Computer Ani



Interpolation based anim

Key-frame systems — in gene

Interpolating shapes
Deforming an si



Keyframing - interpolat
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key frame key frame

Simple key frames in which each curve of a frame has the same number of points as
its counterpart in the other frame
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Keys and three intermediate frames with linear interpolation of a single point {with reference
showing the progression of the interpolation in x and )




Keyframing

keys, In-bet
track-b

variable name: A

value W

0 5 10 15 20 25 30 35 40 45 B0
frames




Keyframing curves




Time-Curve interpol

Implement using surface

Frame f1 Frame f2



Time-Curve interpol



Time-Curve interpolati

Define time — space-cur



Object interpolation

Correspondence proble
Interpolation proble

1. Modify shape of obj
vertices of differ

2. Interp



Object Modification

Modify the vertices directly

OR

Modify the space t
vertices lie In



Warping




Power functions
For attenuating war
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2D grid-based de
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local x

global x




2D grid-based defor
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2D grid-based de




2D skeleton-bas







2D skeleton-bas




Global Transformations

Common linear transfor



Global Transformations
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Tapered object

Drigin al object
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Global Transformati

Z above z_.. : rotate O

min-

Z between z_;
Rotate from




Compound global transformatio
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Free-Form Deformations (FF

2D grid-based deforming



Free-Form Deformations

Embed object in recti




Free-Form Deformations

Register points in
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Free-Form Deformations

As in Bezier curve inte
Continuity controlled by copl

Colinear control points

Common boundary plane



FFDs: alternate grid or




FFDs: bending




FFDs

hierarchical




FFDs - as tools to

Undeformed object Deformed object



FFDS Animate by passing over objec
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FFDs

Animate by
passing object
through FFD
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Object traversing the logical FFD coordinate space Object traversing the distorted space



FFDS Facial animation by mani




FFDs

Exo-muscular system
Skeleton -> changes FFD ->

__________

Initial configuration
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Surface distorted after joint articulation




Interpolate between 2 objects

Correspondence problem: what part of one obj
map into what part of the other object

How to handle objects of differen
Volumetric approaches with r

Some surface-based a
Slice along one di
Map both to s
Recursivel




Object interpolation

For cylinder-like

Orientation vectors

Central axes



Radial mapping




Object
interp \/
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Sampling Object 1 along rays Sampling Object 2 along rays

]

Points interpolated halfway between objects Resulting object



Object interpolation



Object \ /
interp
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Sampling Object 1 along rays Sampling Object 2 along rays
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Points interpolated halfway between objects Resulting object



Original shapes sliced into contours

Interpolated shapes




Object interpolation

Spherical mapping to establis
matching edge-vertex top

1. Map to sp



Map to sphere

partial mesh from
Object A

. J E 0N partial mesh from
> ! ’ Object B




Object
interpolation



B's intersections
connected
inside A

Vertices of

triangle A
insidﬂ of B By a point By an edge
No vertices
A
B
One vertex

Two vertices

not possible with
triangles



Object interpolation - recursive sheet




Object interpolati




.

O First vertex of boundary

Normalized distances Normalized distances
0 0.00 0 0.00
1 0.15 1 0.30
2 0.20 2 0.55
3 0.25 3 0.70
o 0.40
5 0.70

Boundary after adding additional vertices




Morphing

Image blending
Move pixels to c
Blend colors




Morphing

e Nt

Image A with grid points and curves defined  Image B with grid points and curves defined



Source image Destination image

o

Interpolate intermediate
grid for time T

Morphing

Warp source image to Warp destination image to
intermediate grid intermediate grid

M

Cross-dissolve
the two images




Morph

use x-coordinates Intermediate grid
of these points

Source image grid

use y-coordinates
of these points

lo o {

source image grid point
® Q
L ?©° o
O+—0
auxiliary intermediate
grid point grid point o—0o—0 O
Auxiliary grid

Details showing relationship of source image grid point,
intermediate grid point, and auxiliary grid point



Source image grid Auxiliary grid
o 1 2 3 [V 2 3

Morphing

scanline

grid coordinates
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pixel coordinates
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grid coordinates
grid coordinates

0123458678... 012345678...
pixel coordinates pixel coordinates
pixel coordinate to grid coordinate pixel coordinate to grid coordinate

graph for source image graph for auxiliary image

e
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012345678... 012345678...

Use the graph to see where the column Use the graph to determine the image pixel's

indices map to image pixels. (Here, half of range in terms of the column indices

pixel 3 and all of pixels 4 and 5 are useful) (pixel 6 is shown)




Auxiliary grid Intermediate grid
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Use row index coordinates to For a given pixel in the intermediate

determine the pixel coordinates image, determine the coordinates

in auxiliary image in terms of row indices




Morphing

Source image sequence

key grids

interpolated

Destination image sequence

—1 intermediate grid
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interpolated
grid

key grids



Morphing: feature based

Given: corresponding user-defined feature
lines in source and destination images

Rick Parent Computer Animation



Morphing: feature based

Locate each pixel relative
line in source and desti
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Source image and feature line Intermediate feature line and

Morphing:
feature

resulting image

based

First example

Source image and feature line Intermediate feature line and
image

resulting

Second example




