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Skin deformation
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Skeleton based deformation - Skinning

Objective: Deform articulated character
Idea: Use skeleton to control limbs
Articulations as rotations

Animation Skeleton
Set of frames M, position, orientation
Describe non-rigid parts of the character (dof)

Terminology
Joint = A frame M;
Bone = Segment between two joints

Note: Animation skeleton = Anatomical skeleton
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Rigid Skinning
Attach rigidly subset of vertices to specific bones, described by its root joint/frame.
Vertices are following rigid deformation of their associated frame.

Deformation formulation
Consider, at rest pose/initial state/Bind pose

- A frame MV ?
- A vertex v° attached to this frame MO
o .—)
After deformation
- New frame M 'l' °fUO o\ M
- New vertex position v v
®

Question: What are the new coordinates v w/r M, M, v ?
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Rigid Skinning
Attach rigidly subset of vertices to specific bones, described by its root joint/frame.
Vertices are following rigid deformation of their associated frame.

Deformation formulation
Consider, at rest pose/initial state
- A frame M"
- A vertex v° attached to this frame
After deformation
- New frame M

- New vertex position v

05

Question: What are the new coordinates v w/r M, M, v
vY and v have similar local coordinates w/r to M and M

= M1y = (MO)_l’UO
=v=M (MO)_l’UQ = T vy
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Rigid Skinning
(+) Skeleton is easy to build
(+) Skeleton interaction is intuitive to model rigid articulation

(-) Discontinuities/Inter-penetrations

Idea of smooth skinning: Blend discontinuous transformation around articulation
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Smooth skinning

Linear Blend Skinning (LBS): Linear interpolation of positions between associated frames

Example at middle vertex position of a bending cylinder

p=0.9pp + 0.9 P2
p=0.5M; (M) ' p® + 0.5 M,y (M) ! p°

N’ N’
T1 T2

p=(0.5T; +0.5T5) p°
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Smooth skinning

Linear Blend Skinning (LBS): Linear interpolation of positions between associated frames

Example at middle vertex position of a bending cylinder

p=0.9ppp1 + 0.5 ppo
p=0.5M; (M) ' p® + 0.5 M,y (M) ! p°

N’ N’
T1 T2

p = (0.5T; + 0.5T,) p°

Can be generalized to arbitrary interpolation between two bones

p=app + (1 —a)pp = (aT1 + (1 —a)Ty) p

«:: skinning weights

Can be generalized to any number of bones

N-1 N-1
p:Zajp|bj: ZajTj |, Zajzl
7=0 7=0 J
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Smooth skinning - Summary

N-1 N-1
_ 0 __
Pi = E :a’ijTj P; = E :a’&J
7=0 7=0

Y N-1
Vi, o € 0,1}, and ijo ;=
Mg: Bind Pose

The current standard for almost all articulated
character deformations
- Intuitive deformation
- Controlable shape (through weights)
- Fast to compute (GPU compatible)
matrix average, multiplication matrix-vector
— Heavily used in Animation cinema & Video Game

[Joint-Dependent Local Deformations for Hand Animation and Object Grasping. Nadia Magnenat-Thalmann, Rochard Laperiére, Daniel Thalmann.
Graphics Interface, 1988]
[Over My Dead, Polygonal Body. Jeff Lander. Game Developer Magazine, 1998] 9/19
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Skinning weights

How to generate skinning weights ?

. o S NP 1
- Paint them manually ex. Using cartesian distances: ¢y = d; ~/(d; = + d5 )

- Automatic computation

s
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Rigging: Associating bones and skinning weights (or any animation handle) to mesh parts
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Skinning: File Format

Unfortunately few standard open format to store skinning animation data
Main open format: Collada (XML), gITF (JSON)
Common software related formats: FBX, Blend, 3DS, ...

[krissie Maya 7.0 | ColladaMaya v2.04 | FCollada v1.14 Collada Maya Export Options: Pretty-print (]
bakeTransforms=0;exportPolygonMeshes=1;bakeLighting=0;isSampling=0;
curveConstrainSampling=0;exportCameraAsLookat=0; exportLights=0;exportCameras=1;exportJointsAndSkin=1; { ,
exportAnimations=1;exportTriangles=0;exportInvisibleNodes=0; mages L g
’ > > url":"MarineCv2 color.jpg",

