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2.3 BJasis]-spline curves

2.3.1 Definition of B-spline curves
2.3.2 de Boor algorithm

2.3.3 B-spline basis function
(Cox-de Boor recurrence formula)

2.3.4 C! and C? continuity condition
2.3.5 B-spline curve Interpolation
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2.3.1 Definition of
B-spline curves

2.3.1.1 Knots, spline curves
2.3.1.2 Definition of B-spline curves

2.3.1.3 Geometric meanings of cubic B-spline
curve
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2.3.1.1 Knot & spline curves

E-{.01,47.1}

& “‘BEEN” AAETI FM: spline curve
= & : =E(knot)

Seoul
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2.3.1.2 Definition of B-spline curves

Cubic Bezier Curve Cubic B-spline Curve
b, b, d, d,
b, b, dg d,
Given: by, by, by, bg, t Given: d,, d,, d,, d;, u
Find: pomts on curve at parameter t Find: pornts on curve at parameter u

rt)=b B3(t)+b B3(t)+b B3(t)+b B3(t) r(u) =d, N (u)+d N (u)+d N (u)+d N (u}

...............
-----------------------------------------------
--------------
---------------
.................
----------------
--------

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

kqn Automation Lab. 5I 73



2.3.1.2 Definition of B-spline curves

Bezier Curve of 4 degree ... Cubic B-spline Curve ..
b, £ d,
5 d, d, g ;

b, b,

bO dO
Given: b, by, b,, bg, by, t Given: d,, d,, d,, d;, d,, u
Find: points on curve at parameter t Find: points on curve at parameter u

Bezier CurveE A& &< B-spline Curve& AMSE 32
Control Point2] =t = UH Xt+= HEGHA 22 MM
Curvel Xt+=& s0HY 2K 201 M E
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2.3.1.2 Definition of B-spline curves

MEx): Cubic B-spline curves

Given: d;, u

Find: r(u) (Points on curve at parameter u)

j

Cubic Bezier Curve

Given: by, by, b,, bs, t
Find
I’(t) = boBg (t) + ble(t) + szs (t) + b3B§ (t)

Bernstein polynomial function

B'(t) = (TJt 1-0"

n! . .

(r_l]:nci —{—i!(n—i)! ifo<i<n
' 0

else

r(u) =dyNg (u) +d;N; (u) +d,N; (u) +---+dp ,Np , (u)

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

s

9 Fall, Computer Aided Ship De|
o =Rl [

N-n

Nio(u) :{

(u)

1

Y
U—u, u.  —u
= Nin_l(u) + Nirl-_ll(u)
i+n-1 ~ Yi-1 i+n Y
] D-1
if u_, <u<u, N"(
| | SN (u) =1
0O else Z '

4 ENSDAL .
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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

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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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 conditionl

CO continuity condition

___________________________________________

|
U, =0 u =1 u, =3
Assign new global parameter u to jointed curve
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2.3.1.3 Geometric meanings of B-spline Control Point d,

Given | Parameter u

cubic B-spline curve (1) B-spline Basis Func.N;" (u)

Find | B-spline Curve r(u)

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

C' continuity condition

___________________________________________

| b3 =bj
A= A =2 b =b=— 21 poy Do p
! ! | Ay + A Ay + A,

I
u, =0 u, =1 u, =3

Assign new global parameter u to jointed curve




2.3.1.3 Geometric meanings of B-spline Control Point d,

Given | Parameter u

cubic B-spline curve (1) B-spline Basis Func.N;" (u)
Find | B-spline Curve r(u)

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

d2 < B-spline control points

A=l A =2 C p0—bi——A poBo pr
| . . ! Ay +A Ay +A :
U, =0 u, =1 u, =3 :
' 0 A]_ AO :

. . . ! b; ={ 1, +{ 1d, i
Assign new global parameter u to jointed curve : Ay +4y Ag+ A4, |
' A A |

bl = {1 . :

. {AO +A1}d2 {AO +Al}d3 |

11/73
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2.3.1.3 Geometric meanings of B-spline Control Point d,

Given | Parameter u

cubic B-spline curve (2) B-spline Basis Func.N;" (u)

Find | B-spline Curve r(u)

M n: degree

d2 M S: number of Bezier curve
segments

number of knot = (S-1) +
2(n+1)

number of control points
=4 + (S-1) = (n+1) + (S-1)

u
U Us
Hl € Start/end knot multiplicity : degree + 1 2 He

2 7

3 3 3 3 3
r(u) =d,Ngy(u)+d,N; (u) +d,N; (u) +d;N;(u) +d,N; (u)
u-u, u. —u 1 ifu,<u<u 22

N"(u) = N (U)+——— N U) NO(u) = =L " STNM(u) =1

& i+n—1 — Yi & Ui, —U; 1( ) I( ) 0 else ; '( )

12/73
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B-spline Control Point d,
Parameter u
B-spline Basis Func.N;" (u)

B-spline Curve r(u)

2.3.1.3 Geometric meanings of |

- . Given
cubic B-spline curve (3)

Find
d, d, .
e M
M
\@

3: degree

5: number of Bezier curve

segments

number of knot = (5-1) +

2(3+1)

number of control points
=4 + (5-1) = (3+1) +

(5-1)

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

d,N;(u)+d.,NZ(Uu)+d,NZ(u)+d,N

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves

7 (U)

13/73



Example of B-spline Curve
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2.3.2 de Boor algorithm

2.3.2.1 de Boor algorithm

2.3.2.2 Relationship between de Boor algorithm
& B-spline curves
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2.3.2.1 de Boor Algorithm (1)

=~
I
=

L N J

= Linear Interpolation H&O0] t:(1-t)& |AMH de Casteljau algorithm(f|
HIOI0] de Boor algorithmOllA{= Linear Interpolation H|&0] Y1 8C}

= (|= B-spline curve & F1A0L= Bezier curve segment@] i8S 2+20]
MZ O2)] oIt

20009 Fall, Compu,tgr Aided Ship Design - Part2. Hull Form Modeling- Chap2. Curves
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2.3.2.1 de Boor Algorithm (2)

1
d3 AS d4 A4 As d4

=~
I
=

L N J

;\_
I
N
0
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2.3.2.1 de Boor Algorithm (3)

k=1 "~ e —
—e—

;\_
I
N
0

k=3 —e——|
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2.3.2.2. Relationship between de Boor algorithm &
B-spline curves

M de Boor 211 2|F : “"Constructive Approach”

Input: d, (de Boor Points)
Processor: 7t 2 d.& ntH &X}H ‘linear interpolation’
Output : nx} 3 MAto| H
- ‘B-spline function’(Cox-de Boor recurrence formula)
Hefz 59 E
r(u) =d,NJu)+d,N;’(u)+d,N;u)+---+d N3 ()

2009 Fall, Compu,tgr Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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2.3.3 B-spline curve
Interpolation

