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2.3 BJasis]-spline curves
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2.3 1 Definition of
B -spline curves
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2.3.1.1 Knot & spline curves
)\ —

« 9 JMEE ‘FEEA” AHESE HM: spline curve
« 9 SME F= IS : =E (knot)
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2.3.1.2 Definition of B-spline curves

W

Cubic Bezier Curve

b, b,

Given: by, by, b,, bs, ¢

Find: pomts on curve at parameter t

r(t) = de (t)+b B (t)+b B (t)+bgB (r)

0
‘‘‘‘‘‘‘‘‘
____________________________
,
.........
.,
.

.
.
.
----
.
.
.

Bernstein Polynomial Function

Cubic B-spline Curve

d, d,

Given: d,, d,, d,, d;, u

Find: pomts on curve at parameter t

r(u)=d Né(u).+d N3(u)+d N;(u}+d N3(u3

*, *
ooooooo
---------------------------
.........
et
----
wss®

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

Control Point& OlLI O F=J10I™ S Hl St JJAL 5
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[ 2.3.1.2 Definition of B-spline curves

%
- Bezier Curve of 4 degree .. Cubic B-spline Curve
:.. ‘,‘- ._." d4 ".:
d1 d2 5 .

b, b,

Given: d,, d,, d,, d;, d,, u

Find: points on curve at parameter ¢ Find: points on curve at parameter ¢

Given: by, b;, b,, bs, b,, ¢

Bezier CurveE AI2E B2 B-spline CurveE A2 AL
Control Point9] JHEJ SHUH A= HEOHK &2 T
=M 2JH01 A E

Curve9| XIx& =0HY

6

Advanced Ship Design Automation Lab.
http://asdal.snu.ac.kr
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[ Cubic Bezier Curve

. 2.3.1.2 Definition of B-spline curves | SV bwby b b !
r(t)= boBg(t)+blB13(t)+sz§(t)+b3B33(t)

m !X): CUbiC B-Spline curves Bernstein polynomial function

n) . .
B'(t)= ( 'Jt’ a-n"",
i

*Given: d;, u; ; { " io<i<a
(.J=nc,;= il(n—1i)!
! 0 else

Find: r(x) (Points on curve at parameter u)
r(u)= doNg () +d, N} () +d, Ny (u)+---+d, |Np ()

d, : de Boor points (control points), i=0,1, ..., D-1

N/ (u) : B-spline basis function of degree n(=3)

u, :knots,;j=0,1, ..., K-1

J
- A
N (1) = ——= N () + 22— N ()
Uiy — Uiy u,,—Uu
1 if u  <u<u, = n
Nl.o(u):{ 0 els: ’ ,;Ni (u)=1 7
N - J SDAL

Computer Aided Ship Design 2008 - PART I: Curve & Surface http Fasdal oot o L5
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2.3.1.3 Geometric meanings of cubic B-spline curve (1)
) —

® ‘Cubic’ B-spline curve consist of ‘cubic’ Bezier curves,
which are connected with the C? continuity condition




[

%

2.3.1.3 Geometric meanings of cubic B-spline curve (1)
) —

® ‘Cubic’ B-spline curve consist of ‘cubic’ Bezier curves,
which are connected with the C2 continuity condition ¥

CO continuity condition

________________________________

u, =0 u =1 U, =

Assign new global parameter u to jointed curve

_________________________________



1 1 B-spline C | Point d;
[ 2.3.1.3 Geometric meanings of Civen | pob e ~ontrot Foint &

*cubic B-spline curve (1) B-spline Basis Func. ;' ()

‘y Find | B-spline Curve r(u)

® ‘Cubic’ B-spline curve consist of ‘cubic’ Bezier curves,
which are connected with the C2 continuity condition ¥

C' continuity condition

________________________________

b) =b, ‘
AO:I A1:2 b’ —b! — A, 0 A, 1
| | | 3 0 2 1
. | ! A, + A A, +A
u, =0 u, =1 u, =3

