Piecewise parametric cubic curve



* [ created this curve with the Insert > Shapes > Curve function of
PowerPoint.

* I cliked at five points and these points were interpolated to generate
a curve.



Parametric cubic curve
3 2
X(1) = ayt” +byt” +cyt +d, S(t)=at’ +bt> +ct+d

Or
3 2
N=a,t> +b,t t+d
y(t) ayl +0yl +Cyl+a, S(t) = x(t)},etc.

y(t)

3+bxz+cx+a’

This curve is more complex than y(x) = ax
Imagine solving x(7) for ¢ and plugging it into y(?).

We usually let 7 vary from 0 to 1.

Piecewise parametric cubic curve

Each curve between two points 1s a parametric cubic curve.

P>
S1(0) =py, S;() =p,

S,(0) =py,Sy(1) =p;3
S1(?)




Given the points, how can we determine the coefficients of the curves?

)

S1(®)

P, P; Ps

Each curve has to pass two points. — 2n vector equations

S,;(0) =p1, S;(1) =p, n is the number of curves.
S,(0)=p,,S,()=p;  L'he number of points is n+1.
The first derivatives are continuous at each internal point. — n-1 vector equations

S1(1) = 85(0)
S5(1) =83(0)



The second derivatives are continuous at internal each point. — n-1 vector

equations ) )
S1(1) =85(0)

$5(1) =83(0)

We can specify conditions at the two end points. — 2 vector equations

. . * b S, O - S
Specifying the first derivative (tangent) S}((I; _ 2

o L S{(0)=0
Specifying the second derivative is zero. S’l’((I; -0

$1(0) = S;(1)

Specifying the second derivative S (1) =8 (0)

4n vector equations 1n total for 4n vector unknowns



Each curve has to pass two points. — 2n vector equations
$1(0)=p; d),=x
dly =N

Sl(l) =Py a t blx TCx T dlx =X

Clly +b1y +C1y +d1y =)

x()=a > +bt* +ct+d,

3 2
y()=a,t” +bt" +cyt+d,

S2(0) =P2 d2x = X3
dZy =

So(D=p3 ay, +by +Co +dyy = X3
azy +b2y + CZy + d2y =3

The first derivatives are continuous at each internal point. — n-1 vector equations

Si(l) = S,Z(O) 3ay, +2by, + cp = Coy x'(t) = 3axt2 +2b,t +c,
3611 +2b1 +C, =0 / _ 2
y y Ty Y y(t)=3a,t” +2b,t +c,
S,Z(l) = S%(O) 3a2x + 2b2x T Oy = C3x

3a2y + 2b2y + Czy = C3y



The second derivatives are continuous at internal each point. — n-1 vector equations
SI(1)=S5(0)  6ay, +2by, = by, x'(t) = 6a,t +2b,
6ay, +2b, = by, y'(t) = 6ay, +2b,
SE(I) = S%(O) 6ay, +2by, = b3,
6612y + 2b2y = b3y

Specifying the second derivative is zero.

S/(0)=0  2b, =0
2by, =0

SZ(I) =0 6anx + anx =0
601y, + 2B,y = 0



0001 a iy :
1111 b X2
0001 C1x X2
1111 dix >

ooooo a:,\

bax
321000-10 ..... €2 0
32 1000 -10 dx |=| O
62000-200 0
6 2000-2 0
02 C nx 0
620 0] 9n 0

Blank spaces are mostly zeros.

By solving this with Gauss(), we get the coefficients of x equations.



Then you can draw curves by calculating x and y for different t values.

For one piecewise cubic curve,

fori=1:11
t=0.1*G1-1)
xx(1) = ....
yy(i) = .....
end

plot(xx,yy);



draw line.m T nEx|
File Edit Yiew Insert Tools Deskiop Window Help N
clear x NS MRAODRL- |2 (0E »
clear y :
X (1) =0 ’ 0.8
Y (1) =0 ’ 06
X (2) =1 ’ 0.4
Y (2)=1; 0.2
cspline_curve(x,y); o o5 s

draw_tri.m

clear x B Figure 1 [;]@
clear y Fle Edt View Insert Tools Desktop Window Help
x(1)=0; Ddde | b RALDLEAL- 1B >
y(1)=0; 1 '

x(2)=0.5; 08/

y(2)=1;

x (3)=1; 04|

y (3)=0; o2

cspline curve (x,y) ;




draw sine.m

clear ang

clear y

i=0:12;

ang = 2*pi/12%*i;

y = sin(ang);

cspline curve(ang,y)

draw_circle.m

clear x

clear y

i=0:36;
ang=pi/180*i*10;
x=cos (ang) ;

y=sin (ang) ;

cspline curve(x,y);

Figure 1 [;]@
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Figure 1 g@\

draw random.m File Edit Yew Insert Tools Desktop Window Help N

_ NS de | M| RRAOBDELEL- S| >
clear x i
clear y -
1
x=random('‘Normal',0,1,1,8); N
y=random('‘Normal',0,1,1,8); 'D
cspline_curve(x,y); o

1l45 1.5




clear x

clear y

i=0:36;
ang=pi/180*i*10;
x=cos (ang) ;

=si ) :
‘cspline_curve(x,Y);

Your task 1s to write this program.

draw line.m, draw tri.m, draw sine.m, draw_circle.m,
and draw random.m are provided.