2.3.3.1 Determine number of curve segments & Knots values
2.3.3.2 Problem definition of B-spline curve interpolation

2.3.3.3 Determine Bezier end control points by end tangent
vectors

2.3.3.4 Determine Bezier control points by C! continuity
condition

2.3.3.5 Determine B-spline control points by C? continuity
condition

2.3.3.6 Tridiagonal matrix sj|tH& 0| 2%} B-spline =M =™ AH
2.3.3.7 Bessel end condition

2.3.3.8 Sample code of cubic B-spline curve interpolation

e .:: , Seoul S DAL
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Example of B-spline Interpolation
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2.3.3.1 Determine number of Bezier curve segment & Knot
value (1)

. oy . . Given:
M Given: fitting points P, and corresponding parameter t. T
where, i=01..,m and t,=0, t, =1 | FEa&Eime.
Find:

M First, determine number of Bezier curve segment and | (. oz x7s ni=g=
s 3Xl B-spline M r(u)
its knots (B-spline Z&#: d)

= 3: degree
u 2: number of Bezier curve
segments

= number of control points
o . =4+ (2-1)=5
2009 Fall, Compu,tgr Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves ’

Tobmyse”

. - 5 g B o A i - | eihe Seoul DA
o e > o RSt o T e\ = National §, edLh' i ion Lab. 22/73
e - = Sl HN £7 s e : - . vanced Ship Deskqn Automation Lab.
" = gy A== - Univ. http://asdal.snu.ac.kr




2.3.3.1 Determine number of Bezier curve segment & Knot

value (2)

M Given: fitting points P, and corresponding parameter t.
where, i=01..m and L=0 t,=1

M First, determine number of Bezier curve segment and i

Given:
=M MO| & Pt
[UIY EE y,
QHTCIO| FA HIE 1, ¢,

Find:

=4 &9 & p,& XLkl
C2 8L XU EDl=
3Xl B-spline M r(u)
(B-spline ZAH: d))

D t,=1.0
0 = 3: degree
to =0 = 3: number of Bezier curve
segments
= number of control points
=4+ (3-1)=6

L] How do we determine Knots?
(= start / end points of each

cubic Bezier curve)
2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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2.3.3.1 Determine number of Bezier curve segment & Knot
value (3)

M Given: fitting points P, and corresponding parameter t.
where, i=01...m and t,=0, t =1

M ® determine number of Bezier curve segment to be (number of
fitting point -1)

M @ We can determine knots to be the same as the parameters t.

M @ How about the B-spline control points ?

t, =05 t,=0.7

t, =03
= 3:degree t =1.0
PO = 5: number of Bezier curve >
segments
t0 =0 = number of control points
| | , =4+ (5-1)=8, | |
| . | | | '
u, =0 u,=0.3 u, =05 u, =0.7 u, =0.85 u; =1
; i
9
U; Uy

24/73
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2.3.3.2 Problem definition of cubic B-spline curve interpolation

d, d, Given:
Cremmm e e o, =M 89 dp,
/// \\\\\ TMO| &=E
7T e . S ; QtaCio| HA WIE] ¢, ¢,
// .-'.' .......... = ~ °
//// .0'. p 2 p3 to . \\\. 5 F]nd:

d. TN 40| & p& XL
2 O C2 % XU BF0K=
P P, LY 3XI B-spline M r(u)

;] @ % 8 q
S “ B-spline Z3#: d,
// v pl N (B-sp 2384 )
I
/// o d 6
; A
dl 6: !

E .:

\\é p i d7

A A A A A AU
uA A, A A A, AU

AU U Ug : Us ° Ug ° au8

A Ui A U,

Us M 3: degree
M  5: number of Bezier curve
segments
M number of knot = (5-1) +
18 : Z qM NIJMEE 3K Bezier Curve 0ILCt 2(3+1)
ddd0ME ¢, ¢z AKxAHE UFBIL M number of control points
=4 + (5-1) = (3+1) + (5-1) | 2573

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves




o

(B-spline

Find:

TN 40| & p& XL

& XUHE MHKOI=

3X} B-spline M r(u)

EHH: d)

2.3.3.3 Determine Bezier end Given:
C [U YO A,
control points by end tangent vector{ zuoz=y
oHEEIO| FA 1
d, d,
@ —————————————————— e _
/// ................................... ° \\\\

/
s - A
//f". t, = 30, = bo) , b, =b, + _Zto
: 3(b b,,) A E
o= do=P i ‘
AU A, A A, A A, A A, A A, A u
Aho Us Uy Hs Ug A Ug
Au A u9
Aui A U

O : Given or Known values

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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2.3.3.4 Determine Bezier control Given: Find:

points by C! continuity condition

M Mo F p, M Ao Fp& XL
ﬂk]gl EE | 2 A = —
QHETIO| HM WE| 1, 1, Srag el

3X} B-spline M r(u)
(B-spline ZAA: d)

A3 A A4 A A5 A AG A u,
Uy Us Ug A Ug
(by;—b,):(b,—b;) =A,:A, A Yo
(bs—bg):(b; —bs) = A;:A, A Uy

(bg—bg): (b, —by) = A, 1A,

(b, —by;) (b3 —by,) = Ag:A

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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2.3.3.5 Determine B-spline control
points by C? continuity condition (1)

Find:

JM &9 & p& XLl
C2 oL XHE UEOl=
3X} B-spline M r(u)
(B-spline ZAA: d)

Au—l A2 A Ag 1_\3"A‘L\4‘;L\5 i L\3+uA4—i—i5 A5 A AG A u
A Uo u, bloM}d‘t +{—4U5_}d5 Ug A Us
A+ A+ A A, + A+ A u
Aul 4 5 6 4 5 6 A 9
AU b :{L}d +{&}d A ‘v
11 4 5
A, + A+ A A, + A+ A
A A
b13:{ - }ds +{ i }ds
Ag + A Ag + A
b, =d,

d

b = =
2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeilllsig- cﬁapz_péurves

28/73



2.3.3.5 Determine B-spline control
points by C? continuity condition (2)

Ci, C2 =& 0|33510{ P,0f] ZEl A] R

Find:

JM &9 A p& XLl
C2Hf XHE UEHOl=
3X} B-spline M r(u)

(B-spline ZAA: d)

