cheap tricks

* texture mapping

* procedural texture mapping
* bump mapping

* transparency mapping

+ depth of field

* lens effects

+ jittering

+ soft shadows

texture mapping

“glue” image to surface

steve yan,
fall 2001

drew levin,
fall 2001

texture mapping

surface £ texture (digital image)

=

P

f(p): coordinates in the texture map
corresponding to surface point p

texture mapping triangle

Input specifies texture
coordinates of triangle
vertices




texture mapping triangle

surface texture (digital image)

is f(p)?

triangle: parametric form

a point q on the triangle T can be uniquely represented as
q=fo+pu+yw where 20, 120, +y<1

T2

to t

computing f(p)

surface texture (digital image)
TZ

to u it

compute f(u) = f(t,)-f(t,) and f(w)=F(t,)-f(to)

computing f(p)

surface texture (digital image)
T2

fo u 1

compute f(p) = f(to)+pf(u)+vf(w)

texture mapping triangle

surface texture (digital image)

i W

What is image color at f(p)?

Need to resample! For your ray tracer use
bilinear interpolation.

using the color

surface texture (digital image)

r.g.b of texture at f(p):

1. use as pixel color

2. use as diffuse and specular
coefficient of surface at p

3. use as diffuse coefficient of
surface at p




texture mapping sphere

parameterization

e.g. latitude/longitude

HN

—

NEES

a point p on the surface can be
represented relative cand r, t,u

parameterization

p-c=oar+pt+y

parameterization

p-c=or+pt+y

where

a=r cos(ep)cos(¢P)
p=r cos(ep)sin(d;p)
y=rsin 0,

texture mapping sphere

N

[ [e]
f(p) = (wo, /360, ho, /360) where the the angles are in
degrees and w, h are the image width and height in pixels

as before

* resample image
- use color as ...




problems 3d textures

* given p compute ¢, 6

you can do that!

* poles _
test for pole and use default texture coordinate use stack of images

* seams

+ use good textures .

how do we generate these images?

+ overlap & blend or mix

+ don't look there

+ 3d textures
cheap tricks procedural texture mapping
+ texture mapping * procedure returns a texture color for
- procedural texture mapping any point in 3d space (note this is not
- bump mapping an image stack)

* transparency mapping
+ depth of field

* lens effects

+ jittering

+ soft shadows

- sample to find texture for surface

procedural textures

- advantages
- don't need to find a mapping from a
(complex) 3d surface to a 2d texture
image
- concise representation of texture
+ disadvantages

- ad hoc techniques cannot duplicate
photographs

adrian mettler, spring 2003




perlin noise - 1D example

step 1: generate discrete noise function with specified
length, amplitude, sampling frequency

example: length=8, amplitude = 3, sampling frequency is 7 Hz.

3r,
3
seed random number | o M. -/ 7 o
P — °
generator ° ° o
r;[0,1]
L] L]

perlin noise - 1D example

step 2: interpolate with smoothing

perlin noise - 1D example

step 3: repeat with various amplitudes/frequencies

step 4: add together

perlin noise - 2D example

for more info see Perlin Noise link on proj2 web site

cheap tricks

* texture mapping

+ procedural texture mapping
+ bump mapping

* transparency mapping

+ depth of field

* lens effects

+ jittering

+ soft shadows

creating bumpy surfaces

adrian mettler,

spring 2003




bump mapping vs texture mapping

* bump mapping effects change with
lighting changes

+ texture mapping is computationally
easier

displacement mapping

displacement map=height field

surface
TR
q=p+f(p)n
bumpy
surface

displacement mapping

bumpy
surface

where is intersection?

bump mapping intuition

a surface appears to have a bump
surface
- jagged silhouette
- surface normals fluctuate across
surface

simulate this by
perturbing normals in the
lighting calculations

bump mapping

surface bump map = heig

ht field

use regular surface T
but normal of bumpy

surface

n TN

n,

bumpy Z Bq = pef(pn
surface

we'll assume our bumpy
surface is locally smooth so
normals are well-defined

bump mapping

n
bumpy~ P v,
surface
Vi

computing n,:

1. find vectors v, and v; in plane tangent to bumpy
surface at point q

2. nz (voxv)/lIvox vyl




find vectors in tangent plane

take partial derivatives of Q in two directions

Ad what directions?