exportNormals=1;exportTexCoords=1;exportVertexColors=0;exportTangents=0; "uuid":"1F3E9ALC-DDD2-3F4D-80C1-BC5F609DC23B",
exportTexTangents=0;exportConstraints=0;exportPhysics=0;exportXRefs=0; "name":"MarineCv2 color.jpg"
dereferenceXRefs=0;cameraXFov=0;cameraYFov=I file://E:/maya_projets/girafe skin/scenes/giranitex 33 bak3.ma Iy .
2008-04-16T21:56:42Z 2008-04-16T21:56:42Z' Y _UP 0.040000 0.080000 0.120000 0.160000 0.200000 0.240000 0.280000 "geO{?itf;f?jjée[ ({3 I
0.320000 0.360000 0.400000 0.440000 0.480000 0.520000 0.560000 0.600000 0.640000 0.680000 0.720000 0.760000 B S SFDC-0A89-80A1D2BCEOAF"
0.800000 0.840000 0.880000 0.920000 0.960000 1.000000 1.040000 1.080000 1.120000 1.160000 1.200000 1.240000 ndatan: |
1.280000 1.320000 1.360000 1.400000 1.440000 1.480000 1.520000 1.560000 1.600000 1.640000 1.680000 1.720000 "uvs":[[0.270354,0.313478,0.271947,0.319847,0.275729,0.309655,0.274243,0.3087,0.272832,0.3
1.760000 1.800000 1.840000 1.880000 1.920000 1.960000 2.000000 2.040000 2.080000 2.120000 2.160000 2.200000 "animations": [ {
2.240000 2.280000 2.320000 2.360000 2.400000 2.440000 2.480000 2.520000 2.560000 2.600000 2.640000 2.680000 "hierarchy™: [{
2.720000 2.760000 2.800000 2.840000 2.880000 2.920000 2.960000 3.000000 3.040000 3.080000 3.120000 3.160000 ..‘;Ziiff . o
3.200000 3.240000 3.280000 3.320000 3.360000 3.400000 3.440000 3.480000 3.520000 3.560000 3.600000 3.640000 "pos": [-0.001848,100.11,-2.44139],
3.680000 3.720000 3.760000 3.800000 3.840000 3.880000 3.920000 3.960000 4.000000 4.040000 4.080000 4.120000 "time":0,
4.160000 4.200000 4.240000 4.280000 4.320000 4.360000 4.400000 4.440000 4.480000 4.520000 4.560000 4.600000 "scl":([1,1,1],
4.640000 4.680000 4.720000 4.760000 4.800000 4.840000 4.880000 4.920000 4.960000 5.000000 5.040000 5.080000 "rot":[-0.499564,0.500436,0.500436,0.499563]
5.120000 5.160000 5.200000 5.240000 5.280000 5.320000 5.360000 5.400000 5.440000 5.480000 5.520000 5.560000 i T rotts [=0.499564,0.500436,0.500436, 0. 499563 ]
5.600000 5.640000 5.680000 5.720000 5.760000 5.800000 5.840000 5.880000 5.920000 5.960000 6.000000 6.040000 "iime":0.033333, o o '
6.080000 6.120000 6.160000 6.200000 6.240000 6.280000 6.320000 6.360000 6.400000 6.440000 6.480000 6.520000 "sclv:[1,1,1],
6.560000 6.600000 6.640000 6.680000 6.720000 6.760000 6.800000 6.840000 6.880000 6.920000 6.960000 7.000000 "pos":[-0.001848,100.11,-2.44139]
7.040000 7.080000 7.120000 7.160000 7.200000 7.240000 7.280000 7.320000 7.360000 7.400000 7.440000 7.480000 AN
7.520000 7.560000 7.600000 7.640000 7.680000 7.720000 7.760000 7.800000 7.840000 7.880000 7.920000 7.960000 o eaeay r 0200436, 0.500436, 0. 4555631,
8.000000 8.040000 8.080000 8.120000 8.160000 8.200000 8.240000 8.280000 8.320000 8.360000 8.400000 8.440000 "scl":(1,1,11,
8.480000 8.520000 8.560000 8.600000 8.640000 8.680000 8.720000 8.760000 8.800000 8.840000 8.880000 8.920000 "pos":[-0.031145,100.11,-2.42309]
8.960000 9.000000 9.040000 9.080000 9.120000 9.160000 9.200000 9.240000 9.280000 9.320000 9.360000 9.400000 bod
9.440000 9.480000 9.520000 9.560000 9.600000 9.640000 9.680000 9.720000 9.760000 9.800000 9.840000 9.880000 nroth:[-0.499564,0.500436,0.500436,0.4955631,
9.920000 9.960000 10.000000 10.040000 10.080000 10.120000 10.160000 10.200000 10.240000 10.280000 10.320000 .,ij‘,?: '[f,' 1: .
10.360000 10.400000 10.440000 10.480000 10.520000 10.560000 10.600000 10.640000 10.680000 10.720000 10.760000 "pos": [-0.060885,100.11,-2.40412]
10.800000 10.840000 10.880000 10.920000 10.960000 11.000000 0.016364 -0.049779 1.881053 0.017034 -0.052046 bo 1
1.877202 0.018112 -0.055759 1.865879 0.019565 -0.060865 1.847425 0.021359 -0.067310 1.822185 0.023464 -0.075041 "rot":[-0.499564,0.500436,0.500436,0.499563],
1790502 0.025845 -0.084004 1.752719 0.028471 -0.094146 1.709178 0.031309 -0.105413 1.660224 0.034326 -0.117752 Lo ; o }351333'

collada.dae Jjson
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Linear Blend Skinning - Limitations

- Non-trivial rigging settings
- Artifacts for large rotations: Candy wrapper, Collapsing ellbow