A, + A,

M, +{

A2+A3+A4}d3

A,

Jds +1

A3+A4+A5}d4

Ay +A,

}d3 +1{

A3+A4+A5}d4

CilE

P =b,=——23 p B2y
A, +A, A, +A,

P, =b = X 5 A b,
A, +A, A, +A

P3:b9: AS 8 A4 blO
A, +Ag A, +A

P b12: A b11+ AS b13
Ag+ A A+ A

C2E

b, =d

b,=d
A

b, = 3

2 {A2+A}d {A A}dz
A, A

b _ 2

) {A +A, +A ¥, {A2+A3+A4}d3

A4
}d4 {A4 + A, + A,

A, + Ag

3

}d4 +1{

A4+A5+A6}d5

AS
o +A6}d6

2009 Fall, Computer Alded Shlp Design — Part2. Hull Form Modeling- Chap2. Curves
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2.3.3.5 Determine B-spline control | Given: Find:
. . . oge S 9 A p, [ 9 & p,& XLl
points by C? continuity condition (3) | zxojx= y C: Ol E7E BEDH=
LY L MEH ", 4, 3X} B-spline M r(u)
1 2 (B-spline Z8A: d)
= A A, +A,+A)I(A, +A)d
] (A2+A3)(A2+A3+A4)[( 3) (A + A, +A,) (A, +A;)d,
F{ALAL(A, + Ay +A) + AL (A, +AL) (A, +A)MH(A, +A)d, +(A,)%d,]
=, d, + £d, +yd, fa- ] (oY N
1 I (AI +Ai+1 +Ai+2)(Ai+l + Ai+2)
P, = [(A )2d +{A (A +A )+  _ Ao (A +AL) Ay (Aip +45) _ _
2 (831 A ) (A5 +4, +4) v o 3 & {(Ai+Ai+1+Ai+2) (Ai+1+Ai+z+Ai+3)}/(AI+1+AH2)
Ay(A, + A, +(A5)°d,]=a.d, + B,d, +7,d, y. = (Ais)°
I (Ai+1 + Ai+2 + Ai+3)(Ai+1 + Ai-¢-2)
. N J
P, = A)Pdy +{A (A + A (A, + A + A
8 (A4+A5)(A3+A4+A5)[( 5) s +{As (A5 +A,)(A, + A5 +A) P s
) oM A 0l OF Ol= A
+ A, (A5 +Ag) (A + A, +A)H(A, + Ay + Ag)d, +(A,) (A3 +A, +4As) ~ N
/(A4+A5+A6)d5]:a3d3+ﬂ3d4+?/3d5 / p / 1 0 0 O O 0 0 \d \
o I R 0 0 01,
1 2 t, A, A d,
4= [(Ae) d, + 2 2
(A5 +A6)(A, +Ag +A) P, O o B 97 0 O 0 0 d,
{A6(As +A5) + AsAg (A + Ag +Ag) }dg P, 0 0 a, B, v, O 0 0 d,
+(A5)2(A4+A5+A6)d6]:a4d4+ﬂ4d5+74d6 Ps | 0 0 0 a, B, y; O 0 d,
P, 0 0 0 0 a B, 7. 0 |/d,
t, 0 0 0 0 0 0 == 3|d
p AG AG d
L > o 0 O O O o o0 1 !

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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A
oA
oA
a

2.3.3.6 Tridiagonal matrix sjjtH = 0|2 ¢t B-spline =

23(1)
) 1 0 0 0 0 0 0 0],
I e R o 0 o0/
t, A, A, d1
D, 0 & B 7 0 0 0 0]d,
P2 | 0 0 a B 7 0 0 0]d,
P, 0 0 0 a, B 73 0 0 d,
D, 0 0 0 0 e B 7 0]d,
t, 0o 0 0 0 o o == 3 dg
p AG AG d
5 o 0 0O 0O O o o 1|7
=D =A =X
=™ A HAKE 4 Q= A 010} Of= =

D=AX
X=A"D

84| ®E AJ} Tri-diagonal matrix0|2 & ZHHOIH| A& HIME = AS

31/73
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2.3.3.6 Tridiagonal matrix SjtH= 0| &
278(2)

St B-spline =M E’E‘,"é‘.‘(di)

2t S0 1 $/0kH, 2/ 428 00] 0Fd @401, LIHX]
AMSO 00] O &t =» Tri + Diagonal

o1 #d

Tridiagonal matri)1I
dE2odt

Sl dE& ST 39 &

b, ¢, O IR d,
a b ¢ O X, d,
0O a, b, ¢, O X, d,
O an—l bn—l Cn 1 Xn—l dn—l
0 a, b, ||X | | d,

X = d

A
At dELTAUT O, X 8171

® AR L3U o Zo=
@ Ly =dEoEsi= Y 78|

Ux =yEaEsls x B F8IH, 2 AX=d EoEsEX B Rste Ay

2009 Fall, Compu terAded Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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2.3.3.6 Tridiagonal matrix 342 0| &%t B-spline M = H( )
=E[E) |

10

™
I

®

b, ¢ O B, 0 12 »n O |
a b ¢ O a, B O 01 y, O
0 a, b, ¢c, O 0 o, B, O 0O 1 y, O
O anfl bnfl Cnfl 0 an—l ﬂn 1 O O 1 yn
B a‘n n | L 0 a, an_ L 0 I _
W2 ¥
v Y Ax =d
bo = Py ‘/Co f,‘/ﬂo‘g//l o =84, 1=1---,n P
J———— ®A=10
‘él :‘/0[1 ‘/b1 :‘6(1‘?//1 _|_'Bl/cl f‘vﬁﬁ/z Vi = & i=0.---n—1
a, =a, b, =a,y, + 5, C, = o1 % LUXZd ........
ﬁ|+1 = b|+l —iYia g
i=0---.n-1 l@())?:'y
a‘n—1 =0, bn—1 =Cn_1)na +ﬂn—1 Ch1= ﬂ”—lyn ! | 8
with g3, =h, @ly =4
a, =aq, b=y, +6, {1 | Gl
33/73
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2.3.3.6 Tridiagonal matrix sj|tHE 0| &%t B-spline =M E’é‘!.":‘l(d)
A™@) |

oly =4

_IBO 0 yo dO
@ A0 Y, d,
0 o B O Y2 d,
0 1 'Bﬂ—l 0 Yna dn—l
. 0 o B [V d, |
L y —
By, =1 A=t
'quo i do | G oA
a Y, + By, =14, Forward y, =— i
substitution yér

a,y, + By, =d,

an—lyn—z + n—1yn—1 - dn—l \/ ﬂo ®1_>'/ :6
%Yo+ B =0,
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2.3.3.6 Tridiagonal matrix sjjtH S 0| 8¢t B-spline =4

A% (5)
~
v l
®UX =Yy
1 7n O 11 Xo ] i Yo ]
0 1 » O X Y1
0 1 y» O X, Y,
O 1 7n Xn—l yn—l
i 0 1| X% | B
U X =Y
Xo 7% = Yo /\
X +7X =Y
X, —
X2t 7/2‘,3 % Backward
S substitution
Y, Vs ? I
Xnil + 7/n—1Xn = yn—l
*
Xn - yn o

Xi=VYi—VinXia

i=n-1,---

with X, =y

n

Ax =1
®A=10
LUx=d
oty
ely =t
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2.3.3.7 Bessel End Condition (1)

