Computer Animation
Lecture 4.

Rigging / Skinning

Taku Komura

Skinning

* Now the motions of the skeleton is
determined

* The character’s skin must deform
according to the motion of the
skeleton

* This process is called skinning

Rest Pose

 Skinning frameworks define the skin’s
movement as a function of the underlying
skeleton.

 In addition, some frameworks use the
geometric information of a single pose, called
the rest pose.

Background

¢ A homogeneous transformation matrix (4x4) is
defined per bone that converts local coordinates to
world coordinates
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For Euler angles in the order of x, y, z, the matrix can be computed by

Rot,(f)- Rot, (/) - Rot,(x)




Quaternion matrix conversion

» A quaternion (x,y,z,w) can be converted
into a matrix below

1-2y2 - 222 2xy + 2wz 2xz - 2wy
axy - 2wz 1-2x2 - 322 2yz + 2wx

2xz + 2wy 2yz - 2wx 1-2x2 - 2y2
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Example

RiTiRzT2Ravs= v

* A body composed of three segments

« Avertex v defined in a local coordinate system of
segment 3

« lIts global position *v is computed by the above equation

Rest Pose to Bone Coordinate

« the global position of a particular vertex, v, in the
rest pose is written asV

e The transformation matrix associated with bone i
in its current pose is called M, and the
transformation of the same bone in the rest pose
is written as |\7|i &

Rest Pose to Bone Coordinate

« for each bone, i, the position of the vertex in the
rest pose is first transformed from model
coordinates (V) to bone coordinates (¥) by
applying the inverse of the rest pose bone
transformation:
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Bone Coordinate to World
Coordinate

* The vertex in bone coordinates, \/I is then
transformed back into world coordinates by
applying the transformation of the bone in its
new skeletal configuration:

v, =M = MM

Linear Blending

¢ Linear Blending determines the new position of
a vertex by linearly combining the results of the
vertex transformed rigidly with each bone.

¢ A scalar weight, wi, is given to each influencing
bone and the weighted sum gives the vertex’s
position, v, in the new pose, as follows:

b . b
V= wMM w =1
i=1 i=1

b is the number of bones influencing the position of v




How to decide the weights?

Decide the mapping of the vertex to the bone
— If vertex v is in the middle of bone i, then w =1and for the rest
w;,; =0
— If the vertex is near the border of bone i and i+1, wi will
gradually decrease to 0 and wi+1 will gradually increase to 1

— If the vertex is affected by more than three bones, the weight
can be determined according to its distance to each bone
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Problems with Linear Blending
» The meshes exhibit volume loss as joints are
rotated to extreme angles.

» These are called “joint collapse” and “candy
wrapper” effect

e These undesirable results occur because of a
lack of flexibility in the framework.
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How to solve candy wrapping?
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« Add additional joints that half interpolate the rotations
« Each joint should be only rotated a little, not reaching the

extreme angle
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Deciding Parameters from
Examples
* Instead of tuning the parameters, we

can let the system learn them from
examples

* Alex Mohr and Michael Gleicher
[SIGGRAPH'03]

Automatically computing
weights

 Train such that the weights provide the closest
possible geometric fit to a training set of
example poses.

 This system is then solved to find the unknown
weights.

* As this system will likely be over-constrained, it
is solved in a least-squares sense to provide
the closest approximation to the examples.

Deciding Parameters from
Examples
* As there is no rest pose model, V are
unknown
* We also don't know the weights — this is to
be learnt

+ We have the example vertex positions Ve
for different poses j
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How to solve volume loss?

» Add an extra joint that is responsible for
scaling
— Bulging the biceps when the elbow is bent
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Demo movie

Multi-Weight Enveloping

» Adding more degree of freedom to the
transformation matrix

Woo, Moo, Wo1,Mor,
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« Different weights for different elements

» Weights again computed from the examples
* Wang and Phillips [SCA’'02]

Automatic Rigging

» How can we automatically compute the
skeleton from the polygon data?

e Can make use of the medial axis/surface

* Medial axis is where the distance to the
surface is C1 discontinuous

Automatic Rigging

« For 3D we have medial surfaces
« Sort the surface points in the order to the surface
« Farthest from the surface first

< Do not fist spheres if the center is already included in other
spheres

« Generate a graph by connecting the spheres which overlap
« Fit the provided skeleton model into the graph

http://www.youtube.com/watch?v=EkizamitEgM
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Assignment

e armaz2.obj: includes the vertex information

e Attachment.out : include the weights for all
the vertices

» Skeletonl.out : the location of the joints of
the character at rest pose

Skeleton.out

0-0.0881862 -0.223678 -0.929536 -1
1-0.566275 -0.541542 -0.899938 0
2-0.616166 -1.19613 -1.0551 1
3-0.614267 -1.74914 -1.16717 2
4-0.86033 -1.84008 -0.670307 3
5-0.0871545 0.0924213 -0.927642 0
6-0.0640778 0.577047 -0.846801 5
7-0.113935 1.09478 -0.921801 6
80.267937 0.551273 -0.789762 6
90578372 0.536381 -0.666565 8
100.824687 0.573724 -0.517252 9
111.07611 0.735785 -0.0939775 10
12 1.21808 0.700675 0.158607 11
13-0.370623 0.532531 -0.852921 6
14 -0.675322 0.48007 -0.770522 13
15-0.936812 0.474334 -0.677436 14
16 -1.26404 0.784372 -0.351252 15
17 -1.45527 0.892911 0.0528238 16
180.3686 -0.428869 -0.978191 0
190.617329 -1.04685 -0.899962 18
200593214 -1.71593 -1.08845 19
210.982818 -1.82164 -0.622992 20

" attachment.out
Neights for

el 0000000 00 0.0002 0.0173 0.9825000000000
erex2+~0 00000000 0.00020.017 0.982800000000 0
+~0000000000.00020.0171 0.9827000000000
« 0000000000.00020.017 0.982800000000 0
« 0000000000.00020.0292 0.9705000000000

!

Weights for bone 1

ertex3

Weights for bone 2

Anatomical models

Model the body by
— Muscles

— Fat

— Skin

Method

1. When the joints are bent, the muscles
contract

2. The distance between the origin and
insertion point decreases

3. The volume of the muscles are kept the
same, so they pump up

4. The skin is deformed to cover the
muscles

Summary

» Skinning
— Linear Blending
— Example-based methods
— Anatomical models




Readings

Spacetime constraints
* Andrew Witkin, Michael Kass, Spacetime constraints , SIGGRAPH 1988

¢ Liu, C. K. and Popovi;5 Z. Synthesis of Complex Dynamic Character Motion from
Simple Animation (ACM SIGGRAPH 2002 )

Skinning
« A Comparison of Linear Skinning Techniques for Char acter Animation
Afrigraph 2007
* Multi-Weight Enveloping: Least-Squares Approximatio n Techniques for Skin
Animation
— Wang and Phillips, SCA 02
— http://portal.acm.org/citation.cfm?id=545283

* Guessing the weights from examples
— Alex Mohr Michael Gleicher Building Effcient, Accurate Character Skins from
Examples. SIGGRAPH 2003

« Automatic Rigging and Animation of 3D Characters llya Baran Jovan Popovi’c,
SIGGRAPH 2007

«  http://www.mit.edu/~ibaran/autorig/pinocchio.html