Assign new global parameter u to jointed curve

P R
\————————————————————

________________________________



1 1 B-spline C | Point d;
[ 2.3.1.3 Geometric meanings of Civen | pob e ~ontrot Foint &

*cubic B-spline curve (1) B-spline Basis Func. ;' ()
) — Find | B-spline Curve r(x)

® ‘Cubic’ B-spline curve consist of ‘cubic’ Bezier curves,
which are connected with the C2 continuity condition ¥

d, € B-spline control points

A, +A, A, + A,

. A=l A =2 b =bl =B po Do
. . - ! A, +A, A, + A |
uo = O ul :1 ”2 :3 ! !
o plo B g Do g |
Assign new global parameter u to jointed curve : TUAGHA T AHA
b=, e,

________________________________



[ 2.3.1.3 Geometric meanings of

*cubic B-spline curve (2)
.

B-spline Control Point d;
Given | Parameter u
B-spline Basis Func. N/ (u)

Find | B-spline Curve r(u)

n: degree
S: # of Bezier curve segments
# of knot = (5-1) + 2(n+1)
# of control points
=4+ (5-1) = (n+1) + (S-1)

r(u)= doNg (u) + d1N13 (u)+ d2N23 (u) + (12»]\[33 (u) + d4Nj (u)

u—u,, Uiy —

N, in_l (u)+
U, U, — U

1+n

Nin(u):

u

itn—-1

NS @) N () ={10

if u, , <u<u 22
SN w)=1
i=0

else




| 2.3.1.3 Geometric meanings of B-spline Control Point d,

Given | Parameter u

* cubic B-spline curve (3) B-spline Basis Func. ;' ()

-' Find | B-spline Curve r(u)

d d,

-
-~ o
~
~

3: degree

5: # of Bezier curve segments
# of knot = (5-1) + 2(3+1)

# of control points

=4+ (5-1) = (3+1) + (5-1)

~
= -
-

d6
d7
| | l l l |
I T | i |
”—1 = I/l3 U4 us u6 1/[7 =
U, Ug
U U,
U, Uy,

r(u)=d, N, (u)+d,N; (u)+d,N;(u)+d,N; (u) +
d, N (u)+d N (u)+d N, (u)+d,N;(u)



. Example of B-spline Curve
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i 2 ?3.2.1 de Boor algorithm

] . Ejmele 0

] - 2.3.2.2 Relationship between de Boor algorithm &
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. 2.3.2.1 de Boor Algorithm (1)
| —

b

Il

ek
00

= Linear Interpolation HIZ0] t:(1-t)E LM%Y de Casteljau algorithmOf|
HIOIO| de Boor algorithmQl A= Linear Interpolation H|&0] tH8C}
= 0|= B-spline curve 8 FM0H= Bezier curve segment©| DHIH 4= ZHH 0]

MZ O2)| lZ0It



E 2.3.2.1 de Boor Algorithm (2)

W

1
d3 A3 d4 A4 AS d4

d2
d6
dl
d
0 U, Uy
@ I
k=1 ° i
® I
k=2 :

r(u)=d,N; (u)+d,N; (u)+d,N,(u)+---+d N>(u)



[ 2.3.2.1 de Boor Algorithm (3)

W

k=2 2

k=3 —e—

r(u)=d,N,(w)+d,N, () +d,N;(u)+--+d, N> (u)



[2.3.2.2. Relationship between de Boor algorithm &

! B-spline curves
S

® de Boor 211d|= : “Constructive Approach”

Input: d, (de Boor Points)
Processor: 2t Z d.8 »M =X1™ ‘linear interpolation’
Output : nX} SMAO| A
- ‘B-spline function’(Cox-de Boor recurrence formula)
YH=zZ HY &

r(u)=d,N;, (u)+d,N’ () +d, N, (u)+---+d N (u)

SDAL *

Advanced Ship Design Automation Lab.
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2.3.3 B-spline basis function

(Cox -de Boor recurrence formula)




B-spline Control Point d;

