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2.3.5.1

2.3.5 B-spline curve

Interpolation

Determine # of curve segments & Knots values

Problem definition of B-spline curve interpolation
Determine Bezier end control points by end tangent vectors
Determine Bezier control points by C' continuity condition
Determine B-spline control points by C? continuity condition
Tridiagonal matrix 0 HE 0|28} B-spline 2M XM ZHN
Bessel end condition

Sample code of cubic B-spline curve interpolation



. Example of B-spline Interpolation

Computer e———
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. 2.3.5.1 Determine # of Bezier curve segment & Knot value (1)

4
m Given: fitting points P, and corresponding parameter ¢,
where, i=0,1l,...,mand ¢,=0, ¢ =1,

m

® First, determine # of Bezier curve segment and its knots

= 3: degree
= 2: # of Bezier curve segments

= #of control points
=4+ (2-1)=5

TN 49| M p2 XL
X P SIERIEL T

3K} B-spline M r(u)
(B-spline Z&A: d)
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4
m Given: fitting points P, and corresponding parameter ¢,
where, i=0,1l,...,mand ¢,=0, ¢ =1,

m

® First, determine # of Bezier curve segment and its knots

m  3: degree

3: # of Bezier curve segments
= #of control points

=4+ (3-1)=6
= How we determine Knots ?

(= start / end points of each
cubic Bezier curve)

~
(=}
Il
S
]

2.3.5.1 Determine # of Bezier curve segment & Knot value (2)

Find:
=M A0 A p.2 XU
C2 ¥z XHE UEJ=

3K} B-spline M r(u)
(B-spline Z&A: d)
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.2.3.5.1 Determine # of Bezier curve segment & Knot value (3)

® Given: fitting points P, and corresponding parameter ¢,
where, i=0,,...m and ¢,=0, ¢ =1,

" O determine # of Bezier curve segment to be (# of fitting point -1)
m @ We can determine knots to be the same as the parameters ¢,
= 3 How about the B-spline control points ?

t,=0.5

= 3: degree t. =10

PO m 5 # of Bezier curve segments i
t =0 =  # of control points
0 =4+ (5-1)=8

| | | l | |

1 L | | | !
u, = U, = 0.3 u, = 0.5 Us = 0.7 Ug = 0.85 u, =
U, Ug
U, Uy
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2.3.5.2 Problem definition of cubic B-spline curve interpolation

d, d, Given:
o —— oL TN MO Hp,.
-~ NG QMO xE
/// .................................. °. S~ QULCIO| MM HIE ¢, ¢,
P .... ............ \\\ d .
/// . p2 p3 . \\‘ > Fll’ld:
der e Y M Al & p,g XILIT
s . ¢ A% TUES NEOH=
/ ...- P4 \ 3K} B-spline M r(u)
A L B-spline Z&H: d,
// ..' p 1 ‘...\\ ( p o 1)
A Yo d,
d [ R
L Y
\: ]
ke 1
e §d,
A A A A A Ay
u_lA A A A A A 1
:”o 2 " 3 u, 4 Us 5 ug 0 4 %g
Ny A uy
)
m  3: degree
= 5: # of Bezier curve segments
Jbe : 2t BM Y IHEE 3K Bezier Curve OICF, S potknor B - 260
AHTUME C', 2 HSZAS BHEBHT}, e T




[2.3.5.3 Determine Bezier end
v control points by end tangent vectors

Find:
M A0 F pg XLt
C2 ¥z XHE UEQI=

3Kl B-spline M r(u)
(B-spline Z&A: d)

Au, A A A, A A, A A A A Ay
A, Us Uy Us Ug A
A A U
AZ; A uy

O - Given or Known values




[ 2.3.5.4 Determine Bezier control
v points by C' continuity condition

po:bo

Given: Find:
M A9 A p,, ¢, =M &9 & p,2 XLt
=HMO| =E 4 20J& XHS OIESI=
oEw == en 3K} B-spline M r(u)
(B-spline Z&A: d)