Q+A

(0,0,0)

find vectors in tangent plane

take partial derivatives of Q=P+f(P)n in two directions
dQ/du = dP/du + d[f(P)n])/du

2d parameterization of original surface

P9) p(B)

q what directions?
f(P)n
p
P
(0,0,0)
parameterization

parameterization

LB = 1o+ Blti=tg) +7 (119 |

to *

2d parameterization of surface

w= direction
u= direction of constant ¢ of constant y
p(9,0)
p(B.y) | ®
u=direction of
on of constant 6 constant B

note: by direction we mean a unit vector




parameterization

u = (t-t)/| ITq-TOII -- this is a little different than
our parameterization for triangle intersection

T2

P(B.Y) = to+ B(H-1o) +v (to-1o)=
to+ Bu+y'w

to 1

2d parameterization of surface

p(uw)

(u,w)

(0,0,0)

find vectors in tangent plane

take partial derivatives of Q in two directions

su_ q(uw) what directions?

ans: u,w

Q(u,w)+3u

(0,00

find vectors in tangent plane

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(uw) with respect to uw

£(uw) n(uw) \\

find vectors in tangent plane

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(u,w) with respect to uw

Q, =P, + [df(uw)/duln(uw) + f(uw)dn(u,w)/du
Q, = P, + [df(uw)/dwin(uw) + f(uw)dn(uw)/dw

find vectors in tangent plane

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(uw) with respect to uw

Q= +  |[df(uw)/du] [n(uw) + f(uw)|dn(uw)/du
Q, = + |[df(uw)/dw]|n(uw) + f(uw)|dn(uw)/dw

We can compute P, and P, for our
surfaces.




triangle: parametric form

Py = limy 10 [ (to+ B'Gu + u) +yw) - (to+ Bu+yw) I11sull =p'u

T2

to 1

reminder: u = (t;-1o)/|It-tol | and w = (+,-1,)/ | [1,-1,l |

find vectors in tangent plane

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(uw) with respect to uw

Q,= +  Ndf(uw)/du] fn(uw) + f(uw)|dn(uw)/du

Q,= +  J[df(uw)/dwlinuw) + f(uw)|dn(uw)/dw

how does bump change with

respect to changes in u and w?

bump map derivative

convolution kernel

110 |1 1111
110 11 0010
110 |1 -11-1)-1
change inu change inw

find vectors in tangent plane

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(uw) with respect to uw

Q= +  J[df(uw)/du] In(uw) + f(uw)|dn(uw)/du
Q, = + M[df(uw)/dwiin(uw) + f(uw)|dn(uw)/dw

T

we'll call these scalars b (uw) and b, (uw)

find vectors in tangent plane

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(u,w) with respect to uw

Q,= buw)n(uw) + f(uw)fdn(uw)/du
Q,= b, (uw)| n(uw) + f(uw) dn(uw)/dw

how does normal change with
respect o changes inu and w

we'll ignore this because
(a) itis small,

(b) it is computationally difficult, and
(c) results look ok if we do.

find vectors in tangent plane

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(uw) with respect to uw

Q= P, +  byuw) n(uw)
Q,= P, + b,(uw) n(uw)

we can do this!




bump mapping

bumpy~, "l v,
surface
A1

computing ng

1. find vectors vy and v, in plane tangent to bumpy
surface at point q

2. ngz (Vo x vi)/lIvox vyl

take the cross product

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(uw) with respect to uw

.+ byuw) n(uw)

Q,= P
Q,= P, + b,(uw) n(uw)

take cross product

Q, xQ,=P,xP, +
b,(uw) P, x n(uw) + b,(uw) P, x n(uw) +

n(uw) x n(uw)

take the cross product

take partial derivatives of Q(u,w)=P(u,w)+f(uw)n(uw) with respect to uw

Q= P, + byuw) n(uw)
Q= P, + by (uw) n(uw)
take cross product

QX QP xP,+

b,(uw) P, x n(uw) + b,(uw)P, xn(uw)+

nuw) X nuw) |0

Computation

Q, xQ,= (P,x P)+b,(uw)P,xn(uy) +b,(uw)P, xn(uyv)

1. Compute derivatives of surface P,
and P,

2. Compute derivates of bump map
by(u,v) and b (u,v)

3. Take cross products and add

2d parameterization of surface
bump map = height field

surface

B
(uv)

bumpy Z Bq = pef(pn

surface

we'll assume our bumpy
surface is locally smooth so
normals are well-defined

cheap tricks

texture mapping

+ procedural texture mapping
* bump mapping

* transparency mapping
+ depth of field

+ lens effects

+ jittering

+ soft shadows




cheap tricks

cheap tricks

* texture mapping

* procedural texture mapping

* bump mapping

* transparency mapping

+ depth of field

* lens effects _
+ jittering

+ soft shadows

* fexture mapping

+ procedural fexture mapping
* bump mapping

* transparency mapping

+ depth of field
+ lens effects
+ jittering

+ soft shadows

cheap tricks

jittering: antialiasing technique

* texture mapping

* procedural fexture mapping
+ bump mapping

* transparency mapping

+ depth of field

* lens effects

+ Jittering

+ soft shadows

Run rt for example

Jittering: anti-aliasing technique

cheap tricks

+ cast several ray
through pixel
neighborhood into
scene

- for each:
- find infersection point
(if any) that is closest
to eye
- compute luminance at
intersection
+ compute average
luminance

+ texture mapping

+ procedural texture mapping
* bump mapping

* transparency mapping

+ depth of field

+ lens effects

+ jittering

+ soft shadows




soft shadows

run rt for examples

soft shadows

use jittering in occlusion test

ray tracing

+ simple ray casting

* recursive ray tracing
* modeling transforms
* cheap tricks

* optimizations