[ 2.3.3.1 Cox-de Boor Recurrence Formula Given | Parameter u

v (B-spline function) (1) B-spline Basis Func. N/ (u)
v Find | B-spline Curve r(u)
d2
d3
= (f: Cubic B-spline =M .,
! r(u)
x(u) | qa, | > 4
r(u) =| y() |= X d,N] () v .
i=0 u1 U,
| z(u)_ :

—d+d+d+d+d

= Cox-de Boor Recurrence Formula (B-spline function)

U—u;

N/ (u) = N7 () + N ()

irn-1 Uiy u, ., —u,

u

0 else

N () {1 if u, , Su<u,
i \U) =




[ 2.3.3.1 Cox-de Boor Recurrence Formula

* (B-spline function) (2)

W, d,

Given

B-spline Control Point d;
Parameter u
B-spline Basis Func. N/ (u)

Find

B-spline Curve r(u)

Nin_l (u) +

u

u,;

. —u B
= Ni’ill ()

o
T A EEE

0 g <u<uo

0 w<u<ip
r Su<ius

0 wu<uy
0 s =u<us
0 U <u<ug

else
d, | N(())
" No
Ei ........ NZ NIO 0 u()éu<ul
:61§N3 ]Vl ) Nl N2O
PV a2 2 :
§N3 Ny - 1 N; 1
N N
S f NS
N~y Na A
\ M v
6

Parameter u0ll L8} B-spline =M AO] MZ A0})| 0 M
2]9] B-spline basis function2 HIAH0HOF SHC}.




B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (2) B-spline Basis Func. N/ (u)
Vd 1 Find | B-spline Curve r(u)
1 2
NY () = =22 N )+ e N )
+n— U, U, ., —uU;
o 1 1f u, | = u <uwu,
I: N () = O clse
d |I lllllllllllllllllllllllllllllllllllll
: : = No 0 w1 <u<up
L, © i1l Né E E
S Slsiete “ No 1 NG 0w Su<ui
u us NO M _ :
iy v N2 Ny 0w <u<un:
Ni N =
From u, <u<u,, A2 N; 1 Ny 1w <u<us
2 N3 lllllllllllllllllllllllllllllllllllll
3 <
we canget N{(u)=0 3 N3 1 Ni 0 w<u<w
0 N3 5 Ni
. Ni 1 N o w=u<us
N, (u) =0



B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (2) B-spline Basis Func. N/ (u)

"dl d, Find | B-spline Curve r(u)

d, U1 <u<up
. u uo Su<u
E;o u <u<iup
N(u)=0, N°(u)=0 w <u<u

: 0(,)—
N(u)=0, Ni(u)=1 ws <u<uy

i ity ” - us <u<us

g u, —u, us Su<ug

u —u, u,
W)= 2 gl
U, —u, U,



B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (2) B-spline Basis Func. N/ (u)

"dl d, Find | B-spline Curve r(u)

d |
i E N(()) 0 L1_1§u<uo
— No
u: 1 M o0 w<u<u
x| M
120 Nl NZO 0 u1£u<u2
p
Ny()=0, N/(u)=0 N 1w Lu<u
|
N2(u)=0, Ny(u)=1 N3
<
| 1 1 I Nf‘) ’ u3_u<u4
Ny(u)=0, N/(u)=0, Ny(u)=1-u Ni N o wu<us
g <
Ns <
Us Su<us
Ng(u)_u u_, N%l)_i_ u, Ng 0 5
ul_ul Z/l2




B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (2) B-spline Basis Func. N/ (u)

"dl d, Find | B-spline Curve r(u)