Au A, A A, A A, A As A A Ay
Ay Us Uy “s e A us
AU (b;=b,):(b,=b;) = A,:A; A ¥
Au, (bs—bs): (b, —by) = A;:A, A o

Computer Aided Ship Design 2008 -

(by—bg):(b,,—by) =A,:A;

(b,—b,)):(b;—b,)=A:A,

PART I: Curve & Surface

SDAL °

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




[ 2.3.5.5 Determine B-spline control
¢ points by C? continuity condition (1)

W

Given: Find:
2 MO| H p,. 2 10| & 8 AU
2MO| £E |

A= THE UX0I=

3Kl B-spline M r(u)
(B-spline Z&A: d)

A+ A
bSZ{A ,ASIA}d3"'{A 3A 4A }d4

A,

Computer Aided Ship Design 2008 - PART I: CurvBig$8rfads

AL\3TL\4TM5A u3+l_\4+is

BB q p e g, g

Ay + A+ A
A, + A
Ay + A+ A

idg

d, +1 d, A

A + A Ay + A
b, =d;

SDAL “

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



[ 2.3.5.5 Determine B-spline control
v points by C? continuity condition (2)

W

Cl, 2 ZAZS 0I23510{ POl 28 Al ST

A A
P1=b3:A > b, +——=2—Db,
S A, A, + A,
A A
P2=b6:A *—b,+———b,
s=E Ay A +A,
A A
P3:b9:A >—b, +———Db,,
4 A A, + A
A A
l)4 _blz A +6A 11+A +5A 13
5 5 6
b,=d,=P
b, =d
A,
b, = d, + d
) {A A} {A2+A3}2
A, +A A
b, =1 : : jd, +1 : jd
A, +A;+A, A, +A; +A,

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

Given: Find:
TM MO M p, =4 82 3 p;S XLk
IMO| £ E ¢ o1& XHS BEOL=

3Kl B-spline M r(u)
(B-spline Z&A: d)

A A, +A
s =1 i, i,
A, +A; +A, A, +A;+A,
A, +A A
b, ={ : : jdy +4 : yd,
A +A, + A A, +A, + A
A A+ A
by =1 — i, +{————}d,
A, +A, + A A, +A, + A
As + A A
b, ={————}d, +{ : id;
A, +A + A A, + A + A
A A, +A
b, ={ ° d, +4 : : jd
A, + Ay + A A, + Ay + A
A A
b = A T A,
5 6 5 6
b, =dg
b =d; =p;
11
SDAL

dShpD gAtmat n Lab.
http/l sdal.s



[ 2.3.5.5 Determine B-spline control
v points by C? continuity condition (3)

-

P =
AL A, A +A)

[(A9)° (A, + A5 +A) (A, +A5)d,

Given:

TN MO Fp,,

1

H{ALAL (A, + A, +A)+HAL (A, +A))A; +A DA, +A5)d, +(A2)2d3]

=a,d, +pd, +yd,

1
(A, +A)A;+A,+AS)
Ay (A +A)Hd; + (A3)2d4] =a,d, + f,d; +7,d,

(A d, +{A, (A, +Ay) +

2

P - 1
T (A AN A, +A)

[(A5)d; +{As (A + A (A, + A5 +A)

Find:
=M A0 A p.E XU
C2 ¥z XHE UEQI=

3Kl B-spline M r(u)
(B-spline Z&A: d)

+A A +ANA + A, + A (A, + A +Ag)d, +(A4)2(A3 +A,+A;)

(A, +As+Ad = ayd; + Bid, + y,d;

