface

d,(1)=d,, d,(1)=d, d,(1)=d,, d,(1)=d,, d,()=d,

u, =0 ’ us=1

u,0 U, = 0.5 Z{,

z h do(%) =t, d1 (%) =t dz (%) =t, d3 (%) =t d4(%) =t
vy =0 :v4 1!15 =1

\do(o) = d(p \dl(o) = d@ \(12(0) = d29 @3 (O) = d@ (14(0) = d@




\"!1 B-spline surface Ad|

r(u,v)= Zslzsldiij(u)N;(v)

j=0 i=0

: [ : d,.,-Nj<v>j-Nf<u>

5 [ 5 dy’Ni3(u)j'Nj3'(V)

J

(=3
=]

(=]

w
(=}

d
d
) =[N M@ N N@ Nw)d,
d
d

=}
Q-Q-NQ-Q-Q-

Ny ()]

N; ()
N, (v)
N; ()

RHOI




. Programming Guide (1)
W

(1) B-spline Surface 24

s

(2) u,v &8k knot 18

& AL0IO] HeldIE S0H knot HlAL
OkXI8} knot=E L5 Normalize &
HAas g

®
@
®

(3) u B8k B-spline =FMO| Control Point 718t

v

(4) uB 9| B-spline HMO9| Control pointE
AF2010] v 29| B-spline M E
M MO= Control Point A4A

Computer Aided Ship Design 2008 - PART I: Curve & Surface

P20

SDAL  *

vanced Ship Design Automation Lab.
http://asdal.snu.ac.kr



|

. Programming Guide (2)

W

Given : 3HE XlU= 329 & (MxN JH)
Find : Cubic B-spline Surface®] Control Points

(Q) 4x39] MOl FOHHEES M, u,v L knot =2} Control point IF=E?

(A)ueF:.4+3x2=10H
viarstk-3.,.3x2=9J}
Control Point JIZ=: 6 x5 =30 JH

(Q) MxNO] 0| FUHXE M, u,v W8F knot JH=2} Control point IHF=?

ADuHdF:-M+3x2=M+6J}
valek - N+3x2=N+9J}
Control Point J&= : (M+2) x (N+2) J{

SDAL *

Computer Aided Ship Design 2008 - PART I: Curve & Surface http Fasdal oot o L5



“Term PrOJect #2
B Splme Surface Interpolation

.I'_

I 1
| 1C (| .
1 |1 ) o o
3 BEOooooooor
O IBCIOO0O000O0000 LL
ooono (o o e e e
[ oo SO0 O0O0000000o0ognO aoono
O 1000000 0000000000O0O000000o0 oOono
1 1000000000000 0000000OoOoOoono [mimim|
| OO00O00000000O00000o0oooooOono oog
1L OO0O0O000000O00O0O00O0O00000000OogoO0O oono
C 100000000000 O0000000O0OO00Oo0o0O oOono
= OO000O00000O000O0O000O0O0000000o0anc ooo
] OOO0O00O00O0O0O0O0O0O0O00O00O00O0000O000O000O0O oono
10000000000 00O00000O00O00o0o0 oOoo
‘l"IFII.‘ILlrl"'__IF"IF""n_n‘IEIF'F"]DL"Gi: 1000C
D e —
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' Term Project 2. B-Spline Surface Interpolation

Y-k JHR

‘ U SH: g8 2 M3 IIL}._ B-Spline Surface& Interpolation BtC}.

Input Data
54

10.0 10.0 0.0
10.0 20.0 5.0
10.0 30.0 5.0
10.0 40.0 0.0

20.010.0 5.0
20.0 20.0 10.0
20.0 30.0 10.0
20.0 40.0 .5.0

A5 - BSplineSurfacedD
OF(Fy MEE) HEIN) EE22H) B-Spline Surace

1= E = %

ZH| MU

SDAL  *

Adva dShpD gA omation Lab.

