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Basic vector math Transformations

A vector: A transformation matrix:
a=[zyz
11 T21
T2 T2 I

= = T WD
@-b=all||b|| cos 18 =28
T14 T4

Dot product:

Cross product: A 4D vector:
i=lzyzw

A point has w # 0 and a vector has w = 0.
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Transformations Transformations

Transformation of a vector or a point: Translation:

b=T-a
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Transformations
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Transformations

ufl} IUT
Uy vy wy 0
u, v, w, 0

0 0 0 1

T:

uvw form a basis for the transformed coordinate
system.
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Simple orthographic projection

Project box with corners b and i’
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Transformations

Rotation:
cosf) —sind
Ty — sinf cos@

= 0 0
0 0
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Windowing transform

Map [-1,1] x [-1,1] x [-1,1] to a screen with
ng, X n, pixels.
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Orthographic view projection

Camera position: €
Camera direction: d
Camera up: u,

Orthonormal basis:
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Orthographic view projection
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Complete transform

T,, is the model transformation

To transform a vertex v

v, =TV

Final pixel position: (i, )

= =
Yhyaw’ Yhyw
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Line drawing

Given 2 points (x, yo) and (x1,y1) draw a line
between them such that there are no holes in the
line.
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Perspective transform
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A Visual Break
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A 2D line

y=ar+b
a is the slope of the line.
What if z = const ?

ay+bxr+c=0
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How to compute the line

Given (zo, 1) and (1, 1)

axyg+bxzg+c=0
axy1 +b*xx1+c=0

i-lzyl+c=0
i = [(yo — 1) (21— m9))]
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Bresenham’s algorithm

J. Bresenham
“Algorithm for Computer Control of a Digital Plotter'
IBM System Journal, pages 25--30, 1965
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Drawing the line

y=y0

for x=x0 to x1
putpixel (x,y)
if (d<0)

y=y+1
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How to compute the line

(o —y1)x + (1 — w0)y +¢c=0

(Yo —y1)x + (21 — x0)y + o — Yox1 =0
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Drawing the line

Split domain into four quadrants.

The following assumes that:

r1 >z and (21 — o) > (y1— yo)
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Drawing the line

d is the location of the next pixel compared to the line.

d = f(z+1,y+0.5)
= (yo—wy1)(x+ 1)+ (z1 — o) * (y + 0.5) + Toy1 — Yor1
2(yo — 1) (x + 1) + (21 — o) * (2y + 1) + 2201 — 2y021

Only integers !
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Triangle rasterization

Given a triangle with corners (zg,vo), (z1,v1), and
(w2, y2) draw a filled triangle (rasterize it).
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Shirley's method

compute minx, miny, maxx, maxy
for x = minx to maxx
for y = miny to maxy
if (x,y) is in triangle
putpixel( x, y )
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Scan conversion (top friangles)

1 — Xy

Y1 — %
T2 — Zo

Y2 — Yo

dmleft =

Az, ght =
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Triangle rasterization

Scanconversion
Active edge lists

Incremental updates
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Scan conversion (top friangles)

xleft = xright = x0;

for y=y0 to yil
drawline( xleft, xright, y )
xleft += dx_left
xright += dx_right
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Scan conversion general triangles

Break triangle into a fop and a bottom triangle
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Interpolating depth, colors etc.

Perspective corrected interpolation

tl1 =0

dtl = 1.0/(y1-y0)

t2 =0

dt2 = 1.0/ (y2-y0)

for y=y0 to yl
interpolate( value_left, yO, yi1, t1 )
interpolate( value_right, yO, y2, t2 )
t1 += dti
t2 += dt2
drawline( value_left, value_right,

x_left, x_right, y )
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Perspective corrected interpolation

uz = ul0/z
duz = (ul/z - u0/z) / (y1-yO0)
1/z0
dzz = (1/z1 - 1/z0) / (y1-y0)
for y=y0 to yil
u=uz / zz
uz += duz
zz += dzz
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Triangle edge:
aTper + OYper +¢ =0
Perspective projection:
Tper R kg

Triangle edge corresponds to:

ake+bkL+e=0
z z

CSE168: Rendering Algorithms

Neighboring triangles

Use fixed convention (e.g. top-left)

y_top = ceil(y0)
y_bottom = ceil(yl) - 1

drawline( xleft, xright, y ) {
for x = ceil(xleft) to ceil(xright)-1
putpixel (x,y)
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Polygon rasterization

Keep track of multiple edges

Break into triangles
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Rasterization of 3D friangles Hidden surface elimination

Convert vertices to 2D screen coordinates Robert's algorithm
Eliminate hidden surfaces Warnock's algorithm
Clipping Weiler-Atherton
Rasterize Catmull's algorithm

Z-buffer
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The Z-buffer Next time

Keep a float (z-depth) at every pixel Ray tracing

plot(x,y,z)
{
if (z < zbufferl[x,yl)
{
putpixel(x,y)
zbuffer[x,y] = z
}
}
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