1
P, =
(AS +A6)(A4 +A5 +A6)
{AA,+AH+AAN (A, + A +A)d
+(A) (A, + A +A ) ]=a,d, + B,d, +7,d,

[(A¢)°d, +

e > A
a. = (AHZ)
l (Az + Ai+1 + Ai+2)(Ai+l + Ai+2)
— Ai+2 (Az + Ai+1) AHI (Ai+2 + AH})
ﬂi - {(Az + Ai+l + AHZ) " (AHI + AHZ + Ai+3)} /(AHI " AHZ)
y = (A.)°
l (Ai+l + Ai+2 + Ai+3 )(AHI + Ai+2)
Y,
=OE A 00O Of= 2
\\ N\
(W]1 0 0 0 0 0 0 0
Po| | -3 3 d,
— — 0 0 0 0
t, A, A, d,
P, O o B 7 0 0 0 0 ]| d,
P> | 0 0 o B 7, 0 0 0 |d,
P, 0 0 0 a, B 7, 0 0 d,
p. 0 0 0O 0 a B, v, 0 d
t, 0O 0 0 0 0 0 ;—3 Ai dg
Ps 6 o1 d,
0 0 O 0 o 0 0 1
\ J
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[ 2.3.5.6 Tridiagonal matrix 0= 0|23t B-spline
Z4 A (1
=35(1)

S o o o 744; o
S O oo g o o
S o o JJg 8§ © o
S © I o o o
o o S o
O3i S o
—TNgo o o o o o

o = < a

O\
JI

<101 OF Ot

O\
JI

{F
ol
<J

LN

KJ

D=AX
X=A"D

2| 8S AJ} Tri-diagonal matrixQ|2 & ZHHOIA| A

ol

B AN S Y



[ 2.3.5.6 Tridiagonal matrix jHE 0] 2%l
2 X ()
=5(2)

b ]

‘Tridiagonal matrix
2 A2t 1 91/0kH, £/ 428 00] Ot 2t0l1d, UHIl 422 o st W&
= [HZ ME2 ZSAMOZ 3J10] ME0t 00| OFY Zf » Tri + Diagonal
- S e - - - v, ? v
bo L0 X0 do AX — d
wrich ¢ 0 X d v
1 1 1 1 ! ® A ZLU
0 a, b, ¢, O X, d, A= L U9
B : 3oz 4
LUx=d
;| Uxe Y 2ae!
0 an—l bn—l Cn—l xn—l dn—l : M 9 '
a, b, X, d, ®Ux = y
i - - - - - v
A
_ ! Y4
A X = d @Ly=d
Ag dEZnYS M, X5 ot




| _ﬁo 0 11 7, 0 |
0 a p 0 O 1T 7 0
c, O 0 a, B, O O I » O
O an—l bn—l Cn—l O an—l ﬂn—l 0 O 1 yn
a, b, 1 L 0 a, B ]L 0 1|
v Ax=1d
bo = By ‘/COZ‘"'/Boyl a; =a, 1= 1, N @\A ‘L‘U
P g _
b= B e = P , - % 0 l
b, =a,y, +p, ¢, =By; l LUx=d :
ﬁz+1 = bz+1 i) in g
' i=0,---,n—1 l@ §:'y
bn—l = an—lj/n—l + ﬂn—] Cn—l = ﬂn—lj/n v . ~ A
with 4, =b, ely-6




[ 2.3.5.6 Tridiagonal matrix S 0|

St B-spline M XA &H(d)
C Eme
!
I@lyz
_180 0 | Yo | | d, ]
a B 0 M d,
Oy = 5 0 %) d,
0 an—l ﬁn—l 0 yn—l dn—l
i 0 a, B.] [y  d,
L y = d
4?2 v
vl v Ax=d
ﬂ(‘)"yo =d, — v
v 'A/ ! d. QY. @A :‘L‘U
Yy + Py = Forward Y=
substitution ﬁi
o _J i=1-,n LUx=d :
i+ By, =d, L
. : v
an—lyn—Z + n—lyn—l = dn—l 0 : ! e f
_ @Ly=d
anyn—l + anyn - dn