M B-spline curve interpolationOjjA] YZH|A{Q HMHE t, t,0] FOX|X| LAS O,
(1) 42| 2| AEKE M B2 R E 2%} S4d(quadratic curve)E ‘4/g5t1,
(2) ‘48 E 2X} S42| & EH-HMA L] 1X} 0|2 S Fel7F d/dstnxt o=
B-spline curvel| & 2 0|AM2| HM HEZ 71°d5l= Y™

d,

d,

A A, L’ (A% A 4, A Ag
u, 3 Uy Usg Ug
Aul A U7
u
A

: Uo. : 8 36/73
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2.3.3.7 Bessel End Condition(2)

ﬂo A, U, A, Y, Uk 5 Axs Uka Ag , uij
u2 uK—l
20, + A, (A, +A,) A, : —( Ag_s o —Bisthid)
ts=(—A ot = P) i A (Ar AL " AL A, ™
Z(AZ +A3) A2A3 A3(A2 +A3) = K= K= K4 K=K
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2.3.3.8 Sample code of Cubic B-spline Curve (1)

numberifndef __CubicBspline_h__
numberdefine __CubicBspline_h__

numberinclude "vector.h

class CubicBsplineCurve {

public:
Vector* m_ControlPoint; int m_nControlPoint;
double* m_Knot; int m_nKnot; int m_nDegree;

void SetControlPoint(Vector* pControlPoint, int nControlPoint);

void SetKnot(double* pKnot, int nKnot);

Vector CalcPoint(double u);

double N(int d, int i, double u);

void Interpolate(Vector *pFittingPoint, int nFittingPoint);

void Parameterization(int nType, Vector* FittingPoint, int nPoint, double* t);
5

numberendif

38/73
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2.3.3.8 Sample code of Cubic B-spline Curve (2)

Set knot using chord length

void CubicBsplineCurve::Interpolate(Vector *pkittingPoint, in
{
// Generate Knot

if(m_Knot) delete[] m_Knot;

m_nKnot = (m_nFittingPoint - 2) + 2*(3+1)

m_Knot = new double [m_nKnot];

// Use Chord length or Centripetal method

------

// Generate Matrix : (L+1) * (L+1)
int L = m_nFittingPoint + 1; /1 (L+1)*(L+1) size Mat

// Fill rhs
Vector* rhs = new Vector[L+1];
for(i = 1; i <= L-1; i++) rhs[i] = pFittingPoint[i-1];

// Bessel End condition
rhs[0] = rhs[1]; rhs[L] = rhs[L-1];
rhs[1] = StartTangentByBesselEndCondition; rhs[L-1] = EndTangentByBesselEndCondition;

39/73
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2.3.3.8 Sample code of Cubic B-spline Curve (2)

__ Bessel End Condition
: o i Dis St mEerimDd 2A, + A,
void CubicBsplineCurve::Interpolate(Vector *pFittingPoint, int nFittingPoint) ts - Po
{ A, (A, +A
// Generate Knot 2( 2 3)
if(m_Knot) delete[] m_Knot; (AZ + A3)
m_nKnot = (m_nFittingPoint - 2) + 2*(3+1); +—0P
m_Knot = new double [m_nKnot]; A2A3
/1 Use Chord length or Centripetal method
...... B A, 0
2
[Jewmeemememeemeemeemenmemeemeemeemenmeee As(A, +A4y)
/! Generate Matrix : (L+1) * (L+1)
int L = m_nFittingPoint + 1; /1 (L+1)*(L+1) size Matrix
t _ AK—4
/7 Fill rhs e T A (A A Pm-2
Vector* rhs = new Vector[L+1]; K_5( k-5 T K_4)
for(i = 1; i <= L-1; i++) rhs[i] = pFittingPoint[i-1];
_ (AK—S +AK—4)
// Bessel End condition A A m-1
rhs[0] = rhs[1]; rhs[L] = rhs[L-1]; K-57K-4
rhs[1] = StartTangentByBesselEndCondition; rhs[L-1] = EndTangent .yBe (ZAK £t AK 5)
m
(AK—S + AK—4)AK—4
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2.3.3.8 Sample code of Cubic B-spline Curve (3)

double* alpha = new double[L+1];
double* beta = new double[L+1];
double* gamma = new double[L+1];
double* up = new double[L+1];
double* low = new double[L+1];
if(m_ControlPoint) delete[] m_ControlPoint;
m_nControlPoint = L+1;
m_ControlPoint = new Vector[m_nControlPoint];
/! Fill alpha, beta, gamma
77Solve LU system LU 2oH8 S 0|=
|_u_system(alpha, beta, gamma, L, up, low);
solve_system(up, low, gamma, L, rhs, m_ControlPoint);

o &S

02t

==
=

ol
o
x
pa

delete[] rhs; delete[] alpha; delete[] beta; delete[] gamma; delete[] up; delete[] low;
3

41/73
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ineering

2.3.4 C' and C? continuity
condition

2.3.4.1 1st Derivatives of Cubic Bezier Curves
at Junction point

2.3.4.2 C! continuity condition of composite
curves

2.3.4.3 2nd Derivatives of Cubic Bezier Curves

2.3.4.4 C2 continuity condition of composite
curves
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2.3.4.1 1t Derivatives of Cubic Bezier Curves at Junction point

u—u. u—-u

t = i Lt [0,1] 2kl
, . U., — U A, L 0|7 ==(‘local parameter’
PN A, S dr(u@) _dr@ dt _ 1 dr)
| i i du dt du A dt
u, =0 u, =1 u, =4
dr (u) N [ w (U) D
T-‘-’-I Uo < u <u, OflAMe] 0| gk 9| u, <u<u, oflAaS OIR &k
==l _U-Uo  t=[0,1] FRie) o Utu Uty 4= [0.1] Tl
u, —u, A, =& 07l H= u,—-u, A =& 071 H=
dr (U) dry(ut) dt 1 dr,(t) dr (u) dr(t) dt 1 dr()
du dt du A, dt du dt du A, dt
\_ /NG /

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves

= ;.. _-H»“ Seoul
ot : @% N t nal Ad cedShpD kan utomation Lab. 43/73
http. // sdal.sn



2.3.4.2 C! continuity condition of composite curves

r(u) =
A

1

...............................
...........
cea.
LT
cey
*e

| AO ] Al | b6
u, =0 u =1 u,=4
r(u=uy)=ry(t=1)=ry(t =0) HZ O C! =S 9= 5ljo} 5{=22
LLC)) IO R S VT (bs—b2): (be—bs) =A, : A,
du 0 =1 AO dt -1 AO ‘
1 dr(t) 1
= = — -3(bs—ha) b A1, L B0y