N(()) 0 w1 <u<uo

N 0 w<u<u
N o wu<w
N 1 w=<u<us
Ny 0o w<u<w

NQ 0 s <u<us
NO O us <u<ug




B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (2) B-spline Basis Func. N;"(u)
Vd d Find | B-spline Curve r(u)
1 2
N () = = N ) R N ()
n—1 T U u,,, B —u,
o 1 1f u, | = u <uwu,
I{ NS = O clse
d :
i ! d, NY 0 wus<u<up
C . i Né feeeeesasss s E
S Slsiete “ No 1 N 0w Su<u:
E s N M
= 5 N? 1 N, 0w Su<up
Ni X N :
From u, <u<u,, 2 N; 1 N§’ 1w Su<us_
2 Ni : :
2 . < :
O(y)= 3 N3 NP 0 wSu<i:
we can get N (u)— 0 N 2 Nl T
. Ni 1 N o wsSu<us
Nz(”):() Ns N O us <u <
N (u)=1
N, (u) =0



[2.3.3.1 Cox-de Boor Recurrence Formula

B-spline Control Point d;

Given | Parameter u
¥ (B-spline function) (2) B-spline Basis Func. N/ (u)
v Find | B-spline Curve r(u)
dl d2
NI (u) = ——e NP () + e N (1)
U, 1 — U, U, , —u;
o 1 1f u, | = u <uwu,
I{ N () = O else
d :
i I d, 0 wa<u<up
1 © J N
301 u Ei . Ng : ....... 0 uo Su <u1
Uy Us NO .N g
o X A Nt EN 0 i Su<ip
1 : :
N'(u)=0, N;(u)=0 N2 P 1w <u<u
N()=1, N°(u)=0 N e
3 S 4 = ) :
N3 N3 -------- 0 u3 Su <u4
3 ) N.
U—1u U, —u Ni 0o Us=u<us
O A O N
U, —u U, —u 0 Us=u<ug
U—1u U, — U U, — U
Ni(u)= : Ng%)+ = NY(u) == =1-u
U, —u, U —u, Uy —u,
U—1u U, —u U—1u
ey (R
U, —u, U, — U, U, —u,




B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (2) B-spline Basis Func. N/ (u)

"dl d, Find | B-spline Curve r(u)

d |
; E NY 0 wus<u<up
SEsE No
E: u | Nlo 0 MOSU<MI
L M
120 Nl NZO 0 u1£u<u2
2
Nlo(u)=0, Né’(u)=0 ]\7? 1 quu<u3
N(u)=1, N°(u)=0 N3
<
| | 1 Ni 0 w<u<u
N(u)zO, Nz(u):l—u, Nz(u)zu N4 N() 0 u4<u<u5
L <
Ns <
)=l 6
uz_uo u3
u—u u
sz(u)— 1N;(u)+ 4 u :Zu(l—u)
U, —u, u,



B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (2) B-spline Basis Func. N/ (u)

"dl d, Find | B-spline Curve r(u)

d ‘.
0 ,: N(()) 0 w4 Su<1/l0
S No
E: u 1 NIO 0 l/l()éu<ul
u, M
u ¥ N oo wlu<uw
2
N{(u)=0, N;(u)=0 N 1 w=<u<us
Ny (u)=1, Nj(u)=0 Ns
0 wSu<uy
1 | 1 _ 1 1 ]\]1 Nf‘) ’
No(“)_oa Nl(u)—os Nz( )_1 u 4 NO o s <u<us
5 S
1
le(u)Z(l—u)Z, sz(u)=2u(l—u) Ns Ng 0 M5£u<u6
N () = =2 N7 () + === N} () === + === 2u(l—u) = 3u(l—u)



B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (2) B-spline Basis Func. N/ (u)

Find | B-spline Curve r(u)

N/ () = —2"H N )+ e T N ()
U, , 1 — U, +n Y,
AN ) {1 if v,  =u<u
: o O clse
:: d, N(()) 0 w1Su<uo
I:l 1; Jl 2 Né
o 0 Ni e N 0 wo<u<u
t Us 1
. b N N 0o w<u<uw
3 3 =0 A M3 N%
N3(u), N;(u) & SO H2 A N | M 1 wSu<u
2 N-
N (u)=(1-u) v N3 N13 N, 0 w<u<u
3 9 4
<
N (u)=3u(l—uy Ni N N o u4;u:u5
0 Us=UUs
N3 () =3u(1-u) No
3
Ns(”)

s cr(u)doN3<u>+d1Nf(t>+d2N§(t>+d3N§<t>

r(u)=(1-u)d, +3u(l—u)d, +3u’*(1-u)d, +u’d,
3Kt Bezier Curve ZMAII} S



[2.3.3.1 Cox-de Boor Recurrence Formula | given

% (B-spline function) (2)