[ 2.3.5.6 Tridiagonal matrix 0HHE 0|

5 238 (5)
2 '
l ®Ux=y
_1 7/1 0 Nl 'xO ] i yO |
G Stat ) X, Y
0 1 }/3 0 xz yz
0 7n xn—l yn—l
il 1 | L xn L yn h
U X =Yy
Xyt VX, =Y Ax=1
0 0“1 0
/\ oA =10
N ENX =0 Xi = Vi = VinXin :
Xt 7/2“)& % Backward i=n—1,---,0 LUXZd ........
L substitution v‘, """""
2 ~T,09 ! with x, =y, : X =1
xn.—l + 7/n—1xn - yn—l v @ 27
!
o @Ly=1
x”l = yn o CsassssssssssssEEEEEd
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2.3.5.7 Bessel End Condition (1)
= B-spline curve interpolation(fl Al SEXNIAMC] HMHUIEH ¢, t,01 FOHXIX| EUS W,
(1) FMO| SBO| AXKE Ml MOZRH 2Kt F8M(quadratic curve)E Ha0l1l,
(2) MAME 2K ZMO| 2 BHOIAIC 1XI O] 222 22171 MAOI Xt Ol=
B-spline curveQ| & & jIAM2] MM HIEZ JI1H0l= 2

d,

fuio

d,
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- 2.3.5.7 Bessel End Condition(2)

b ]

Po~
SMO| A2 B E
P1 - T T P2
o ®
7
7/
/
t, i/
/
f
Po
W 1 1
il ' -
U A, u, A, u,
ul
Z/t2
2A, +A, (A, +A,) A, P o= Agg p . —BrstAed)
t.=(- P, + - P.) i A (A +AL) " AL A, !
A, (A, +A) ALA, Ay(A, +AS) . ks Bgs TRk k-sDk-4

(2Ax 4 +Ax ) D)
(AK—5+AK—4)AK—4 ;
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2.3.5.8 Sample code of Cubic B-spline Curve (1)

B

#ifndef __CubicBspline_h__
#define __CubicBspline_h__

#include "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);
I
#endif




|

b ]

2.3.5.8 Sample code of Cubic B-spline Curve (2)

void CubicBsplineCurve::Interpolate(Vector *pFittingPoint, int nFittingPoint)
{

/1 Generate Knot
if(m_Knot) delete[] m_Knot;
m_nKnot = (m_nFittingPoint - 2) + 2*(3+1);
m_Knot = new double [m_nKnot];

/1 Use Chord length or Centripetal method

Set knot using chord length

[ mmmmm e e
// Generate Matrix : (L+1) * (L+1)
int L = m_nFittingPoint + 1; /1 (L+1)*(L+1) size Matr Uy uy =1.0
Uy
. U,
/1 Fill rhs u, =0.0

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;




|

2.3.5.8 Sample code of Cubic B-spline Curve (2)

N
[ —
void CubicBsplineCurve::Interpolate(Vector *pFittingPoint, int nFittingPoint)
{ o
1/ Generate Knot ___Bessel End Condition
if(m_Knot) delete[] m_Knot; t —— 2A2 + As p
- 0
m_nKnot = (m_nFittingPoint - 2) + 2*(3+1); ’ Az(Az + A3)
m_Knot = new double [m_nKnot];
- [m- ! 4 (Az + As)
/1 Use Chord length or Centripetal method AA 1
293
2
[ ] mmmmm e e A3 (Az + A3)
// Generate Matrix : (L+1) * (L+1)
int L = m_nFittingPoint + 1; /1 (L+1)*(L+1) size Matrix AK A
t = - p
e m-2
AK—S (AK—S + AK—4)
/1 Fill rhs A A
_|_
Vector* rhs = new Vector[L+1]; — (Ags k-4) -
for(i = 1; i <= L-1; i++) rhs[i] = pFittingPoint[i-1]; AK—SAK—4
(ZAK—4 + AK—S) p
// Bessel End condition (AK 5 +AK 4)AK A n
rhs[0] = rhs[1]; rhs[L] = rhs[L-1];
rhs[1] = StartTangentByBesselEndCondition; rhs[L-1] = EndTangentByBesselEndCondition;




