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By simulating motion and deformation of a set of 3D characteristic curves defining surfaces,

we introduce a new skin deformation technique to animate skin deformation of character

models. This technique consists of two parts, representation of characteristic curves and

dynamic skin deformation. The first part is to extract characteristic curves of an existing

model, that is a polygon model or a NURBS model, represent the characteristic curves with

time-dependent 3D trigonometric curves, and relate the surface points of the model to these

trigonometric curves. The advantage of such a treatment is that it can transform an original

3D problem into a 2D problem, making it much quicker and easier to process and compute. In

the second part, a vector-valued dynamic fourth-order differential equation is employed to

govern the behaviour of the time-dependent 3D trigonometric curves. These dynamic

differential equations incorporate both the time component and the physical properties of the

material, which are given by the user. Thus, the character model can be made to animate

(deform) following the user-specified behaviour parameters. Our experiments demonstrate

that this technique is able to produce realistic skin deformations efficiently and avoid the

undesirable skinning problems suffered by some existing skinning techniques.

Copyright # 2008 John Wiley & Sons, Ltd.
Received: 18 June 2008; Accepted: 23 June 2008
KEY WORDS: dynamic skin deformation; time-dependent 3D trigonometric curve; character
animation
Introduction

Skin deformation is one of the most interesting and

challenging topics in computer animation. Existing skin

deformation methods can be classified into three

categories: joint related, example based and physics

based.

Joint-related methods deform the skin surface by a

weighted combination of the joint transformations of the

character’s skeleton. One example in this category is the

skeleton subspace deformation (SSD) which is also

called linear blend skinning (LBS), vertex blending,

enveloping or simple skinning. SSD is very fast and easy

to use, and has been incorporated into many commercial

animation software products. However, because it

considers neither physical properties nor the underlying

anatomical structures, the quality of animation depends
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almost exclusively on the judgment of the animator. It

also suffers from some undesirable skin deformation

artifacts such as the so-called collapsing joint and candy-

wrapper effect. In addition, how to determine the

blending weights requires skilled operations and it

remains an open issue although some improvements

have been made in recent years.

The example-based approaches treat skin defor-

mation as an interpolation problem. Example skin

models with different shapes in different poses from

scanned data or sculpted models are interpolated with

suitably chosen functions. This method can capture

designed shapes including effects like muscle bulges

and major wrinkles and generate high quality skinning

from sample poses. However, they require sufficient

example skin models to be produced.

Physics-based approaches are based on the anatomy,

elastic mechanics or biomechanics of skin deformation

originating from the movements of muscles and

tendons. They are physically meaningful and have a
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capacity to generate more realistic simulation. Since

muscles are made of nonlinear, approximately incom-

pressible, anisotropic and hyperelastic materials, the

exiting physical laws cannot describe complicated

muscle deformations accurately and the feedback of

animators during skeletal keyframing still represents a

key element for animation production. In addition,

physics-based approaches usually use numerical calcu-

lations which require specially trained users and often

incur heavy computation expenses. Due to these

reasons, physics-based skinning has not become pop-

ular in commercial animation.

In order to tackle the above problems, we propose a

new skin deformation technique in this paper.

Any surface can be well defined by a curve network.

When a surface physically deforms from a shape to

another different shape, the curves defining the surface

also change their shapes, caused by the forces acting on

these curves. Based on this principle, the physical

deformation of surfaces can be transformed into that of

the curves which define the surfaces. This involves

much fewer unknowns to be solved and has therefore

higher computation efficiency compared with the direct

surface-based approach. One can easily introduce

necessary physical laws into the representation, leading

to better realism of skin deformations than a purely

geometric approach. In addition, feedback of animators

can be easily introduced into the simulations.

Our proposed approach is motivated by the example-

and physics-based methods. However, it is not the same

as either. Our technique is supported by two theoretical

elements: the representation of surface models with

time-dependent 3D trigonometric curves and dynamic

skin deformation based on the trigonometric curves.

Our contributions are as follows:
1. S
* * *

Co
implification of a surface model into a curve net-

work by using characteristic curves to define the

surface model and time-dependent 3D trigonometric

curves to represent characteristic curves. It has three

noticeable advantages. Unlike the traditional curves,

the time-dependent 3D trigonometric curves can

effectively represent a family of curves in a general

equation with time t as its parameter. This is particu-

larly beneficial to represent a deformation sequence.