B-spline Control Point d;
Parameter u
B-spline Basis Func. N/ (u)

Find

B-spline Curve r(u)

i—1

i—1 —

else

NPT ) S N o)

i+n

1t z2¢. =u < uwu,

A2 No

N ) M
3. M 1
Ni - N

=
A

\

N ; N
N

N ) .
N> / N Ni
N3 2 Néll

0 w1 <u<uo
0 uo=u<u
0 wm=u<u
wr <u<us

0 wu<uy
0 s =u<us
0 U <u<ug

TEREREREZ

0 U =u<uy




[2.3.3.1 Cox-de Boor Recurrence Formula | given

% (B-spline function) (2)

B-spline Control Point d;
Parameter u
B-spline Basis Func. N/ (u)

Find

B-spline Curve r(u)

i—1

i—1 —

else

NPT ) S N o)

i+n

1t z2¢. =u < uwu,

0 w1 <u<uo
0 uo=u<u
0 wm=u<u
wr <u<us

0 wu<uy
0 s =u<us
0 U <u<ug

TEREREREZ

0 U =u<uy




B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (3) B-spline Basis Func. N/ (u)

‘y Find | B-spline Curve r(u)

NPT ) i N (ue)

i—1 i+n

1t 2z, | = u < u,
else
N(()) 0 g <u<up
No
1 M o wlu<u
N
1 M o wu<w
N>
N 1w <u<us
1
N3
1 N oo wZu<u
Ny
| NY o us Su<us
N5 N O us <u <
1
N NY 0 uSu<u



B-spline Control Point d;
[2.3.3.1 Cox-de Boor Recurrence Formula | given | Parameter 4

¥ (B-spline function) (4) B-spline Basis Func. N/ (u)

‘y Find | B-spline Curve r(u)

d,

NPT ) i N (ue)

i—1 i+n

1t 2z, | = u < u,
else
Ng 0 a1 <u<uo
No
1 N 0 w<u<u
N
1 N o w<u<uw
N>
N 1 wZu<us
Ni
1 N 0o wZu<w
Ny
| N o wsSu<us
N NO 0 usSu<us
1
Ne 0 0 u<u<uy




[

b ]

2.3.3.2 B-spline curves (1)

r(u) = dy N2 (1) +d, N7 () + d, N2 (1) + d, N3 () +
d,N;(w)+d,N2(w)+d N (u)+d,N; (u)

r(u)=d,N; () +d, N} (u) +d,N; (u) +d, N, (u)
3
+ d4N/(u)+ dSN;’(u) + d6N/(u) + d7N%u) Ne

o 1

u—u;

N/ () =

_ u. — U _
N " (uw)+—2—— N/ '(w)
—u,_ U, , —u,

1+n z

u

i+n—1
1t 2w, | =u < uwu,

else

No
N, ;
N,
N, )
1 N2
N, 0
N;
N; ;
N,
N, .
1 AG
N. )
1 N6
N ;
1 N;
N; .
Ny
N N
1
N N



!2.3.3.2 B-spline curves (2)

r(u) = ONS () + d1]\713 (u)+ dzNg (u)+ d3N; (u) +
d,N; () +d N () +d N, (u) +d, N; (1)

d,

=

A A

A U189 i A,
[ 3

Ay

r(u)= dONj/(u) +d,N; (u) +d,N; (u) +d,N; (u)

3

+d,N? (u)+d5N/(u) +d6N/(u) +d7N%u) N

N;

Nin (u) = e S Nz‘n_l (u)+ Mivp — W Nz":l (u)
U, ,  — U, , U, , —Uu;

1t 2w, | = u < wue,

else

o 1

No

N, ;

N,

N, )

1 N2

N, 0

N;

Ns .