A, dt |, A 3TN 2T A A

parameter ufli AIZFO|2}31 MZt51E1, 17} DI Al JMAE XILH= Fo| et Wzheh = Ur
SIZAA b OllA 1% DHE AI57} H&0[212 O R0l =7} H&0]0{0f SChH= 2|ojo|ct
J2{== AJZHZI40] A, OIM A, O HsIH F, AlZt ZH2{o] HstH,
ror? 1E1% HIEI S04, #5100} AEEOIM S5} H50|C}!! 44/73



2.3.4.3 2" Derivatives of Cubic Bezier Curves

alu Jt 0 Ol A 1iX] HE TH

nx} Bezier=A 2x} 1] &

ddL(U) - ( _1)Z(b|+2 2b|+1+b )Bn i

3%} Bezier=rA 2z} v &

d ) -33- 1)Z(b.+2 20, +b,)B(u)

u=1< oj

d2:(21) —3(3-1)(b, —2b, +b,)

2009 Fall, Co»mpu,tgr Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves

" B)u It u, OIAM u, DEXI 1S O

d?r(u() 1 d?r(t) L
du2 o (A)Z dt2 (A_ul uo)

u=u, 4

dzr(ul)z 1 dzr(l): 1 3B8-1(b; —2b, +b,)
du®  (4)° dt®  (a)° S
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2.3.4.4. C? continuity condition of composite curves

(paad ol ez : (H)=asd, =—Sip + 2p, e
: - A A
d’r(u,) 1 d,@ 1 : v L
- = E 33-1)(b,—2b, +b,) i A A
WA (agy SO D(0s 20, ) ; b, =—2b, +—"d,_
d?r(u,) 1 dry(0) 1 A A
2/ 3(3-1)(b,—2b, +b odq - 5
@ a? Ay dr @y e ) @T% =d,, = Klb4 _Z:bs 2} she
d?r(u.)  d’r(U,) L1erer =1 o A, Ay
) . Sow b, =-td, +—Lb
du? T : ’ 2N
(a0 =22 +D)= by -2, +b)ol ek (OF(d: =d:. =d;) ol 2ol Exkstel c* Zzi
0 0
2el3 CEAb, = 2b, +2b)& s () [@dAeIciad )
- A
el sha : A Ay S Ap oy,
A A A, A ; Bo = Ao Ay Ay
:>——1b1+A—b2=— . ——2bg _ ratio(bl,bz,dz):ratlo(dz,bél,bg.,):A—O
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ineering

2.3.5 B-spline basis
function

(Cox-de Boor recurrence formula)

2.3.5.1 Cox-de Boor recurrence formula
2.3.5.2 B-spline curves

2.3.5.3 Relationship between de Boor algorithm &
B-spline curves

2.3.5.4 Sample code of cubic B-spline curves
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B-spline Control Point d,
Given | Parameter u
B-spline Basis Func.N;" (u)

2.3.5.1 Cox-de Boor Recurrence Formula
(B-spline function) (1)

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

d3

M Of|: Cubic B-spline =M

x| A ..
r)=| y) |= > d,N" ) .

EO1 T e

AN + AN () + N2 W) + N3 ) + dNE W)

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

r(u)

NP (U) = ——= NP )+ — N )
i+n-1 = “Yi-1 i+n = i

NO(U) = 1 if u_,<u<uy,
O else

2009 Fall, Co»mpu,tgr Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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B-spline Control Point d,
2.3.5.1 Cox-dg Boor Recurrence Formula Given | Parameter u
(B-spline function) (2) B-spline Basis Func.N! (u)
Find | B-spline Curve r(u)
d, d,
LN (U) e N ()

'; 0
d '.
0 | 1 No 0 Wis<u<lo
— N3 o
Ug 1 I\I]_ 0 U)—U<UL
5 Ni 0 -
=0 1 N> 0 wsu<uwe
r(u) =d,Ng(u)+d,N;(u)+d,N>(u)+d,N3(u) ) ’ N2 _ NO 1 U2<U<ll-3
3 —
| N3 0 <
N Ni 0 WLsSU<lW
2 N NG 0 WSu<us
N5 <
Né’ 0 WsU<Us
Parameter u0ll CH &t B-spline & &2 2 3251J| |AHA
| 2| B-spline basis function= H| &H6HOF 8HCY. |

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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B-spline Control Point d,
2.3.5.1 Cox-de Boor Recurrence Formula Given | Parameter u

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

Find | B-spline Curve r(u)

d, d,
N (U) = ————=— NP () + =R NPT (W)
Ui ha— Ui, Ui, — U
o 1 if u, , =u <u,
N (u) = O else
d A b
0 d, Ng 0 W<u<l
Uo uj 3 NO 1 :I\I]_ 0 b —U<Ul
U, Ug NO Nl E 0
s o 2 Niz 1 :N> O wSu<lk
- N N GO @] N2 N2 NS 1 b<U<us
2 : - :
From u, <u< Us, NS ) N% -
0 < <
we can get N2 (u)=0 NG N32 N Ni 0 WSU<Ws
. NS 0 WSU<uis
)=0 Ns NS 0 WSu<us
)=0

S s - | ae—ihe Seoul SDAL
- %ﬁv\ National Advanced Ship Desk'qn Automation Lab. 90/73
B - Univ. http://asdal.snu.ac.kr



2.3.5.1 Cox-de Boor Recurrence Formula | B-spline Control Point d
Given | Parameter u

(B-spline function) (4) B-spline Basis Func.N."(u)
Find | B-spline Curve r(u)

d, d,
NP (U) = — T NG (W)
. 1
: N.” (u) —{ o
d |
0 | d, 0 W <u<l
" s \ NG 0 W<Su<u
0 o No
g s N N 0 Wwsu<uw
r(u) =dyNgy(u)+d;N; (u)+d,N; (u) +d;N;(u) . N22 1 u2 S u < Lh
o (U )=0 NO( )=0 N> , <

N2(U)= Ng N32 0 WSU<W
N4 0 WSu<ws
N (u )— —t N/ Nglu) =0 0 Wu<ues

Niu) = N
U, —u
)_

NI(u)=——L N % - —1-u
2009 Fall, Computer Rldedl§hp Desfgn — Part2. Fﬁ]" FormZModeImg Chap2. (l;'!.?\,es u2 A




2.3.5.1 Cox-de Boor Recurrence Formula
(B-spline function) (5)

d, d,

B-spline Control Point d,
Given | Parameter u

B-spline Basis Func.N." (u)
Find | B-spline Curve r(u)

u —u —
= N (W)
u.