Unlike the existing cross-sectional contours, which

are planar curves and ineffective in defining complex

3D surface shapes, our time-dependent 3D trigono-

metric curves are spatial and powerful in represent-

ing an arbitrary 3D shape. Compared to the cross-

sectional ellipses, our method can approximate a
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given 3D model more accurately and create more

realistic skin deformations.
2. R
eductionof computing costs for the representationof

character models. A character model, whether it is a

polygon model or NURBS model, can be accurately

definedusingour techniquewitha lightweight repres-

entation. Since any 3D surface models involves two

parametric variables and one time variable, and 3D

curves only involves one parametric variable and one

time variable, our approach transforms a 3D surface

problem into a 2D curve problem. Since only a small

amountofdataisrequiredtosolvethelinearequations,

curve deformations are easy and fast to determine and

skin deformation is achieved efficiently.
3. C
reation of more realistic skin deformations through

the introduction of physical properties. We employ

dynamic fourth-order differential equations, which

incorporate physical properties governing the

dynamic behaviour of the skin of a character. In

addition, the forces involved in the dynamic

fourth-order differential equations also provide the

animator with an effective editing tool for the anima-

tion of character skin shapes.

RelatedWork

Pioneering work of joint-related skin deformation was

presented by Thalmann et al.1 It was extended in

References 2–8.

Example-based skin deformation was investigated by

a number of researchers. These research studies include:

pose space deformation (PSD),9 weighted pose-space

deformation (WPSD),10 building character skins from

examples,6 example-based skin deformations,11

example-based human hand model12 and skeletal shape

deformation based on given deformation examples.13

Physics-based approaches also attract a lot of research

attention. Some work on skin deformations based on

anatomy, elastic mechanics or biomechanics can be

found in References 14–33.

Most character parts have a cylinder-like topology

which can be represented with cross-sectional curves.

This method has been investigated in References 34,35.

For complicated charactermodels, 3D curves aremore

suitable. Such 3D curves have been employed to define

surface models in existing References 36–38.

Recently, Au et al. used handle-aware isolines over

deformation surfaces to build a reduced model and

achieved detail-preserving deformationwith resolution-
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Comp. Anim. Virtual Worlds 2008; 19: 433–444

DOI: 10.1002/cav



DYNAMIC SKIN DEFORMATION
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
independent periteration cost, fast convergence rate and

linear memory cost.39

The cross-sectional contours are 2D time-independent

geometric entities. They are applicable in defining static

surface models. However, for the animation of skin

deformations, 3D time-dependent curves would be a

more suitable candidate, which will be presented later in

this paper.

Since dynamic differential equations can help produce

more realistic appearances and consequently reduce the

amount of required exampledata,wewill develop such a

technique for dynamic skin deformations. First, the

characteristic curves of a surfacemodel are extracted and

representedby time-dependent 3D trigonometric curves.

How surface points of a model are related to these

trigonometric curves is discussed. Then we introduce a

dynamic skin deformation technique. Finally, we

demonstrate the applications of our approach in the

animation of skin deformations of virtual characters.
Time-Dependent 3D
Trigonometric Curves

In this section, we discuss extraction and representation

of 3D characteristic curves. Since NURBS models can be

easily converted into polygon models, in the following,

we only discuss how to treat polygon models.

Extraction of 3DCharacteristic Curves

Using cross-section contours to represent surfacemodels

could be tricky, as the vertices of a model are not usually

on the sameplanes. Inaddition, 2Dcurves are lessflexible

in describing complex surface shapes than their 3D

counterparts. Due to these reasons, our first step is to
Figure 1. Extraction of 3D characteristic curves. (a) Model par
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extract 3D characteristic curves. Firstly, we separate a

character model into different parts. As demonstrated in

Figure 1a, a horse model is separated into ears, head,

neck, torso, tail, fore legs and rear legs which are

indicatedwithdifferent colours. Thenwe subdivide each

part of a character model into some regions according to

distribution of surface points. For the horse model, we

can further partition its parts into smaller regions as

indicated by different colours shown in Figure 1b. The

boundaries of each region are extracted and are called 3D

characteristic curves. For the horse model, all extracted

3D characteristic curves are shown in Figure 1c.