N,

N, .

1 N5

N. )

1 N6

N ;

1 N;

N; .

Ny

N N
1

N N



!2.3.3.2 B-spline curves (3)

r(u) = d, N2 () +d, NP ) +d, N3 (1) +dy N2 (u) +

d N3 @) +d N7 (@) +d NG @) +d, N7 () No Ni
N
| N3

— 0
; Z;)IAzAu3 A3 :4 A4 A ) ' N5
el \ Ne
3 3 N5 N6 0
r(u) =d,Nj(u) +d,Nf (u) +d,N; (u) +d,N; (u) 3 NZ ] N,
+d4Nj(u)+d5N§(u)+d6N/(u)+d7N%u) Ne N g NG
N; N
Ne 81 Ns
N/ (1) = ———2=0 NP7 () + = N () Ny N
U, , 1 — U, U, , —u; 10
o {1 it 2, | <wu <,
Ni () =
O else

0 u <u<u

-1 0
0 u0£u<u1
0 u15u<u2
0 u Su<u3

0 u <u <u,
<y <
1 u,>us<u,

0 u Su<z46
0 u Su<u

0 u <u<u

<u<
Ouguu9

0 <yu<
u9 u um



!2.3.3.2 B-spline curves (4)

NO
d,N; () +d;N:(w)+d N; () +d,N; () ! 0
0 0
d 3 N02 1 Nl
- Ny ) N, .
r Nl 1 N2
N,
N} Ny
& - §N
~_ 2 4 ~ ~
s s e Nee N§
:3(3 uy Uy us "o :Zté ~ st N T~ NQ
| N NI
r(u) =d0N/(u) +d1N,/(u) +d2N/(u) +d, N (u) . N2 _— | N
N
+d4Nj(u)+d5N§(u)+d6N§(u)+d7N%u) Ne N 7 NG
N; N
N? 81 Ns
NI =~ “ _”’; NI +%N:&l (20) No AO
i+n—1 ~ i1 i+n Y 10
o {1 it 2, | <wu <,
Ni () =
O else

0 y <u<u
-1 0
0 <y<
u,Su<u
<yu<
0 u Su<u,
0 u <u<u
2 3
0 u Su<u
3 4

<y<
0u4uu5

1 u.Su<u
5 6

0 u Su<u
6 7

<y<
0u7uu8

<yu<
Ouguu9

0 <yu<
u‘) u ulO



!2.3.3.2 B-spline curves (5)

r( ONS (W) +d, N} () +d, N3 (u) +d, N3 (u) +
d,N; @) +d NS W) +d N (u) +d, N, (u)

:’c"»
]
VM

= =z z =

:7"—1A2A A, A A, 4 As A Ag :“7 Nj ]\]1 / >
fiol U3 Uy Us Ug Zg 5
:zzl : Uy NSZ Ng
N N ;
r(u)= dONj/(u) + le//(”) + dzN/(u) + d4N1/(u) 3 ]\[62 | N,
N
+d4Nj(u)+d5N53(u) +dNg (1) +d, N7 (u) N N72 ! NE?
N; Ny 0
Ny | No
N () = ——= N () + e N () No N
Ujip — U, Ui — U, 10
o {1 it 2, | <wu <,
Ni () =
O clse

0 u Su<u
-1 0
0 <y<
u g Su<u
<yu<
0 u Su<u,
0 u <u<u
2 3
0 u Su<u
3 4

<y<
0u4uu5

O 5 6
I u <yu< u
6 u 7

<y<
0u7uu8

<u<
Ouguu9

0 <yu<
u9 u ulo



[2.3.3.3 Relationship between de Boor algorithm &
! B-spline curves
) —
m de Boor 21le]l& : “Constructive Approach”
Input: d. (de Boor Points)
Processor: 1ZtEZ d.8 ntH =XIA ‘linear interpolation’
Output : nXl ZFMAO| H
- ‘B-spline function’(Cox-de Boor recurrence formula)
YH=E 5H =

m B-spline FMAl: “B-spline function evaluation Approach”
Input: d, (de Boor Points)
Processor: 32 A10] M d @} B-spline function€ “blending” 00
S+ aS HIAM0IH [UY0| HE A8 = US