r(u):doNg(u)+d1N13(U)+d2N23(U)+d3N§(U)
NJ(u)=0, NY(u)=0
N3(u)=0, Ng(u)=1

Ni(u)=0, Nj(u)=0, N3(u)=1-u

u—u u u
N7 (u)= — N )+
uz u0 u3_u1

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves

N 0 w<u<w
NP 0 wsu<uw
N2 0 wsu<uw
NS 1 w=<u<uw
Ny 0 WSu<u
NS 0 WSU<ue
NS © b <u<us
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2.3.5.1 Cox-de Boor Recurrence Formula | B-spline Control Point d
. £ . 6 Given | Parameter u
(B-spline function) (6) B-spline Basis Func.N."(u)
Find | B-spline Curve r(u)
d, d,
N (U) = ————=— NP () + =R NPT (W)
Ui ha— Ui, Ui, — U
| NO(u) — {1 if u,_, =u<uy;
'; O else
d !
0 d, N(()) 0 W<u<l
Ih ¢ I Ng).
oo ) Ne 0 Wwsu<uw
. N: NG 0 wsu<uw
=0 Nl 2 —
r(U) = N3 (U) + 0, N2 () +d,N3(U) + d,N3 () 2 0
N 1 WSu<is
N)=0, N?(u)=0 NS .
0 WSuU<Ww
N2(u)=0, N2(u)=1 AL N4
{W)=0, Niw)=0, Ni() ] NS 0 e Susts
Ny(u)=0, N;(u)=0, Ny(u)=1-u N5 <
Ng 0 WSU<W
Ng(u)=0, N7 (u)=(@-u)
U U U U U g
N(u) == N;(u>+ =Y N2 () =2 guy 00y
UZ—U_l U3 UO U3 UO ..............

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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B-spline Control Point d,

. . Given | Parameter u
(B-spline function) (7) B-spline Basis Func.N." (u)

2.3.5.1 Cox-de Boor Recurrence Formula

Find | B-spline Curve r(u)

d, d,

N (U) = =2 NP () + SRR N ()
Ui ha— Ui, Ui, — U
o _Jr if u, =u <y
N _{ O else
d .

0 d, N(()) 0 W<u<l
o " Ng ) INC 0 WSU<U:
31 Us NO N]_ : 0
- o 2 le 1 N2 0 WwsSu<w

r(u):doNg(u)+d1N13(U)+d2N23(U)+d3N§(U) I\Il3 N22 N2 : Ng 1 u2 Su < Lh :

From U, <U<U, N2 N3 : :

2 3 0
N L iND o tSusu
we can get Nlo(u)zO : NZ Nz NS 0 WSu<ie
1
0 N5 <

NJ(u)=0 NG 0 WSU<Ues
N3 (u)=1
N2 (u)=0

54/73
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2.3.5.1 Cox-de Boor Recurrence Formula | B-spline Control Point d
Given | Parameter u

(B-spline function) (8) B-spline Basis Func.N!"(u)

Find | B-spline Curve r(u)

d, d,
N (U) = T NG (W)
: Nio(u):
d ':
0 | d, 0 W<u<l
e U s 3 0 WSu<w
u, Us N
v R 0 wSu<te
r(u) :doNg(u)+d1;\|13(u)+d2N23(u)+d3N'§(u) I\Il 1 u2 S u < Lh
N2(u)=0, N2(u)=0 NS
NS()=1 NE()=0 NG 0 =U<ly
u—u U, —u 0 WSu<ws

Nia)= 2t gy ) o
Ug U, =U, 0 WSu<ws

u, =4,

NE(y) = U=t o u4—u|\y/ _u-yu
0= 2 N S ) =27

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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2.3.5.1 Cox-de Boor Recurrence Formula | B-spline Control Point d
-spli £ ti 9 Given | Parameter u
(B-spline function) (9) B-spline Basis Func.N." (u)
Find | B-spline Curve r(u)
d, d,
N (U) = ————=— NP () + =R NPT (W)
l"IiJrnfl_ i—1 ui+n_ i
N (L) :{1 if u, , =u <u;
(@) else
d
° N 0 w<u<w
NP 0 wsu<uw
NS 0 wsSu<ulp
():doNg() lef() d2N23() dst()
ruO u+0u+ u)+ u Ng ; u23u<ug
Nl(u):O, Nz(u)zo
0
No(u)=1 N2(u)=0 Ni 0 WSU<W
0
NL(u)=0, Ni(u)=1-u, Ni(u)=u N 0 WSu<is
0 0 WSUu<us
u-—u u,—u
N () ==Y Nig)+ 2=t ) o
U, —U U; —U,
u—u u,—u u—u u, —
N7 (u)=—Nj(u)+—-—N;(u) =—=@Q-u)+—=—u =2u(1-u)
U, —U, u, —u, U, —U, u, —u,

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves
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2.3.5.1 Cox-de Boor Recurrence Formula | B-spline Control Point d;
-spli £ ti 10) Given | Parameter u
(B-spline function) ( B-spline Basis Func.N." (u)
Find | B-spline Curve r(u)
d, d,
NP(u) = —2"HYia  Nrte) + Hien =Y N2
Ui,na — Ui, Ui, — U
NC(Uu) — {1 if u, , =u<u,
O else
d .
e % N 0 wasu<uw
|::u l:I il Nél)- 5
o . NI 0 WwIu<uw
5 N1 0
-0 N NS o WwsSu<uw
= d N2 (u)+d,NZ(u)+d,N3(u)+d,N? 2
r(u) (u)+d,N;(u) + (u)+ (u) N:(g) 1 U2$U<I.h
N2(u)=0, N2(u)=0 N
0
No(u)=1, N2(u)=0 ) Ni 0 WSU<u
M NS 0 WSu<uws
Ni(u)=0, Nf(u)=0, Nj(u)=1-u N 5
, > NG 0 WSU<ues
N7 (u)=@-uf, Nz(u)=2ul-u)
u—u u,—u u—u u,—u
NS (u)=—2NZ(u)+ ———N3(u) =——>(1-u) +——2u{l~u) =3u(l-u)
u, —u, = u, —u, u, —u,

J Desk'qn Automation Lab. 57/73
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B-spline Control Point d,
Given | Parameter u
B-spline Basis Func.N;" (u)

2.3.5.1 Cox-de Boor Recurrence Formula
(B-spline function) (11)

Find | B-spline Curve r(u)

N (U) = =2 NP (U) + e NG (W)
o _Jr if u, =u <y
N () _{ O else
i NS 0 Us<u<ulp
Ih * il Nél)-
. L N2 1 NS 0 wsu<u
31 35 NO 5 N]_ 0 <
:20 :61 3 I\Il 1 N2 O U]_—U<UZ
r(u) =d,NZ2(u)+d,N}(u)+d,N>u)+d,N3(u) Nl N2 N2 NO 1 W <u<u3
2 3 =
N> N2
3 3
NZ(U), NZ(U) S 2 oAl Al &t ; ng f NA(,) 0 Ww<u<uw
NZ(u)=(1-u) ; NS 0 WSu<us

N\ 0 Us <Uu<Us
Ne © -

)
)
)= 3u2(1_v r(u) =d,N;u)+d,N;’u)+d,N;u)+d,N;(u)
)

=3u° r(u) =(1-u)d, +3u(l—u)d, +3u’(1—u)d, +u’d,
=>3Xt Bezier Curve -T’-/\'“A!ﬂ} =0
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B-spline Control Point d,

