Triangles



barycentric coordinates

—a+(G(b—a)+y(c—a




barycentric coordinates

p=a+f(b—a)+~y(c—a)

p=(1—-08—-7v)a+pb+nc
a=1—-0—7v

p(a, 3,7) = aa+ Bb + yc
a+p+vy=1



barycentric coordinates

If p Inside the triangle,

p(a,3.7) = aa+ Bb + e

I<a<l
D<B<1
D<y<1



barycentric coordinates

It p on an edge, e.q.,

p(a,3.7) = aa+ Bb + e



barycentric coordinates

p=caa+ b+ ~c

What are (o, 3,7) !

<whiteboard> a



Triangle rasterization



WWhich pixels should be used
to approximate a triangle?

C




WWhich pixels should be used
to approximate a triangle?

Use Midpoint Algorithm for edges and fill in?



WWhich pixels should be used
to approximate a triangle?

Use an approach based on
barycentric coordinates



We can interpolate attributes using
barycentric coordinates

¢ = acy + ¢+ yeo

Gouraud shading

(Gouraud, 1971)

http:/ljtibble.dyndns.org/graphicsieecs487/eecs487-html




for all x do

Triangle rasterization algorithm
for all y do

compute (o, 3,7) for (x,y)

if ( €[0,1] and 8 € [0,1] and v € [0, 1])then
c = acy + ey + yeo
drawpixel(x,y) with color c




for all x do

Triangle rasterization algorithm
for all y do

compute (a, 3,7) for (x,y)

if ( €[0,1] and 8 € [0,1] and v € [0, 1])then
c = acy + ¢y + yco
drawpixel(x,y) with color c




Triangle rasterization algorithm

use a bounding rectangle

for x in [x_min, x_max]
for y in [y_min,y max] ‘
compute (a, 3,7v) for (x,y)
if ( €[0,1] and 8 € [0,1] and v € [0, 1])then
c = acy + ¢y + yco
drawpixel(x,y) with color c

r‘




Triangle rasterization algorithm

for x in [x_min, x_max]
for y in [y_min,y_max]
= fpe (21?\ y) / Jbe (I ar Y a.)
B = fea(®,y)/ fea(Tb,yp)
Y = far(Z,y) / fab(Te, ye)
if (a« € [0,1] and 3 € [0,1] and 7 € [0, 1])then
c = acg + [fcy + yes
drawpixel(x,y) with color c

r‘

_all

<whiteboard>



Triangle rasterization algorithm

Optimizations!

for x in [x_min, x_max]
for y in [y_min,y max]

= fbc(xv y)/fbc(xaa ya)
B = fea(®,y)/ fea(Tb, Yb)

Y= fab(xa y)/fab<x07 yc)

if (¢ € [0,1] and 8 € [0,1] and ~ € [0, 1])then
c = acy + Bcg + yeo
drawpixel(x,y) with color c

r‘

_all




Triangle rasterization algorithm

Optimizations!

for x in [x_min, x_max]
for y in [y_min,y max]

= fbc(xv y)/fbc(xaa ya)
B = feal®,y)/ fea(T, Yp)

Y = fab(xay)/fab<x67y6)
if (¢ >0and g >0and~ > 0)then

c = aco + fcy + e
drawpixel(x,y) with color c

r"

_all

make computation of bary. coords. incremental
color can also be computed incrementally
don’t need to check upper bound



Triangle rasterization issues




Who should fill in shared edge!?




Who should fill in shared edge!?




Triangle rasterization algorithm

dealing with shared triangle edges C

for x in [x_min, x_max]
for y in [y_min,y max]

= fbc(xay)/fbc(waa ya)
B — fac(mvy)/fac(xbayb)

Y = fab(x7y)/fab(xcayc) a _ I"
if (« >Oand620and720)then
|f (v > 0 or fp.(a)fp.(r) > 0) and then

(3 >0 or f (b) fea(r) > 0) and
(v > 0or fap(c)fap(r) > 0)

C = QCy + Bci + yes
drawpixel(x,y) with color c




Graphics Pipeline (cont.)



Graphics Pipeline

CGeometric Pipeline

Transform =—® Project —® dip

Shenex Frame

application -  Pixel operations B  Raosterizer — g buff
program SRS

Pixel Pipeline



Transform

Geometric Pipeline

Project \—® dip

OpenG@ Frame

application -  Pixel operations > Raosterizer — g buffer
program

Pixel Pipeline



“Modelview’”’ Transformation

Object
coordinates

/

. l
L) .
1\

World
coordinates

Eye
coordinates

N 4
p <)
&




OpenG@
application
program

Project

Ceometric Pipeline

Transform

dip

- Pixel operations I

Pixel Pipeline

B Rasterizer -

Frame
buffer




Cli
Geometric Pipeline

Transform = Project

OpenG@ :
application > Pixel operations I B Rosterizer L pm bruc:fne?
program

Pixel Pipeline



Clip against view volume




Clipping against a plane

What's the equation for
the plane through q
with normal N? N

flp)=N-(p—-q)=0 °



Intersection of line and plane

o/ v/ £
P .q

b
N//
How can we distinguish

between these cases! / ®q
a



Intersection of line and plane



Intersection of line and plane

b
How can we find the N//

intersection point!?
®q
4

<whiteboard>



Clip against view volume

)

O

O"..Q
o

QJ

L =

ZZ 22

—c)
—a)
)

— a

(g -
-
- (
- (

D".-Q

need to generate new
triangles




Hidden Surface Removal

CGeometric Pipeline

/ Transform = Project —® dip \
Spone Frame

application -  Pixel operations = | Rasterizer — g buff
program SRS

Pixel Pipeline



Occlusion

“painter’s algorithm”
draw primitives in
back-to-front order

[Wikimedia Commons]



Occlusion

“painter’s algorithm”
draw primitives in back-to-
front order

problem:
triangle
Intersection



Occlusion

“painter’s algorithm”
draw primitives in back-to-
front order

problem:
occlusion cycle



Use a z-buffer for hidden surface
removal

test depth on a pixel by pixel basis

red drawn last

without z-buffer with z-buffer




Use a z-buffer for hidden surface
removal

at each pixel, record distance to the closest
object that has been drawn in a depth buffer

without z-buffer with z-buffer




Use a z-buffer for hidden surface
removal

ertex
Vertex | | | Operations
Evaluator
Data Primitive
Dispt Assembly o 2
—» Display Rasteriz- Framebuffer
| List —l ation m
Pixel » Pixel ‘
Dath = | Operations 1| Texture g
: Memory :
k diagram of OpenGL

without z-buffer with z-buffer




Use a z-buffer for hidden surface
removal

Previous Polygon New Polygon

Old Z-value _ 1
Graphics Memory

Z-Buffer

v

Frame Buffer
New Z-Value Change if
necessar

)
New Color Value / %

1

Previous Color Yalue

http://www.beyond3d.com/content/articles/41/




Backface culling: another way
to eliminate hidden geometry




Hidden Surface Removal in
OpenGL

glutInitDisplayMode (GLUT DOUBLE | GLUT RGB | GLUT DEPTH);
glEnable (GL DEPTH TEST);

glEnable(GL_CULL_ FACE);

For a perspective transformation, there is more
precision in the depth buffer for z-values closer to
the near plane