Output: B-spline functionill d 0] 2% St HWHZ HH

SDAL “
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.2.3.3.4 Programming B-spline Curve class

Cubic B-spline (I Al

b,

b,

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

1) B-spline Curve9| {1 A
* Degree
 Control Point

Menber Variables of B-spline Curve Class

int n: degree of B-spline Curve
Vector* m_ControlPoint: Control Point
int m_nControlPoint: the number of Control Point

2) B-spline Basis Function H|At

(Cox-de Boor Recurrence Formula)

N/ (u) = ——2 N7 () + 2 N ()
Uisnor — U U, U
0 1 if u,  Su<u,
Ni (u) =
0 else

3) B-spline Curve &%&

«ZAME Line SegmentE U0 A&

«Parameter ug u,.;,~U, JIXI NS 2010 2t u0il [HSt
=S4 9| S 1Y

0N H8t HSE M2 T HE

IIIIO

Ot} sME HH
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2.3.3.4 Sample code of Cubic B-spline Curve (1)

.
#ifndef __CubicBspline_h__
#define __CubicBspline_h__ Member Variables of B-spline Curve Class
#include "vector. h* int n: degree of B-spline Curve
Vector* m_ControlPoint: Control Point
class CubicBsplineCurve { int m_nControlPoint: the number of Control Point
public:

Vector* m_ControlPoint; int m_nControlPoint;
double* m_Knot; int m_nKnot;

int m_nDegree;

CubicBsplineCurve();

~CubicBsplineCurve();

void SetControlPoint(Vector* pControlPoint, int nControlPoint);

void SetKnot(double* pKnot, int nKnot);

Vector CalcPoint(double u);

double N(int d, int i, double u); /1 B-spline basis function
I
#endif




|
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2.3.3.4 Sample code of Cubic B-spline Curve (2)

[ —

CubicBsplineCurve::CubicBsplineCurve () {
m_ControlPoint = 0; m_Knot = 0;
m_nControlPoint = 0; m_nkKnot = 0; int m_nDegree =3;
3
CubicBsplineCurve::~CubicBsplineCurve () {
if(m_ControlPoint) delete[] m_ControlPoint;
if(m_Knot) delete[] m_Knot;
3
void CubicBsplineCurve::SetControlPoint(Vector* pControlPoint, int nControlPoint) {
m_ControlPoint = new Vector[nControlPoint];
for(int i=0; i < nControlPoint; i++) {

m_ControlPoint[i] = pControlPoint[i];

3
void CubicBsplineCurve::SetKnot(double* pKnot, int nKnot){

m_Knot = new double[nKnot];

for(int i=0; i < nKnot; i++) {
m_Knot[i] = pKnot[i];

}




.2.3.3.4 Sample code of Cubic B-spline Curve (3)

Vector CubicBsplineCurve::CalcPoint(double u)
{
Vector PointOnCurve(0,0,0);
if (t <m_Knot[0] || t > m_Knot[m_nKnot-1] ) {
return PointOnCurve;

}

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

PointOnCurve = PointOnCurve + m_ControlPoint[i] * N(m_nDegree, i, u);

}

return PointOnCurve;
) Get points on curve at parameter u

r(u) = doNg (u)—l— d1N13 (u)—l— d2N23 (”)"' d3N§ (u)
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2.3.3.4 Sample code of Cubic B-spline Curve (4)

// Find Span k
//Ui-1<=U<Ui 2> k=i

if(d==0){
// return O or 1;
} else {

double CubicBsplineCurve:: N(int d, int i, double u) {

B-spline Basis Function H|At
(Cox-de Boor Recurrence Formula)

U—1u. _ U, —u _
N/ (u)= SN () + N (u)
Uiy — U, U, —Uu;