[

b ]

2.3.5.8 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

-
C
MO
=
I
io
(=
00
(=
(=,
18
02
I
lio
=
<

// Solve LU system
[_u_system(alpha, beta, gamma, L, up, low);

solve_system(up, low, gamma, L, rhs, m_ControlPoint);

// Release memory

delete[] rhs; delete[] alpha; delete[] beta; delete[] gamma; delete[] up; delete[] low;
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ITerm Project 1. B-Spline Curve Interpolation
‘- U JHR

‘ Ul S H: 293 "2 M3 X| L= B-Spline CurveE Interpolation BHCE.

Input Data
3

6

0.0 200.0 0.0
100.0 350.0 0.0
220.0 350.0 0.0 i

300.0 200.0 0.0
400.0 300.0 0.0

500.0 200.0 0.0 = i
25

@A
Computer Aided Ship Design 2008 - PART I: Curve & Surface presnirnter s, P




[Term Project 1. B-Spline Curve Interpolation
* - Input Data Format

L ——

Input Data

3 > B-Spline IAO| K}
6 > 3 Ws MO| Jh5

0.0 200.0 0.0+
100.0 350.0 0.0
220.0 350.0 0.0
300.0 200.0 0.0 >-)
400.0 300.0 0.0
500.0 200.0 0.0 /

Computer Aided Ship Design 2008 - PART I: Curve & Surface :Zﬁ'/'f:gji?.'fngfffffmomatm" Lob-

gl W= HO 3K A H (x, Y, 2)




[ Cubic B-Spline

A

v Cox-de Boor Recurrence Formula

Z N (u)

i=0

| —
= (il: Cubic B-Spline M
[ x(u) |
r(u)=| y(u)
z(u) |

—d-+d.+d

N} ()= ——= N ")+

l

r(u)

llb+d
NI ()

SHORNHON

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

U, Su<u,

CISC

: 0 el




ITerm Project 1. B-Spline Curve Interpolation
-l £% A\| T2 ] XM JHe

a
Saig wold CBSplineCurwveDoc: :SetPointFromFile(CArchive& ar) .
97]] Class CBSplineCurveDoc
a8 int i-=98;
oo | s/ I 0|2 ZHEST| Function | SetPointFromFile
181 CFile* pFile = ar.GetFile();
162 CString strFile = pFile->GetFileName(); LH% gla ]II-°|E_'?_E-| B- Sp[]ne_l =1
183
R - AL (=} AL
N e N E LN ES
185 strepy(filename, strfFile.GetBuffer(strFile.Getlength{))}; = o
186 =trFile.ReleaseBuffer(); QI' [‘"OIE"E E10'|=
i
183 ff ol 227
169 FILE* fpIn = NULL:
118 fpIn = fopen(filename, “r");
1124 a"a".r'a"#.f.f.f'a"a'.w'hMf.uH’ffuf FEEL T S TR B L e P L
113 /i LGEESFH HjoHE g8ds IEE 2G| 2.
114
115 i SEe we By
ns| s/ U e He| e o
119
128
121 FUEEEE Ee| gjeecpi s R IR S il EE e
122
123
12 2 e
125
126
127 /7 It B
128 fclose(fpln);
129 fpIn = MNULL;
138 }

SDAL

Advanced Ship Design Automation Lab.

Computer Aided Ship Design 2008 - PART I: Curve & Surface http://asdal.snu.ac.kr



ITerm Project 1. B-Spline Curve Interpolation

- A = A

m double CBSpline::M({int n, int i, double u)

l.'D

i

] =
W oo o~ o LN

]

]

P ke ek ek
CO Ch 0O Q0 GO 0a
F L pa

Computer Aided Ship Design 2008 - PART I: Curve

ff check invalid condition

if {(m_nNumlFfKnot < 1) return 8.6;

if (m_nDegree < 2) return @.8;

ff initialize
double val = @.8;

I Oz 7] eH XIA1 |=|=|
——I— 10O

return val;

Class

CBSpline

Function

N

HE

B-Spline Basis Function(Cox-
de Boor Recurrence Formula)

= Al

Cox-de Boor Recurrence Formula
(B-Spline basis function)

Nzn(u) —

Nio(u) —

Uu—u,,

i

1

-1 Ui

if u, , Su<u,

0 else

Nin_l (u) + an—__u Nili_ll (u)

i+n I

29

utomation Lab.