'e & Surface htt // sdal.s



[Term Project 2. B-Spline Surface Interpolation

* - Input Data Format
[ —

Input Data
54 >

o
1

HiS XO| y, v WISk Jl %
10.0 10.0 0.0
10.0 20.0 5.0 \
10.0 30.0 5.0
10.0 40.0 0.0

> >

1o
1
1=
rr

39| 3XH IH (x, Y, 2)

20.010.0 5.0
20.0 20.0 10.0 Y,
20.0 30.0 10.0

20.0 40.0 5.0
SDA ™

Advanced Ship Design Automation Lab.
ht

Computer Aided Ship Design 2008 - PART I: Curve & Surface gt




. bicubic B-spline Surface Interpolation

Cox-de Boor Recurrence Formula

e N
U—u. ) u., —u .
N/'(u) = S NP () +—E— N (u)
Uiy — U U, —Uu;
1 if u. fu<u, D-1
NO u) = i—1 i n .
() {O else ’Z():Ni(u)_l
Q i= y,

dyy dy dy, dyy dy, NS (V)_
d, d, d, d; d, N13 (v)
r(u,v)= [Né(u) N13(”) N;(”) Nf(u) N:(”)] d,, d, d,, dy d, N;(V)
dy, dy dj, dy d, N; (v)

_d40 d, d, d; d, | _N: (V)_




ITerm Project 2. B-Spline Surface Interpolation

O S Al TR0 At s
[ ——

222im double CBSplineSurface::N{int n, int i, double u, int wuv) .
223 | { Class CBSplineSurface
224 Jf check inwvalid condition
225 if (m_nNumCfKnot_U < 1) return 8.8; .
226 if (m_nNumOfKnot_V < 1) return 9.8; FunCtlon N
237 if (m_nDegree < 2) return 8.8; P
228 e LHE u, v parameter(fl 2} B-
229 Jf initialize . . . o A
230|  double val = @.0; spline basis functionZ H| &t
2331
2323 FEEEEEET R ER LR RO ERS R E LB S B R L BB E L EEEE ER R B R B R B
233 // B-Spline basziz function =—E ZEAGIA 2.
234
235
236 T 4
237 I FEE T F LR LR R T r i AR P B F L F P LR EA Y
238
239 return wal;
240 3 Cox-de Boor Recurrence Formula
247:L
242 Vector CBSplineSurface::GetPoint(double u, double v) ( Uu—1u | U —u . )
243;| { (1) = il )+ —E— N (u
244 Jf return value Ni ( ) U —u Ni ( ) _ Ni+1 ( )
245 Vector vec(@.8, 9.8, 8.8); i+n—1 i—1 i+n i
245
247 S/ check inwalid condition .
248 if {m_nbDegree < 2) return vec; 0 1 lf Z’li—l Su< ui ol
: N (u)= n
249 if (m_nNumQFfCP_U < 1) return wvec; i - 0 1 ) Ni (T/l) :1
258 if (m_nNumCFCP_V < 1) return wvec; cisc -
551 \_ i=0 )
2523 R
253 [/ parameter u, vZ} THHEE I SH A2 HE Asi= 48 EdskAR
254
255 rf
256 | PR E RN E R EEEEFEEEEEEEE R TR RS R R EE RSN SN E RSP
257
258 return vec;
259 ¥
raaiL

Computer Aided Ship Design 2008 - PART I: Curve & Surface
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[Term Project 2. B-Spline Surface Interpolation
-l % A\| T2 ] XM JHe

=
- .

242m Vector CBSplineSurface::GetPoint(double u, double v) ClaSS CBSpl]neSurface

243 {

244 S/ return value : 1

25|  Vector vec(0.0, 0.0, 0.0); Function | GetPoint

247 // check invalid condition LHQ XO.III 0.“ [H I
248 if (m_nDegree < 2) return vec; o T — parameter u v

2449 if (m_nNumCFCP_U < 1) return vec; e | Al'gl M2 ?,6'.'— SkA
258 if (m_nNumOFCP_V < 1} return vec: _IE o ax= — OT
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ITerm Project 2. B-Spline Surface Interpolation
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383im bool CBSplineSurface::Interpolation(Vector** pPoint, int nMumOfPointU, int nMumdFPolntV)

se4i| £

385 Jf check inwvalid condition .

386 if (pPoint == NULL) return false; ClaSS CBSpllneSUFface

387 if {(nNumlfPointl < 1) return false;

368 if {(nNumOFPointV < 1) return false; Funct-ion Interpolation

389

318 S/ initialize o —
11| dnt i = 0; e M &0 =& HE U=
312 int §=.8; . . .

15 bicubic B-spline surface9]

314 double* pAvgkKnotlU = NULL: . —

315 int nNumOfAveKnoty = @; Control PO]ﬂt% ?‘6": Q#
317 double* pAwvgknotV = NULL;

318 int nMumOFAvEKnotY = NULL;:

319
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322 // bicubic B-Spline surface interpolation ==& ZMMEHA| L.

323

324 ff create curve {u direction or v direction)
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327 J// set knot using chord length
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338 S/ normalize knot

331

332

333 [/ set average knot

334

335

336 S/ set average knot to each curve

337

338

339 J// interpolation
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