Hidden surface removal

T. Nishita
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4 Depth Sort
(painter’ s algorithm)
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Ray Casting

*A simple form of Ray Tracing

?L .
Simplest metho ] ’-",.-'
is ray casting 1=




Ray Casting
» To create each sample ...
— Construct ray from eye position through view plane
— Find first surface intersected by ray through pixel
— Compute color sample based on surface radiance

Ray Casting

* For each sample ...

— Construct ray from
eye position through Rays

i through
view plane view pl%ne
== — Find first surface
=] intersected by ray
: through pixel
— Compute color i
sample based on Samples on
. ; " view plane
surfaceradiance Eye position
Ray Casting

» Simpleimplementation:
Image RayCast(Camera camera, Scene scene, int width, int height)
{

Image image = new Image(width, height);
for (int i = 0 i < width; i++) {
fior (int j = 0; j < height; j++) {
Ray ray = ConstructRay ThroughPixel(camera, i, );
Intersection hit = Findlntersection(ray, scene);
imagefi][j] = GetColor(hit);

Ltum image;

Constructing Ray Through a
Pixel
« 2D Exampl e
© = frustum half-angle
d = distance to view plane

right = towards x up

BT E .

P1 = P, + d*towards — d*tan(®)*right
P2 = P, + d*towards + d*tan(®)* right

P = PL+ (i/width + 0.5) * (P2 - P1)
=P+ (i/width + 0.5) * 2*d*tan (@)*right
V=P-P)/P-Fl

Ray: P =P, + t¥

Ray Casting

» Simpleimplementation:;
Image RayCast(Camera camera, Scene scene, int width, int height)
{

Image image = new Image(width, height);
fior (inti = 0; i < width; i++) {
for (int j = 0; j < height; j++) {
Ray ray = ConstrructRay ThroughPixel(camera, i, j);
Intersection hit = Findlntersection(ray, scenel;

imagefi][j] = GetColor(hit);

}
return image;

}




Ray-Scene Intersection

* |Intersections with geometric primitives
— Sphere
— Triangle
— Groups of primitives (scene)
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Ray-Sphere Intersection(1)

Ray: P =Py +tV
Sphere: |P-C|?-r2=0




Ray-Sphere Intersection (2)

Ray: P =Py +tV
Sphere: |P-C|2-r2=0

p'
Substituting for P, we get: v P
[Py +tV-C|?2-r2=0
Py
Solve quadratic equation:
at?+bt+c=0
where:
a=|Vp=1
b=2Ve(P,- —
c=|P,-C[]2-r2 f ray direction
is normalized!
P=P,+tVv

Ray-Sphere Intersection (3)

* Need normal vector at intersection
for lighting calculations
N=(P-C)/|P-C]

Ray-Triangle Intersection

 Firdt, intersect ray with plane
» Then, check if point isinside trian

Ray-Plane Intersection

Ray: P =Py +tV
Plane:P+N+d=0

Substituting for P, we get:
(Po+tV)*N+d=0 -~

Solution:
t=-(PoeN+d)/(VeN)

P=P,+tV v

Po

Ray-Triangle Intersectio

» Check if point isinside triangle Ts
parametrically

Compute o, B:
P=a (T Ty) + B (T5Ty)

Check if point inside triangle. P
O<a<landO<p<i P /‘
a+pB<l

Other Ray-Primitive Intersections

* Cone, cylinder, ellipsoid:
— Similar to sphere
* Box
— Intersect 3 front-facing planes, return closest
» Convex polygon
— Same astriangle (check point-in-polygon agebraicaly)
» Concave polygon
— Same plane intersection
— More complex point-in-polygon test




Bezier Clipping

Bezier Clipping (multiple roots)

t

N f(x)=24x- 42x2+12x+2—o

40t igi (1 3

f (t) =kZ:lofk B< (t)

" (i/n,f):control point
29 23 £t
: ‘ ot 1st; 0.5555
-200 2nd; 0.0083
40 (b) after clipping 3rd; 0.0003
Curve-Line intersection Curve/curve Intersection
P N3 curve / X
& X(t) =% % B*() Fat "W
\ k30 s P
g " y(t) =3 % B0 g l’& 0

d(x,y)=ax+by+c

(=5 B

f =ax,+by,+c

(a) clip Q by Fatline of P (b) clip P by Fatline of Q

Applications to 3D Rendering

Previous work for parametric patches

x=x(u,v), y=y(u,v), z=z(u,v) )
Bezier Patch, B-spline, NURBS
hidden lineremoval

hidden surface removal
- raytracing
- scan linealgorithm
implicit surfaces| Ty =0 :'.‘7
k\u

s

algebraic surface
metaball (blobs)

raytracing

Raytracingl

Whitted(1980): bicubic patches
Kajiya(1982): bicubic patches
Nishita(1990): trimmed rational Bezier patches

Scanline algorithm |

L ane(1980): subdivision of curved surface
into polygons at every scan line

Nishita(1991): modification of Lane's method
(subdivision into subpatches at every scan line)




Raytracing for Trimmed Patchs

Y v e (u,v)
[ u
X screen parametric domain

ray/patch intersection for bicubic patch;

degree 18 of polynominal should be solved

trimmed patch

Bezier Clipping for Bezier Patch
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Bezier Clipping for Bezier Patch

Extract intervals

Iterative clipping

Raytracing
using Bezier Clipping

Scan Line Algorithm for Bezier
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Lane(1980): subdivision of curved surface
into polygons at every scan line

e scan line ' £'scan line
A\ [ 4 /
subpatch

Nishita(1991): subdivision into subpatches
every scan line

Scanline agorithm
using Bezier Clipping




Metaball

Modeling of curved surfaces|
blobs; Blinn(1980)

metaballs, Nishimura(1985) . T8 = ‘
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degree six field function

problem: ray/isosurface inter section

Intersection T est between Ray and

Metaball Metaball
curved surfaces defined by metaballs isosurtace -~
///—-\\\\ isosurface i \\*'”‘\
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| degree six field function; | T = B\Y4 -
degree six field function; © + only oneintersection point
f(0)=1, f'(0)=0, f(R)=0, f '(R)=0, f(R/2)=L closest to viewpoint isrequired
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