& Surrace

S http://asdal.snu.ac.kr



ITerm Project 1. B-Spline Curve Interpolation
-l % A\| T2 ] XM JHe

136im Vector CBSpline::GetPoint{double u) .
187 [ ¢ Class CBSpline
188 /f return value
139 Vector vec(@.8, 8.8, 6.8); Funct.lon GetPO.Int
158
131 /f check invalid condition
157 1 . Nagras - " e n J
o8| E Gampeee.0) retiin ve g Parameter »0fl LHEt F&1 &40
193 m_nhumoFCP return vec;
- by | = ?Gl-h Al __I.l
ik A =] r(U)E = — E
195 Fr initialize
196 int 1= 8;
197
198 /71 IArrrrlts FEFNEENY FEEFITFY FEEREERY FENNEEEY Frrffrer Frrrrirs Frrrirsy
199i- /7 Parameter ul| CHEF r{uE F5= B-Spline 2MAE ERMAEEL| T,
2 B
return vec;
asi|

Cubic B-Spline Curve r(u)
r(u)= doN(? (u) + lel3 (u) + dzNz3 (u)+---+ dD—lNl3)—1 (u)

SDAL ™

Advanced Ship Design Automation Lab.

Computer Aided Ship Design 2008 - PART I: Curve & Surface http://asdal.snu.ac.kr



ITerm Project 1. B-Spline Curve Interpolation
-l &% A\| T2 ] XM JHe

285im vold CBSpline::SetKnotUsingChordLength{Vector* pFPoin int | .
206:| { Class CBSpline
287 /S check invalid condition
288 if {nNumOfPoint < 1) return; . .
o -5 it oo Function | SetKnotUsingChordLength
211 .fl'.a'tirjiti;li:e LHg 0'| é‘.‘ 7I'_I }IEI(ChOI’d
212 int i = 8;
213 Length)& 0|20I0{ KnotE M
214 Jf free memory
215 if (m_pKnot != NULL) delete[] m_pknot; Al GI':: 6:*#
2:_':'[-] ______________________________________________________________________________________________________________________________________________________________________________________________________________________________
218 // B-Spline Cur eSS 0|=%}H Interpolation A| Chord Length(Fitting Point 712 HE|E 0| =5}
-knof = H|AERA 2.
20 »

SO0l 471 FORE M Knot P, =P, =16
AE.I@ O:IIAI pz_p1‘ =1.2




ITerm Project 1. B-Spline Curve Interpolation
-l % A\| T2 ] XM JHe

a
lmﬁgﬁpllne iInterpolation(Vector* pPoint, int nNumOfPoin .
2411 < Class CBSpline
3424 FETIIIITILTIET AR T ITEEE I IITTI T IR T I T E T I ddETTITT
jij ;i Z=MHE Fitting PointS 0|,=,-::-|-02| 3%} B-Spline Curve® Funct.lon |nterp0lat10n
245 // Control PointZ2| ZH== A|E
LHE &S dI0IE S 0120104 B-
¢-E /f set knots and delta using chord length Spl]ne Curve InterPOlatlon%
S Al — AL
= (T 3 Yol= 8=
o) ssrmEmne bt Baegsel End Condition
1 0 0 0 0 0 0 0
53-::' // bessel end condition: start pO —_3 i O 0 O O 0 0 dO
256 N t, A, A, d,
,_d; /f bessel end condition: end pl O 051 ﬂl 71 O 0 0 0 d2
259
260 /f allocate pointer M P, _ 0 0 @, ﬂz 7> 0 0 0 d3
262 p; 0 0 0 o £ ryn 0 0]ad,
263 Jf initialize M
264 p. 0O 0 0 0 a B )/43 g d,
;5-5 S set matrix M using alpha, beta, gamma t1 0 O 0 0 0 0 ;— A_ d6
263 Ps ° 0 d,
2R9 /4 LU decomposition 0 O 0 0 O 0 0 1
s ~D —A =X
%:f / set control point of b-spline curwve $ xl_l 1" J:"tl‘%" J_F QAE 1" '_I'IUHOF UI-E 1"
o D= AX
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. Bessel End Condition