Candy wrapper Collapsing elbow

Linear blending between rigid transformation matrices

12/19



file:///Users/damien/Dropbox/drive/teaching/2023_2024/inf585/lecture/inf585_lecture_slides/_site/12_skinning/pdf/02_skinning/01_skinning_method/07_skinning_format/index.html
file:///Users/damien/Dropbox/drive/teaching/2023_2024/inf585/lecture/inf585_lecture_slides/_site/12_skinning/pdf/02_skinning/01_skinning_method/07_skinning_format/index.html
file:///Users/damien/Dropbox/drive/teaching/2023_2024/inf585/lecture/inf585_lecture_slides/_site/12_skinning/pdf/02_skinning/02_extension_dual_quaternion/01_skinning_slerp_failure/index.html
file:///Users/damien/Dropbox/drive/teaching/2023_2024/inf585/lecture/inf585_lecture_slides/_site/12_skinning/pdf/02_skinning/02_extension_dual_quaternion/01_skinning_slerp_failure/index.html

Skinning improvement

Avoid linear blending b/w affine transform matrices

First idea: Split rigid transformation matrices in
- rotation part: blend using quaternions (solve candy wrapper)
- translation part: blend linearily

But doesn't work for general deformation: Arbitrary center of rotation
Rotation and translations are treated sepa

Possibility to compute an optimal center of rotation at each frame
[Spherical Blend Skinning: A Real-time Deformation of Articulated Models. L. Kavan, J. Zara. 13D 2005.]
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Skinning improvement: Dual Quaternion

Second idea: Use of dual quaternion
g =qy+ €q., €dualelement.

Dual quaternion = generalization of quaternion to handle rigid transformation
Rotation + translation

Unit dual quaternion models rigid transformation as screw motions

= rotation about an axis followed by a translation in the direction of this axis

14/19



file:///Users/damien/Dropbox/drive/teaching/2023_2024/inf585/lecture/inf585_lecture_slides/_site/12_skinning/pdf/02_skinning/02_extension_dual_quaternion/01_skinning_slerp_failure/index.html
file:///Users/damien/Dropbox/drive/teaching/2023_2024/inf585/lecture/inf585_lecture_slides/_site/12_skinning/pdf/02_skinning/02_extension_dual_quaternion/01_skinning_slerp_failure/index.html
file:///Users/damien/Dropbox/drive/teaching/2023_2024/inf585/lecture/inf585_lecture_slides/_site/12_skinning/pdf/02_skinning/02_extension_dual_quaternion/03_dual_number/index.html
file:///Users/damien/Dropbox/drive/teaching/2023_2024/inf585/lecture/inf585_lecture_slides/_site/12_skinning/pdf/02_skinning/02_extension_dual_quaternion/03_dual_number/index.html

(

Dual number and dual quaternion

Dual number a = ag + €a.

Dual element € is nilpotent : € # 0, €* = 0

€ commonly used to model infinitesimal quantity (ex. automatic differentiation)

Dual quaternion ¢ = Generalization of quaternion to dual numbers

g = qo+ €q.

- Qo: pure rotation component

- @¢: encodes translation component (dual part)

Given a unit quaternion ¢, and a translation t = (¢, Ly, t,), the associated unit dual quaternion is

2

A €
d = q0 1+ < qtqo

Unit dual quaternion (||¢|| = 1) describe the set of rigid transformation as screw motion.

q: = (tz,1ty,t,0)
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s

- = ng + €N,

Axis-angle representation with dual quaternion

Similarily to quaternion: "angle/axis" correspondance

-§ = cos(0/2) + 7 sin(6/2) U

= 0 — 00 _|_ 606 ~

____

- 6y: angle of rotation
-0. = t - ng : quantity of translation along ny

-l
- Ny axis of rotation
-Ne = % ((ng x t) cotan(0y/2) + t) X ny: called the moment of the rotation axis.
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(

Convert dual quaterion to rotation/translation

Given a non-unit dual quaternion as input ¢’ = q6 + €q.
How to compute the components of §’ / HqA' H = q = qop + €qc?

—> Force the parameterization in rotation-translation:

) €
q=%+§%%,%=@m%kﬁ)

First, normalize with the non dual component: ¢’ /||q;|

=0 = /g5l |, g = ¢/ bl

Second, enforce the parameterization of the dual component: %qt q0 = ge

= {qt =2q.q } , Qg conjugate of gy
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Dual Quaternion Skinning (DQS)

1- Encode rigid transformation (qi, ti) into dual quaternion

~i SR I i i i
¢=%+§%%,%=@w%hﬁ)

2- Compute blending in the dual quaternion space (ScCLERP)
=) wi§=q+eq
()

3- Extract components (q, t) from dl

-q0 = qo/llaoll, g« = @t/ |l |
- (twatyatzao) — 2QG qg

qg: conjugate of qo.

4- Apply finaly the transformation (q, t) to position P

[ Skinning with Dual Quaternions. Kavan et al. 13D, 2007 |
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Dual Quaternion VS LBS

Dual quaternion
(+) Fully solves candy wrapper artifact
(+) Almost as efficient as LBS

(-) May create artificial/unwanted bulge

Not always prefered to LBS
Both solutions (LBS, DQS) are proposed
in standard tools

LBS DQS
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