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Abstraction Pipeline

Physical Mathematical Representation  Implementation

Concrete Abstract Discrete finite

* define a graphical object

* define warping and morphing
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Graphical Object

e Shape
« Geometry
« Topology

o Attributes

I  Properties I
e Color, temperature, texture, ...

Graphical Object
e Same shape (rectangle)

e Different attributes (texture)
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Graphical Object

Physical attributes
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Definition of a
Graphical Object

e Shape
UC R"

e Attributes
f:UCR" - R"

e Dimension of the GO




Image

f:UCR? = C
e Shape is arectangle

e Attribute is color

e Dimension =2

Audio

e Shapeisaninterval f:U C R—R

e Attribute is pressure

e Dimension =1



Solid (volumetric object)

fUCR" =R

e Shape is an spacial
domain

Attributes: density, ...

Dimension = n

Curves (Drawings)

e One-dimensional graphical
objects of the plane




Surfaces

e Two-dimensional graphical
objects of the space

Two-Dimensional Solids

2D graphical objects of the plane

Binary image
« Shape is the focus
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Animation

e Variation of a graphical object
along the time

O=(U,f),UcCR"

n \_{
©:la,bl x O = R - -
T Pes

time

Transformation of Graphical
Objects

e Transforming shape

e Transforming attributes




Transforming Shape

-

Transforming Attributes

e Texture transformation




Transforming
Shape and Attributes

Color and
e Geometry

Color, I
Geometry

and

Topology

Classes of Transformation

e Distance between points

+ Isometry |[T(X) -T(Y)[| = || X - Y]]

. Contraction [IT(X)=T{)[[<C[|X =Y,

« Expansion ||[T(X)-T(Y)||>C||X -Y]],




Classes of Transformation

isometry expansion contraction

e Change of frequencies

Mixed transformation




Our goal:
Continuous Deformation

Continuous Deformation

e Twist: Rotation angle increases
with height



Continuous twist

cos f(z) —sinf(z) O T
R(x,y,z) = | sin f(z) cosf(z) O Y
0 0 1

e Parameter space (z axis)

Families of Transformations

Graphical Object

********

Parameter Space



From families to animation

Warping and Morphing

I e Warping
« continuous family of transformations
of a graphical object

e Morphing (metamorphosis)

e warping between two graphical
objects




Warping and Morphing

e Warping
e Source object
 No target object

e Morphing
I e Source object I
« Target object

Warping

I e Continuous shape transformation
« Warp the object shape
« Change geometry and topology

e Continuous attribute transformation

« Change the attributes




Morphing

e Continuous shape blending

e Continuous attribute blending

Shape Warp

Source




Shape Blending

5%

Source Target

Linear Blending

I e A and B objects in avector space
ct)=(1-t)A+tB

c(0) =A, c(1) =8B

Functions (attributes)

Subsets of space (shape)




Bilinear Blending

e Trilinear blending

Affine blending

e Linear in barycentric coordinates

=y



Attribute Blending

LS
D_FO_ A3

e Linear Color Interpolation
(cross dissolve)

Shape Warp + Attribute S

Blending

TS S
g @ S

e Adaptive Color Interpolation




Some Guidelines for a good
morphing

e [eature preservation

e Smoothness preservation

I e Avoid linearities
« use adaptive methods

Aligning features
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Comparison
s X
\]

& &

e Feature alignment

e Adaptive color blending

Description of Graphical Objects
f:UCR" > RF
e Function description

« shape
e attributes

e Description methods
o implicit
e parametric
e algorithmic (virtual machine)




Unifying the problem

e Function description
« graphical objects
. Shape
. attributes
« Transformations
. warping
. morphing

Function description

e Spatial (time) domain

Variation of physical magnitudes



Spatial (time) domain

e Audio: (time, amplitude)

Function description

I  Frequency domain

amplitudeA

N

>

frequency

Occurrence of frequencies on the function




Frequency domain
Description

Function description

e time-frequency domain

A
frequency

>
>

time

e Frequencies on a period of time

e Uncertainty principle



Time-frequency domain
Description

Function description

e Time-scale domain

For each scale, describes frequencies
on a certain period of time




Time-scale description

scale increases

Conversion between
descriptions

e Function Transforms
e Fourier transform
« Window Fourier transform
« Wavelets
e etc.

e [nvertibility




Some Guidelines for a
good morphing

e Avoid linearities (adaptiveness)

e Bilinear map of chessboard

Some Guidelines for a
good morphing

Avoid linearities

Projective mapping of chessboard




Yet another example:

Better advice

I e Keep linear morphing as an option

e Effectiveness of linear morphing
 Depends on the objects
« Depends on the description of the objects
. Audio
. Animation




Linear warp of audio

e time domain

Linear warp of audio

e frequency domain




Linear warp of motion

e Animation: one-parameter family
O =(U,f),UcCR"