. . Given | Parameter u
(B-spline function) (12) B-spline Basis Func.N." (u)

2.3.5.1 Cox-de Boor Recurrence Formula

Find | B-spline Curve r(u)

NP (u) = ———=i NP (U) + —HE 2 N (W)
Ui hg — Ui Ui, —U;
i N°(Uu) — 1 if u, , =u <u,
i ' O else
| *

P Us NS 0 wa<u<lw
" o NZ \o N' 0 wSu<u
=0 =4 Ng/ 0 N]:-L -
D-1 3 Niz 1 Ng 0 SU<t
_ n Ni Nz
r(U)—IZOZdiNi (u) N2 - NS 1 <u<us

N3 = Nz
NG ; N NG 0 WSu<ie
2 N5 Ng 0 b <U<Us

N5 O NE
N2 3% NS 0 Wws<u<ug

Ns

N? 0 U=Su<uw

s ENSDAL
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B-spline Control Point d,

. . Given | Parameter u
(B-spline function) (13) B-spline Basis Func.N." (u)

2.3.5.1 Cox-de Boor Recurrence Formula

Find | B-spline Curve r(u)

N (U) = =2 NP (U) + e NG (W)
| N © _Jr if u, =u <y
; - () _{ O else
31 l:l :31 34 Ng O U—1 S U < Lb
; i No 0
:20 :74 3 Ng 1 I\Ij_ 0 U)SU<UL
No 2 N NS 0 wsu<up
NI=0 Ni=2TY Nfj= 0 y \; 2 )
1= 2 =
U; = U, Laas N3 N22 N:(g) 1 Wwu<w
2 N3
D_ld N @ N3 \ NS 0 WwS<u<uw
r = . . 3
(u) ; N; (u) ¢ NZ 41 NS 0 WsSu<u
N5
2 <
E N O U SU<Us

Né_ 0 <
N7y 0 U=uU<uw
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B-spline Control Point d,

. . Given | Parameter u
(B-spline function) (14) B-spline Basis Func.N." (u)

2.3.5.1 Cox-de Boor Recurrence Formula

Find | B-spline Curve r(u)

N (U) = =2 NP (U) + e NG (W)
! & 1 i U, =u <y
; N () _{ O else
R . 1 NS 0 wasSu<lp
:io ;34 Ng Nf NP 0 WwSu<uw
NG Ni
N2 N2 0 wsSu<ie
]__ 1 _ UZ—U N]__ U_UZ 1
Ni=0 N;= 3= , N2 .
u, —u, Uz —uj e N3 ) Ns 1 WSu<us
2 N3
N B N . B N3 NS 0 WSu<u
1 _U3—U1 _US—Ul Uz —Uu, Ng N2 N% 0 < <
N2 YW 1, Ul Né? 4 1 Ns 0 Uth=USLs
2 = —— Ny +——-Nj 5 N5 <<
Uz —Ug Ug —U> 5 Ng O l.JB—u Lb
_U-U Up—Uu  Ug—U U-Up Né
CUg—U; Ug—Uy Ug—U, Ug—Us NY O Us SU<Wy

% i Seoul
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2.3.5.1 Cox-de Boor Recurrence Formula
(B-spline function) (15)

Given

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

Find

B-spline Curve r(u)

N (U) = ————=— NP () + =R NPT (W)
Ui hg — Ui Ui, —U;
: 1 if u, , =u <u,
: NP ) = T '
5 O else
I —t i
w08 Ua NS 0 wa<u<lo
5 1
us Us NO 0
iz u NZ . NI 0 WSu<w
= - .
NS N )
N N 0 Wwsu<u
1 NLo U2 mU 1 U N2
Ny =0 N.= *uz-u 2 2 0
U, = U, 372 2 N5 N: 1 WSu<us
N> N3
_ _ _ 2 3 0
ngzm u N%:Us u up,-u N2 N3 ) Ni 0 WSu<w
Uz =l Uz —U; Uz—U; 3 2 Nz
Uy 1 Ug—U 3 N; NS 0 Ws<u<us
N2 = N NE N1 1
2 2 3 2 N5 <
Us —Uy Uy — Uy N:& Ng 0 W=U<Us
_U-l Up—U  Up—U U-Up N%
Us—U; U3—Uy, Uz—U, Ug—U, 20 Us SU<uwy
NEo UUo 2, UsmU o U-Up Ug—U Up—U  U,—U U-U Up—U U-—U U-U U-Uu
1 = 1 2 =
U, —U, u, —u, u,—u, U,—u, U,—u, u,—u, U,—U, U;—U, U,—U, U,—U, U;—U,
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2.3.5.2 B-spline curves (1)

r(u) =d,NZu)+d,N2u)+d,N>(u)+d,NZ() +

0
0 <
d,NZ; ) +dsNS () +dgNS (u) +d, N3 (u) No 0 u su<u,

No .
N02 Q Nl 0 uoﬁu<u1
2 i 0 y
N]_ 1 2 0 Ul—u<u2
N
2 2 No =
2 3 1 u2—u<u3
N3
2
N3 NA? 0 u,Su<u,
Nl
2 4
0
4 . N5 0 u4$u<u5
2 N 0 0 u su<u
N5 NG 5 6
3 1
N 3 3 3 Ns 2 Ne 0 0 y <u<
r(u) =d,Ng(u) +d;N; (u) +d,N;(u) +d,N, (u) , NE . ; u,Su<u,
N N ;
—|—d4Nf(U)+d5N;/(U)+d6Nj(u)+d7Nf(u) g 72 Ng 0 u?Su<u8
3
N7 |\|1
8 0
N82 g 0 u83u<u9
u—u. u,.. —Uu 1
N_n — i—1 N_n—l i+n N_n—l
i (U) ui+n_1_ui_1 i (U)+_ui+n —Ui 1+1 (U) N9 Nfo 0 U95u<u10
1 if u. =u << u,
Nio(u): ' '
(@) else
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2.3.5.2 B-spline curves (2)

r(u) =d,N3Zu)+d,N2u)+d,N3u)+d,N3(u) +

0
0 <
d,NZ; ) +dsNS () +dgNS (u) +d, N3 (u) No 0 u su<u,

1
N No NS 0 u <u<
0 Nl 1 uo_u u1
2 ' 0 0 Su<
N1 Nl 2 ul—u u2
2 2 0
2 N3 0 lJle,I<U3
N3
2
N3 N, 1 u<u<uy,
1
: N 0
4 N5 0 u4$u<u5
1
2 N5 <
N5 Ng 0 us_U<ue
1
3 3 3 Ng Ne 0 0 <
r(u) =doNJ(U) + d,NZ(U) +d,NZ (W) +d,NZW)| N2 ) 90 u<u<u,
N N 7
+d,N2(U)+dgNJ(U) +dgNJ(u) +d, NFHu) | ¢ 2 NS 0 u <u<u,
3 1
N7 N82 N g 0 u Su<u,
u—u. u.. —u 1
N." — i—1 N 1t i+n N2
1 (U) ui+n_1_ui_1 1 (U)+ui+n—ui 1+1 (U) Ng Nfo 0 ugsu<ulo
1 it u. = U << u,
Nio(u): T '
(@) else
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2.3.5.2 B-spline curves (3)