In order to demonstrate different types of character-

istic curves and the capability of our proposed dynamic

skin deformation in treating complicated surface shapes,

we use different methods to extract characteristic curves

of the horse head and tail. When carrying out automatic

extraction of characteristic curves, the same extraction

method should be used. The existing segmentation

approaches can be introduced to identify different

parts.40 According to shape changes of surface models,

an automatic process can be used to generate a series of

cross-sections which subdivide each part into smaller

regions, and find out the surface points close to these

cross-sections for the definition of characteristic curves.

When corresponding characteristic curves of a poly-

gon model at different poses are to be extracted, the

index of surface points on characteristic curves can be

used to find out new positions of these surface points

and determine new shapes of characteristic curves.

Representation of Time-Dependent 3D
Trigonometric Curves

When a surface model moves or deforms, the charac-

teristic curves on the model also change their positions
ts, (b) partitioned regions and (c) 3D characteristic curves.
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Figure 2. Comparison between real human cross-sections and

approximated ellipses. (a) From right leg and (b) from left leg.

Figure 3. Cross-sectional curve generation with different

approaches. (a) From a leg and (b) from a torso.

Figure 4. Spatial curve generation with time-dependent 3D

trigonometric curves.
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and shapes. Therefore, both the surface model and the

corresponding characteristic curves are the functions of

the time variable.

Since trigonometric series can describe complicated

3D curves with a single mathematical equation, we

introduce a time variable into trigonometric series and

develop the concept of time-dependent 3D trigono-

metric curves. Their mathematical form is a combination

of the time variable t and trigonometric functions

cosð2npvÞ and sinð2npvÞ (n¼ 1; 2;. . .; N), which are used

to describe shapes of the characteristic curves and their

motion and deformations.

qðv; tÞ ¼ aq0 þ aq0t þ aq0t2 þ
XN

n¼1

�
ðaqn þ aqntÞ

cos 2npv þ ðbqn þ bqntÞ sin 2npv
�
ðq ¼ x; y; zÞ

(1)

where x, y and z are the three coordinate values of a

spatial point on the curves, v is a parametric variable, aq0,

aq0, aq0, aqn, aqn, bqn and bqn ðn ¼ 1; 2; 3; � � � ; NÞ are

unknown constants and N is the total term of the

trigonometric functions.

Although other forms of the time-dependent 3D

curves may also be applicable, our investigation below

suggests that dynamic skin deformations of virtual

characters can be well described with Equation (1).

At any instant, the time variable t is a constant and

Equation (1) for this instant becomes

qðvÞ ¼ eq0 þ
XN

n¼1

ðeq2n�1 cos 2npv þ eq2n sin 2npvÞ (2)

where eqm ðm ¼ 0; 1; 2; 3; � � � ; 2NÞ are unknowns.

When 3D characteristic curves are closed, the

unknown constants in Equation (2) can be directly

determined from the coordinate values of the vertices on

the characteristic curves by curve fitting. When the 3D

characteristic curves are open, we substitute the values

of both end points of the characteristic curves into

Equation (2) and use the in-between vertices on the

characteristic curves for curve fitting and for determin-

ing the rest unknown constants.

Compared to the surface modelling with standard

elliptic cross-sections, the advantages of our method

include extending from 2D to 3D and from time

independent to time dependent. In addition, our

modelling method has a higher accuracy.

In Figure 2, we give some cross-section curves of the

legs from a humanmodel and their fitted elliptic curves.

Those in red and blue are the original and elliptic cross-

sections, respectively. It can be seen from these images
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that there are noticeable differences between the real

cross sections and elliptic ones.

For the cross-sectional curves taken from a human leg

and torso, we use our proposed time-dependent 3D

trigonometric curves to regenerate them and the

obtained results are given in Figure 3 where the curves

in red, green and blue are the original ones, those

produced using our approach and those createdwith the

standard ellipses, respectively. It can be seen from the

figures that our algorithm approximates cross-sectional

curves of a surface model with excellent accuracy.