0 1 if u, , Su<uy,
Ni (u) =
0 else

// return Cox de-Boor recurrence formula
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. 2.3.4.1 15* Derivatives of Cubic Bezier Curves at Junction point

u—u u—u.
r (7 [ = — L [O 1] —2+2]
I, (t) 1( ) U, —U, Ai = 201 ]H B ==(‘local parameter’)
: . N S dr(u() _dr(o) di_ 1 dr ()
| i | du dt du A dt
uo = O ul — 1 u2 = 4
A W o ne o N ( a () )
g A ug<u<u, HIAS 012 8t o 2w su<u, HAS0IE
_u—u, _u—uy  ¢=1[0,1] 22t S_Mmw _u—w o g=0,1] 7
u, —u, A, =5 00 H= U, —u, A, =5 0 &
dr (u) dr,u(®) dt 1 dr(0) dr (u) dr(t)dt 1 dr (o)
du dt  du A, dt du dt du A, di
\_ NG J
SDAL *“
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.2.3.4.2 C' continuity condition of composite curves
) — r(u) b,
A

b;

1

................
...........
.............
------
cea.
..
..

b,
bo | AO ] Al | b6
u, =0 u, =1 u, =4
ru=u)=ro(t=1)=1,(=0) 2 BOA C' ZHE D= 3}0t 5122
1 dr,(¢ 1
dr(u) = () = —3(b3—b2) (b3—b2):(bs—b3) =A, : A,
du uy=1 A, dt |_, A, D
1 1
_ 1 dn() — ~ .3(bs—by) bA LA
A dt |, A 373 P2 T Py

Ju

parameter uS Al2t0|ct) M216HH, 1X 0|2 A== =SH Y E KL B2 Sctl) d24& £ QUL
HZEE b0l A 1XH 012 H ==t HS0I2HS O BUHA S0 2501010k 8HCH= 210101 C
22 A2t 201 A  0IM A, 22 BHGHH 5, Al2F 2H20] HoHHA,

JAclE dldiohK Holt o HZEH U A S0 H=0[C0h!!!



!2.3.4.3 2nd Derivatives of Cubic Bezier Curves

al « J1 0 OIM 10EX| B OH

nA} Bezier=A1 2x} 1] &

d’r(u) B -2
G 1)Z(b+2 2b,., +b,)5;

32} Bezier=A1 2%} v| &

d;r(”) 33— 1)2(1)”2 2b.., +b,)B (1)
u

U= ]O]TW

dz"(l) =3(3-1)(b,—2b, +b))

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

D) w Ibu, OIA w, DX WS Y

d’r(ur) _ 1 d’r() (A=u —u)
du’> (A)2 dt> 1 0
u=u &

dzr(ul): 1 dzr(l): 1 3G3-1)b. —2b. +b))
du® (A)? dt* (A . S

SDAL ~ *
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2.3.4.4. CZ continuity condition of composite curves

W

| — — |
U, u A U
(D=4 bR 22 : () aaed, =——tb,+—=b, Z} &1
d’r(u, ) 1 dr,() 1 : 0 0
=2 — = 33-1)(b,—2b,+b,) : A A
du’ (A di® (A, G=1Xb, 2+ By) : b,=—b, +—2d,

: A
d’r(u,,) 1 d*r(0) 1 :
r,) A= Ay Y3 Db =2, by | @_org% d, —2p, —Lop s

@dzr(ul_) _dPr(u,) A,

v MU S =73 4 +le5
ﬁ(m —2b, +b1):ﬁ(b5 —2b, +b,)o]th : @é,(dz_ =d,, =d,)Q HO| &=H5tH C2 =2
©OEEENCEXY =Sib, + Bup )2 st : (7) (@2deIA cx2 )
A sk —ﬁbl Ab2 —Ab4 A b,
N L i raz‘Aig(b bAOd)zrﬁzlio(d bA]b y=2o
A, 1 A, 2 N 4 A, 5 \ 1>P2:62 2>045V5 Al)




