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Automatic Rigging and Animation of 3D Characters
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Rice University
Ofir Weber, Mirela Ben-Chen and Craig Gotsman Abstract
Ammating an articulated 3D character currently requires manual
nigging 1o specity its internal skeletal structure and to define how
the input motion deforms its surface. We present a method for ani-
mating characters automatically. Given a stanc character mesh and
a generic skeleton, our method adapts the skeleton to the character
and artaches it to the surface, allowing skeletal motion data to an-
imate the character. Because a single skeleton can be used with a
wide range of characters, our method, in conjunction with a library
of motions for a few skeletons, enables a user-friendly animation
system for novices and children. Our prototype implementation
called Pinocchio, typically takes under a minute 1o nig a character
an a modern midrange PC
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K. g using Moving Least Squares. Ongmal image with control points shown in blue (a). Moving Least Squares deforma-

(b), similarity () and ngsd ()

Deformagions, Geometric Modeling

This paper presents an interactive system that allows the user o
manipulate a shape without using a skeleton oe FFD. The user
choases several points inside the shape 33 handles and moves each
handle to a desired position. The system then moves, rotates, and
deforms the overall shape to match the given handle positions
while minimizing distortion. By taking the interior of the shape
cant, our approach can model its rigidity {i.c.. internal

10 defe making the result much claser to the
behavioe of real-warld objects than in space-warp approaches as
in [Barrett and Cheney 2002; Liamas et al. 2003]

Figure 1: The automatic rigging method presented in this paper
allowed us 1o implement an easy-to-use animation system, which
we called Pinocchio In this examole the tnanele mesh of 3 sollv

ystem that lets a user move and deform
ithout manually establishing a skeleton
FFD) domain beforchand. The shape is

Jesh and the user moves several vertices

casier than before User-friendly

the position and orientation of these handles, the o

form in an intuitive tashion handles. The system then computes the
We view this deformation as a function f that maps points in the hg free vertices by minimizing the
J d image to the deformed imase Apolvine the function MWhile abacically baced cinl.

age should de-

ing Least

Controllable Conformal Maps for Shape Deformation and Interpolation

Ofir Weber Craig Gotsman
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Green Coordinates

S 2/ 20N ) =
To appear in SIGGRAPH 2006 We use a two-step chosed-form algorithm for finding the shape

configuration that minimizes distortion, The typical approach is 1o
use & physically based ! or ponlincar

[Sheffer and Kracvoy 2004), but these techmiques are 100 slow for
interactive manipulstion. A key aspect of our approach 15 the
design of & quadratic etror metric so that the minimazation
problem 15 formulated as 3 set of simultaneous linear equations.
Our system solves the simultancous equations at the beginning,
and can therefore quickly find a solution during interaction,
Ideally we would like a single quadratic error function that
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Yaron Lipman Daniel Cohen-Or

Inverse Kinematics for Reduced Deformable Models

Kevin G. Der Robert W. Sumner” Jovan Popovié
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Figure 1: Our method uses example shapes to build a reduced deformable model. visualized in (A) by coloring portions of the mesh that move
n a coordinated fashson. (B) A small number of proxy vertsces are found thal summarnize the movement of the example meshes independent

smetric complexity, providing a resolution-independent metric for mesh posing. The user can pose even highly detailed meshes
tively with just a few vertex constraints.

Appendix A). We therefore split the problem into a rotation part
and a scale part. This divides the problem into two least-squares
minimization problems that we can solve sequentially, This
method can be seen as a variant of the method proposed by
Sarkine et al, [2004)

(d) {e)

Example:

(Our technique <an be useful in standard dragging operations with
& mouse, but it i particularly interesting when using a multiple-
[point input device such as a SmanSkin tuchpad [Rekimoto 2002)
{Figure 1). With such a device, one can inferactively move, rotate,
and deform an entire shape as if manspulating a real object wsing
both hands. This is difficult with existing shape deformation tools
because most allow oaly local modification while the overall
position and orientation of the shape remain fixed.

