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FINDING THE INTERSECTION POINT OF A NONPARAMETRIC
SURFACE AND A LINE IN R?

_HOI SUB KIM, CHANG MOG JO, SE JOON LEE AND CHA SOO JUN

ABSTRACT. We suggest Bisection method, Fixed point method and Newton’s method
for finding the intersection point of a nonparametric surface and a line in R? and apply
ray-tracing in Color Picture Tube or Color Display Tube.

1. INTRODUCTION

In one dimensional equation f(z) = 0, the root finding methods are well developed
[1,2,3,4,5]. Bisection method, Fixed point method and Newton’s method are usually
apphed for finding solutions of the equation f(z) = 0. These methods are also applied
to find the intersection point of a surface and a line.

2. BISECTION METHOD

The following recurrence is preferred for its numerical stability and efficiency in
computation[6].

t; —1 t—1t;_
(2.1) M(ttick, - 1) = ———*M(t|t; k41, i) AT Mty o tic1)
t; —tik ti — ik
where the recurrence relation is started with
1
— . Ha<t<t
Mttt =8 ti—tia ’
0, otherwise .
Let B;(t) = M(t|t;_4,-- ,t;). Then we find the bicubic B-spline surface
m n
(2.2) Sy =3 ayBi@)B;(y).
=1 j=1
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The nonparametric surface z = f(z,y) have polynomial surfaces z =Y ; >~ y aijxiyj ,
B-spline surface z = 3, >, bi; Bi(x) B;(y) which is of the form (2.2) and other type of
surfaces. The equation of a hne through (s, ys, z5) with direction vector (drz,dry, drz)
is given by

T—Ts Y—Ys Z—Z2s
2.3 = = =t.
(23) drx dry drz

The arbitrary point (z,y, z) of the equation (2.3) is
T =1x4+tdrz
(2.4) y =ys+tdry
z = zg+tdrz.

Substituting these values into 2 = f(z,y), we can change the problem into one dimen-
sional problem for ¢. Let g(t) = 25 + tdrz — f(zs + tdrz,ys + tdry). Then we can apply
the Bisection method to the equation g(t) = 0.

3. FIXED POINT METHOD
Substituting the equation (2.4) into the equation z = f(z,y) gives
2 + tdrz = f(zs + tdrz, ys + tdry).

Solving for ¢, we get
flzs + tdrz,ys + tdry) — z
drz ’
Let g(¢) = £ (sttdrays+tdry) =2 ,nq define tp41 = g(tn), with #5 = 0.

drz

Tterating this process, we can find ¢* such that t* = g(t*).
Differentiating with respect to t, we get

gt) =(E%+ LW drz
= (Bédrm + dydry)/drz.
If |¢'(#)] < 1 then g converges.

4. NEWTON’S METHOD

Given a starting point (zg,yo) of the surface zp = f(zo,%0), we can find the tangent
plane and get the intersection point of that plane and a line. That is easy since the
tangent plane equation at the point (g, %o, 20) is
(4.1) z — 2o = fa{@o,y0)( — o) + fy(x0,Y0) (¥ — Yo)
and the line equation is

T — T Y—Ys Z— Zs

-2 = = = tn
(42) drz dry drz
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Substituting the equation (4.2) into the equation (4.1), we obtain
2 + tdrz — f(z0,90) = fu(T0,y0)(zs + tdra — o) + fy (0, yo) (ys + tdry — yo)-

Solving for t, we get

_ (@s — 20)fa(x0,50) + (ys

t = —yo)fy(fco,yo) —Zs+f(a:0,yo).

drz — f2(z0,yo)drz — fy(wo,y0)dry

Starting with point (zp,yo,20), we generate a sequence

71 = xg+tidre

= ys +hdry

21 = zs+ tidrz.

In general,
sn = (25— T(n-1))f(T(n-1): Yin— 1)) + (¥s — Yn-1) Fy(Bn-1), Y(n-1))
A sn = 2s + [ (B(n=1)s Y(n— 1))
fz( (n—1)r Y(n— 1)d7°55 fy( Y(n— 1))d7"y

Ty x5+tndrm
Yn = Ys+indry
Zn = Zs+ tpdrz

where n = 2,3,4,---
The stopping-technique in Newton’s method is that select a tolerance e > 0 and
constructs 1, 9,3, - , Ty until

|2y = F(Zm—1) Yn-1))| <€

5. NUMERICAL EXPERIMENTS

In Color Picture Tube(for TV usage) and Color Display Tube((for Monitor usage),
the ray-tracing occurs in Exposure Process. The mechanism consists of Lamphouse,
Correction Lens, Filter, Shadow Mask, Panel as in Figure 1.

The Lamphouse is the source of light. The surface type for correction lens is polyno-
mial or B-spline surface, that of Filter is flat plane, that of Shadow mask is a polynomial
and that of the panel is a polynomial.

Table 1. Computing time according to ray-tracing points

number of points | Bisection Method | Newton’s Method
81 2 minites 0.6 minites
221 6 minites 2 minites
289 7.2 minites 2.5 minites
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FI1GURE 1. Exposure Process

In ray-tracing of landing error corrections, the intersection of a line and a surface(including
plane) is found by a Bisection method up to now. In SAMSUNG SDI, ray-tracing pro-
gram was developed by physicists and not updated because its accuracy was important
and the root finding problem was not seriously suggested. In this paper, we study that
problem and test. Measurement points of landing errors are 81 points, for example. As
in Table 1, it requires much time for computation. Application of Newton’s method
reduces the computing time by approximately 35% .

6. CONCLUSION

We apply the root finding methods to find the intersection point of a nonparametric
surface and a line, and to ray-tracing in Color Picture Tube or Color Display Tube.
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