©:la,b] x O — R"

Motion paths
e Spatial variation of samples

e Motion warping




|
Motion Warping
e Andrew Witkin and Zoran Popovic

Motion Warping.
SIGGRAPH ‘95 Proceedings

Motion of articulated body

e Hierarchy of joints O
* jl’jZ’ ""jn
e Joint motion

e translation
e rotation angles




Joint motion
‘ Z

e Joint j, X%

: y
e Joint angles
o

Qm“) — (‘9;:7?/ (t)a Q;Jn(t)v ‘9?}@))

Human body motion

e periodic motion of joints
« Fourier description

Om(t) = am, + Z U SIN(NE + Q)

n>1

o(t) = by, + Z binn SIN(NE + B

n>1



Linear motion blending

cmo(s) = (1 — 8)amo + Sbmo
Cmn(S) = (1 — 8)amn + Sbmn
émn(s) — (1 — S)an + Sﬁmn

h(s,t) = cmy, (s +—§£:CW”l )sin(nt + ¢mn(s)) I

n>1

Linear motion blending

e interpolation
e O<s<l1

e extrapolation
e s<0
e s>1
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Where to go?

Physical Mathematical Representation  Implementation I

Concrete Abstract Discrete finite

e Graphical objects

e Transformations




Representation of Graphical Objects
and Transformations

e Representation of functions

Function : Function
Description Representation

Continuous Discrete

Represent shape




Represent attributes

e Quantization

e Computation

e Perception

Represent transformations

I e Warping and
Morphing

e Motion paths

e Time discretization




Unifying the problem

e Graphical objects
e Transformations

e Study of functions
I « function description I
« function representation

Representation and Reconstruction

Continuous

Representation @ ﬁ Reconstruction

Discrete




What does Reconstruction buy?

e User interaction
e visualization
« audio playing

e Operations
e warping
« morphing

e Specification

Representation and
Specification

User ED Function E; Continuous
Specification Representation function

e Specification of graphical objects

e Specification of transformations



-
Function Representation

e function decomposition

e Dictionary

J = ZCAQA’ gy €12
AeA

Representation and Reconstruction

fH{C)\}a NeA

;= ZcAgA’ gy €2
AEA

e Reconstruction «<— Interpolation




Point Sampling

Point Sampling

e dictionary functions: Dirac delta
o (t —t;)

e Dirac delta decomposition

£t) = / FO8(t —t))




Representation and Reconstruction

e Exact representation
e recover the geometry
e recover the attributes

e Non-exact representation
« different flavors
. approx. geometry + same topology
. approx. geometry + different topology

Shape Reconstruction

e geometry and topology




Shape Reconstruction

e |inear and cubic reconstruction

O

Polygonal B-Rep

I e Point sampling
e Piecewise linear reconstruction




Matrix Representation

e Uniform decomposition (grid)

A

* images

d

e volume data

Rasterization

Computation of the matrix
representation

e grid definition
« attributes computation
e uantization

Spatial resolution

Attribute resolution
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Matrix Representations

Gontinuous Universe

Discrete Universe

Reconstruction
Discretization

Problems of Function Representation

=260, 9,9
AEA

Define the function space
Define the dictionary
Construct the dictionary

Compute the coefficients




Problems of Function Reconstruction

[=).¢0, 9,9
AEA

Define reconstruction basis

Infinity elements on the basis
Basis function extends to infinity

Representation not exact

Point Sampling
(..., t—1,to,t1,...)

f'_> ("'7f(t—1):f(t0)7f(t1)7"'




Point sampling: Aliasing

Aliasing Artifacts




Aliasing and Reconstruction

Average Sampling

e dictionary functions g (t)

e average decomposition

F(te) = / F(E)gn(8)dt




Average sampling

e Low-pass filtering
« eliminate high frequencies

e Point sampling

Average Methods

e Box average

\
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fte) = /R £ () gn () dt




Average Methods

e Triangle average

\y
Fit) = [ fOanar

Higher Order Averages

e quadratic

e cubic

e Gaussian, ...

A

AN




Other Representations

e Different descriptions
e Time-frequency
e Scale-frequency

Wavelets

Transforming Graphical Objects
e Resampling

. :
' resampling

.i ™ ,,.—ar"»r.m.‘“’"' o
1 reconstruction

=




Object Resampling

resampling et et
=

original object final object

b =l v ol

reconstruction warp filtering

Some Guidelines for a
good Morphing

e Topology preservation



Some Guidelines for a
good Morphing

Monotonicity

Some Guidelines for a good Morphing

e Use of transformation groups

Projective warping




Some Guidelines for a good Morphing

e Slow-in and slow-out

Some Guidelines for a good Morphing

e Avoid leakage

Warping with leakage Warping the foreground
to avoid leakage