Figure 1: (a-¢) Cage-based 2D deformation of a Gecko. (b) Using Green Coordinates induces a pure conformal mapping
Harmonic Coordinates. Note the preservation of shape in the marked square. (d-f) Cage-based 3D articulation of an Ogre
Coordinates in 3D admits a quasi-conformal deformation. In (f) the result using Mean Value Coordinates is presented

Interactive

Figure 1: Confarmal deformation of a giraffe with sharp bends at neck and legs. Original model (ieft) and three deformed versions Posink
5

A

Abstract

Conformal maps are considered very desirable for planar defor-
mation_applications, since they allow only local rotations and

Our method is extremely efficient: it requires only the solu
a small dense linear system al preprocess time and a matnx.
multiplication during runtime {which can be implemented
modern GPUL thys the defs cven an I of b
nera

Harmonic Coordinates for Character Articulation
Abstract

bends its limbs at the joints, 50 most limb vertices mave together

Pushkar Joshi ~ Mark Meyer  Tony DeRose
: g y : rigidly. Even non-articulated deformations such as those of a slith

Brian Green  Tom Sanocki

Bounded Biharmonic Weights for Real-Time Deformation

Alec Jacobson'
'New York University

1lya Baran®

Abstract

Object deformation with lincar blending dominates practical use as
the fastest approach for transforming raster images, vector graph-
ics, geometne models and animated characters. Unfortunately, lin-
car blending schemes for skeletons or cages are not always easy
10 use because they may require manual weight painting or mod-
eling closed polyhedral envelopes around objects, Our gaal is to
make the design and control of deformations simpler by allawing
the user to work freely with the most convensent combination of
handle types. We develop linear blending weights that produce
smooth and intuitive deformations for points, bones and cages of ar-
bitrary topology. Our weights, called bounded biharmonic weights,
minimize the Laplacian energy subject to bound constraints. Doing
so spreads the influences of the controls in a shape-aware and lo.
calized manner, even for objects with complex and concave bound
aries. The variational weight optimization also makes it possible
to customize the weights so that they preserve the shape of speci
fied essential object features. We demonsirate successtul use of our
blending weights for real-time deformation of 2D and 3D sha

es.

CR Categorics: 1.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism—Animation

Keywords:  shape def tion, lated character i
generalized barycentric coordinates, lincar blend skinning
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Figure 1: Bounded bikarmonic blending supports points, bones,
and cages arranged in an arbitrary configuration. This versatility
makes it possible to choose the right ol for each subtask: bones
1o control rigid parts, cages 10 enlarge areas and exert precise con

trol, and points to transform flexible parts. The weight computa

tion is done at bind time so that high-guality deformations can be
computed in real time with fow CPU whilization. In this and other
figures, affine transformations specified at point handles are illus

trated by colored frames. They are omitted when the transformation
is just a translation

schemes are not always easy to use. The user must choose the
handle type a prion and different types have different advantages
(Fig 2). Free-form deformations rely on a lattice of handles, but
the requirement for regular structure complicates control of con-

SA2014.SIGGRAPH.ORG

Pixar Animation Studios

(b) (c)

Figure 1: A character posed using using harmonic coordinates. (a) The character and cage (shown in Black) at bind-time; (b)

Iwe poses from an animated clip. All images © Disner/Pixar

Abstract

In this paper we consider the problem of creating and controlling
volume deformatsons used to artsculate characters for use in high-
end applications such as computer generated feature films. We in-
troduce a method we call harmonse coordinates that signiticantly
improves upon existing volume deformation technaques. Our de-
formanons are controlled using a topologically fexsble structure,
called a cage. that consists of a closed three dimensional mesh. The
cage can optionally be sugmented with additional intersor vertices,
edges, and faces 1o more precisely control the interior behavior of
the deformation. We show that harmonic coordinates are general-
ized barycentne coordinates that can be extended to any dimension

twre film production. Modern high-end systems, most ne
timage XSI® and Mayad, offer a variety of anticulatiof
such as enveloping [Lewis et al. 2000, blend shapes [J}
2006], and chains of arbitrary deformations. In the red
fi free-fi ds as duced by Sed
Parry [1986] are particularly popular for a number of reas
they offer smooth and intuitive control aver the motion of
acter using only a few parameters, namely, the locations ¢
form lattice control points. Second, there are virtually

tions on the three-dimensional model of the character

requirement is that the character model is completely ed
the control lattice.

Howwer fren.foem defremation hae some drawhacks

Articulated shapes are aptly described by reduced deformable mod-
els that express required shape deformations using a compact set of
control parameters. Although sufficient 1o describe most shape de-
formations, these control parameters can be ill-suited for animation
tasks, v when reduced deformable models are in
aatomatically from example shapes, Our algorithm provides intu-
itive and direct control of reduced deformable models similar to
2 conventional inverse-kinematics algorithm for jointed rigid struc

tures. We present a fully automated pipeline that transforms a set of
unarticulated example shapes into a controllable, articulated model

With anly a few manipulations, an animator can automatically and
tively pose detailed shapes at rates independent of their geo-
complexity.