r(u) =d,N3Zu)+d,N2u)+d,N3u)+d,N3(u) +

0
0 <
d,NZ; ) +dsNS () +dgNS (u) +d, N3 (u) No 0 u su<u,

1
2 No NS 0 <o
N0 Nl 1 uo_u u1
2 ' 0 0 Su<
N . 2 0 usu<y,
2 2 0
2 N3 0 lJle,I<U3
N3
2
N3 NA? 0 u,Su<u,
1
: N 0
4 N5 1 u4SU<us
1
2 N5 <
N5 Ng 0 us_U<ue
3 1
3 3 N N 0 <
r(u) =d,Nj(u) +d,Nf(u) +d,N2u) +d,N2 () 3 N2 1 90 u<u<u,
N N ;
+d,N2(U)+dgNE(U) +dgNJ(u) +d, NFHu) | ¢ 2 NS 0 u <u<u
3 1
N7 N82 N g 0 u Su<u,
u—u. u... —u 1
N_n — i—1 N_n—l i+n N_n—l
i (U) ui+n_1_ui_1 i (U)+_ui+n —Ui 1+1 (U) Ng Nfo 0 ugsu<ulo
1 it u. = U << u,
Nio(u): T '
(@) else
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2.3.5.2 B-spline curves (4)

r(u) =d,NZu)+d,N2u)+d,N>(u)+d,NZ() +
d,NZJ(u) +dgNg (U) +dgNg (u) +d, N7 (u)

dy

r(u) =d0N/§/(u) +d1N/(u) +d2NZ(u) +d,NJ(u)
+d4|\|j(u)+d5|\|§(u)+d6N§(u)+d7N;’(u)

0
2
NE N
NP () = —2 =M Nt ) + S =Y o) No 0
l"Ii+n—1_ i—1 ui+n_ui N10
1 it u. = U < u,
NiO(U): i—1 i
(@) else
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0 u <u<u
-1 0
0 <u<
u Su<u
<u<
0 usu<u,
O u <u<u
2 3

<u<
Ou3uu4

0 u,su<u,

6 /

Su<
0u7uu8

Su<
OU8 u U9

Su<
Ouguulo
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2.3.5.2 B-spline curves (5)

r(u) — doNg(u) +d1N13(u) +d2N§(u) +d3N§(u) +

0
0 <
d,N;(u)+d;N;(u) +dgNg (u) +d, N7 (u) N No u, <u<u,
0
|\IOZ Nlo 0 u Su<u
No N; 0
N12 N2 0 u1$u<u2
Ny N
| NZZ N?E) 0 U23U<U3
: N 1
| 2 NE
: 2 0
i 2 N3 N4 0 UBSU<U4
i N3 N 0
] : y / N Nl N5 0 u4$u<u5
u u A8 § / >

N : Né’ 0 u su<u,
3 1
r(u) =d,Nj(u) Ns Ne 0 <u<
=d, +d,;Nf (u) +d,Ng(u) +d,Nj(u) N62 . ;1 uSu<u
> N
T d,N3(U)+ dgN2(U) + dgNE(U) +d, N2 () | Ve N2 ' NS 0 u <u<u,
3 1
N7 N82 N8 Ng 0 U85U<U9
n _ u—u; , n—1 Ui,y —U na 1
Ni (U)_ l"Ii+n—1_ui—1 Ni (U)+ui+n _ul Nl+l (U) Ng Nfo 0 uQSU<U10
N° (L) :{1 if u, , =u<u;
O else
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2.3.5.3 Relationship between de Boor algorithm &
B-spline curves

M de Boor 2 112|& : “"Constructive Approach”
Input: d, (de Boor Points)
Processor: 172 d.& ntH &X}H ‘linear interpolation’
Output : nX} = MAQ| H
- 'B-spline function’(Cox-de Boor recurrence formula)
dEjz 7 E

M B-spline 241 4Al: “B-spline function evaluation Approach”
Input: d. (de Boor Points)
Processor: 37t 42| H d.2} B-spline functiong “blending”3}0f

ShA ZhS HAFSIH ZAMAIO| M2 s A ol

Output: B-spline functioni} d.o| =&t &+ HEjZ EH
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2.3.5.4 Programming B-spline Curve class

Cubic B-spline (Al

b, b,

b, b,

2009 Fall, Computer Aided Ship Design — Part2. Hull Form Modeling- Chap2. Curves

1) B-spline Curve? 24
» Degree
e Control Point

Member 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 Hl &t

(Cox-de Boor Recurrence Formula)

n u _ui— n— ui
I\Ii (U) = - Ni 1(U) + |+1 (U)
i+n-1~ Yi-1 ui+n Y
1 if u_, <u<u
Nio (u) = . |
0 else

3) B-spline Curve &%
+2HME Line Segment2 50 =&

«Parameter UE U, ~Um, Al NSE0HH 2F ulil CHEt
24 a0 HE 1E

T -SI0lH PE HE NMOR RS0 RS EE .

s



2.3.5.4 Sample code of Cubic B-spline Curve (1)

Member Variables of B-spline Curve Class

int m_nDegree : degree of B-spline Curve

Vector* m_ControlPoint: Control Point

int m_nControlPoint: the number of Control Point

#include "vector.h“

class CubicBsplineCurve {

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); // B-spline basis function

};
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2.3.5.4 Sample code of Cubic B-spline Curve (2)

CubicBsplineCurve::CubicBsplineCurve () {
m_ControlPoint = 0; m_Knot = 0;
m_nControlPoint = 0; m_nKnot = 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

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];
3
3
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2.3.5.4 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;
1

;or(int i = 0; i < m_nControlPoint; i++){
PointOnCurve = PointOnCurve + m_ControlPoint[i] * N(m_nDegree, i, u);

1
return PointOnCurve;

Get points on curve at parameter u

r(u) =d,Ng(u)+d;N>(u)+d,N3(u)+d;N3(u)
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2.3.5.4 Sample code of Cubic B-spline Curve (4)

double CubicBsplineCurve:: N(int d, int i,
// Find Span k
//Ui-1<=U<Ui 2> k=i

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

} else {

B-spline Basis Function Hl&F
(Cox-de Boor Recurrence Formula)

NP (U) = — = N () + 0 N )
i+n-1 Y i+n |
1 if u.<u<u

NiO (U) :{ -1 i
0 else

// return Cox de-Boor recurrence f
}

}
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