p1’.¢ - T v = ~‘pz
Vg
7’
/7
/
to /
/
f
Po
1l 1 1
i ' '
U A, u, A, u,
ul
uZ
2A, +A, (A, +A,) A, P o= Agg p . —BrstAed)
t.=(- P, + - P.) i A (A +AL) " AL A, !
A (A, +A)) AL A, AJ(A,+A)) : k-s\Bg_s K—4 J Ay

(2Ax 4 +Ax ) D)
(AK—5+AK—4)AK—4 ;
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J.IIiI WAl I

pp——
2F 7

278
279
288
281
282
283
284
285

o

n’.l\..r
287
288
289

2
298

291
292
293
254
295
297
298
299
38e
381
382
383
3e4
385

7im double CBSpline:

=
oE0H Ky s

vGetAlphalint n, double* delta)
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i
double val = @.8;
1-1 ' _.-" FEFEEEF _.l" FELEFEY _.l" FELEFET _.l" T FFFFEr _.-" FELFEEF _.'" FEFEFTS _.l" Fry
- /7 Interpolation A| AFEE}S alphadl| 2L S5 EHEE
return val;
}-
o double CBSpline::GetBetal(int n, douhle* delta)
i
double val = 8.8;
Ll ssfffxf!xsfffsffxxff!xffxsf!fxffxsfffxf!#_fffx!ffff L
i+ /¢ Interpolation A| AFESI= betad| ZHSE 22 RS
return val;
}
m double CBSpline::GetGammalint n, double* delta)
¥
double val = 8.8;
-1 Jfffffffxfffffffxfffffffxfffffffxfffffffxf{ EFraars FIF
- // Interpolation A| AFESIS gammadl| ZHEL =5 EHES)
return val;
H

Class

CBSpline

Function

GetAlpha, GetBeta, GetGamma

HE

Interpolation Al AF20l= «,
, & 70l=

— SFA
- aT

(Any)°

Cli==
(A, +A,,+A,,)(A

i+1

i+2 (A + Al+1)

+ Ai+2)

i+1

Ai+1 (Ai+2 + Ai+3) }/(A

= T A,
ﬂl {(A + Az+1 + Az+2) (Ai+1 + Az+2 + Az+3) i l+2)
|, - (A’
l (Ai+1 + Az+2 + Az+3» )(Ai+1 + Ai+2)
34
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iTerm Project 1. B-Spline Curve Interpolation
- JHH 8 Al T2 XN "E

a o
%ﬁr CBSpline::LU{int n, double** A, VWector* x, Vector* rg
ea] ¢ e 7 ™ IClass | CBSpline
T | /7w el i BEE FAEA 2 Function | LU
HE LU S0 S 1A
- 4 - - v, 1 v
pHEEELE0) X, d, Ax=d
groch ¢, 0 X, d, @A :\LU
0 a, b, ¢, O X, d, P
. AE LikU9|
. = SO 20l
LUx=d :
: S 2 A
0 an—l bn—l Cn—l xn—l dn—l EJX'? [ };
an n xn dn ®UX — y
Ik - - - - - v
A
_ ! v
é x = d @Ly=d
AQLdE &1l US W, x 120 S

® A Lt U9 2 F FE0H

® Ly=a 8 250k y 70D
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