CR Categories: 1.3.7 [Computer Graphics]: Three Dimensional
Graphics and Realism—Animation

jon with Constraints, Deformations

kevinder| jovan}@csail.nit.edu

surmerb@inf.ethz.ch

1 Introduction

Efficient and intuitive manipulation of detailed triangle meshes is
chi ng because they have thousands of degrees of freedom.
Modeling algonthms must cope with this geometric complexity 1o
provide effective tools for sculpting broad changes as well as fine-
scale details. However, in animation, the complexity of a char-
acter’s movement is far less than its geometric complexity since
vertices mave in a coordinated fashion. An articulated charucter

ering snake, facial expre . or skin deformations are highly cor-
related because an individual vertex of a detailed mesh never moves
independently with respect to its neighbors.

Animators often build a reduced deformable model that repre-
sents ingful defi ions by a static mesh with
control parameters that modily posture, bulge muscles, change [
cial expressions, and generate otber necessary deformations. These
controls provide a compact representation of the mesh deformation
and allow the animator 1o generate movement efficiently. However,
many animation tasks are more easily accomplished through direct
manipulation. In particular, reaching for or interacting with sur
rounding objects is most effectively expressed through direct con-
ol of contact vertices,

Figure 1: Shape manipulation using a SesareSkin souchpad. The user can

ineractively move, rotate, and deform the shape using both hands as if
a real obpect.

Rexduced deformable models can also be inferred
from a set of example deformations, Although this approach eases
the Iabarious task of designing controls by hand, applications are
limited because the inferred control parameters are often ill-suited
for animation tasks. Our work hades these unintuitive control pa-
rameters with a procedure for direct manipulation of reduced de-
formable models, allowing the animator to generate meaningful
mesh deformations without learning the mapping between the can-
trols and their effects.

Our method sdentilies control parameters of a reduced de-
formable model with a set of transformation matrices that control
shape deformations. The animator can then select and move any
subset of mesh vertices to pose the entire shape (Figure 1), In
general, direct manipulation is an ill-posed problem whether wsing
skeletons or inferred models, since many pose configurations can
sali given set of user constraints. We use a ponlinear oplimiza-
tion to find the pose whose transformations best meet the animator's
constraints with a resolution-independent objective function, while
favoring poses clase to the space of examples. Lastly, a linear re-
construction computes the new deformed vertex positions. This fi
nal step is linear in the number of vertices bul 15 computationally
negligible when implemented efficiently in hardware. 1n wtal, the
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sharp
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20,

* Inherently C2 everywhere except extraordinary vertices (C1)
« Sharp creases can also be specified
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Shepard’s Weights
[Shepard 1968]

Bounded Biharmonic Weights
[Jacobson et al. 2011]

Harmonic Coordinates
[Joshi et al. 2007]
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Performance ASIA 2014
# faces  pre-compute  seconds per # curves  pre-compute  seconds per
time(secs) update time(secs) update
4150 9 0.0002 1324 : 0.03
in C++ in Python
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e Other primitives in vector graphics
e circular arcs, NURBS, clothoid splines.

* linear or radial gradients, diffusion curves, texture.

 Adaptivity

Deformed Original

Additional
Control Points

e Other applications
[Schneider 1990] [Our approach]

e motion path planning
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Songrun Liu, sliu11@gmu.edu
Alec Jacobson, jacobson@cs.columbia.edu
Yotam Gingold, ygingold@gmu.edu
project webpage: http://cs.amu.edu/~yaingold/splineskin/, code coming soon.
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* Minimizing the L2 norm
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* Play the video of minimizing the L2 norm
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3D Performance Ay

# control # control precompute seconds per

example vertices faces time (secs) update

pyramid S S le-3 6e-6
torus 32 32 8e-3 6e-6
butterfly 1216 1222 0.3 S5e-5
squirrel 4307 4278 4 2e-4
rabbit 4139 4150 9 2e-4

Dual-core, 2.4 GHz Intel Core i5, in C++.
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# G seconds per update
& angle precomp.
example #curves #handles  constraints  secs regular flexible
Boxes (Fig. 6) 4 2 4 0.03 2e-4 0.008
Spoon (Fig. 3) 7 2 7 0.08 2e-4 0.02
Clam (Fig. 1) 56 3 50 0.1 8e-4 0.1
Boy 226 5 118 0.7 Se-3 0.4
Zapfino 379 3 316 1.4 4e-3 0.65
Worm 395 2 261 8.1 3e-2 2.75
Penguin on Lion 400 9 168 2.5 le-2 0.64
Man 516 4 240 1.3 le-2 0.78
Seven Turtles 1324 5 914 3.2 3e-2 2.5
Octopus 1706 8 1181 11 2e-2 4.2
Coat of Arms 9496 4 8159 42 le-1 16.1

Dual-core, 2 GHz Intel Core 17, in Python.
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