In Figure 4, we demonstrate the ability of our time-

dependent trigonometric curves to fit arbitrary spatial

curves. In this figure, the blue ones are the original 3D

curves, and the red ones are produced by our algorithm.

Our method offers an accurate approximation.

In Figure 5, three original curves on the left are

consecutively changed into the final shape on the right.

We use our time-dependent trigonometric curves (1) to

describe the curve shapes of this deformation sequence.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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Figure 5. Representation of curve deformation sequence by

time-dependent 3D trigonometric curves.
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Between the initial and final shapes are the in-between

ones generated with our algorithm. These images

demonstrate the effectiveness of our approach in the

description of a deformation sequence of 3D curves.

Relating Surface Points toTime-
Dependent 3DTrigonometric Curves

We can rebuild a surface model from time-dependent

3D trigonometric curves, or relate surface points of a

model to these curves. We will introduce the former in

our another paper and the latter in this paper.

Forpoint pona trigonometric curve qi(v), its coordinate

values can be determined by qi(vp). For point p between

two curves qi(v) and qiþ 1(v), we use the following

subdivision algorithm to determine its position. First, we

find four points 1, 2, 3 and 4 on qi(v) and qiþ 1(v)which are

the closest to the pink point p and point p should fall

within the quadrilateral formed by these four points as

shown in Figure 6. Then we find points 5 and 7 by qi(v5)

and qiþ 1(v7) where v5 ¼ v1 þ ðv4 � v1Þ=2 and
Figure 6. Determination of surface points.
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v7 ¼ v2 þ ðv3 � v2Þ=2. Next, we obtain midpoint 9

between points 5 and 7, midpoint 8 between 3 and 4

and midpoint 6 between 1 and 2. The region 1–2–3–4 is

divided into foursmall regions1–6–9–5,6–2–7–9, 9–7–3–8

and 5–9–8–4. The new region 5–9–8–4 where point p

situates is subdivided into four smaller regions 5–12–14–

11, 12–9–13–14, 14–13–8–10 and 11–14–10–4 with point p

in region 5–12–14–11. This process is repeated until the

region with point p is reduced to the required accuracy.

For the pink point p, the above subdivision algorithm

gives vA ¼ v1 þ 9 v4 � v1ð Þ=16, vB ¼ v2 þ 9 v3 � v2ð Þ=16,
qiðvAÞ, qiþ1ðvBÞ and DAp ¼ DAB=32 where DAB is the

distance between points A and B.

After curves qi(v) and qiþ 1(v) are deformed into q0iðvÞ
and q0iþ1ðvÞ, points A, p and B are moved to A0, p0 and B0.

An interpolation surface is created from the deformed

curves and the coordinate values of point p0 on the

interpolation surface are obtained from vA, vB, q0iðvAÞ,
q0iþ1ðvBÞ and DA0p0 ¼ DA0B0=32, which relate surface point

p0 to time-dependent 3D trigonometric curves.
Dynamic Skin Deformation

After transforming a surface model into trigonometric

curves, themotion and deformation of the surfacemodel

are changed into those of the corresponding curves.

Mathematical Model

A curve can be regarded as a physical wire which has

material properties such as Young’s modulus, density r

and damping coefficient h. Among them, Young’s

modulus contributes to static elastic deformations,

and the density and damping coefficient are related to

the motion and dynamic deformation of the wire.

Subject to externally applied forces, such a wire will

move and deform.

The dynamic deformations of a wire can be

represented by vector-valued dynamic fourth-order

differential equations. They are derived with the same

methodology as the dynamic deformations of an elastic

beam and have the form of

a1q
@4qðv; tÞ

@v4
þ a2q

@2qðv; tÞ
@v2

þ r
@2qðv; tÞ

@t2
þ h

@qðv; tÞ
@t

¼ Fqðv; tÞ (3)

where a1q and a2q are shape control parameterswhich are

related to static material properties and Fq(v,t) is an

externally applied force.
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The motion and deformations of a curve determined

by this equation should present a more realistic

description, due to the consideration of physical laws.

The remaining work is how to solve this equation and

employ the solution to represent motion and defor-

mations of 3D curves.

Resolution

The dynamic fourth-order differential equation (3) can

be applied in two different ways. If only the shape of a

skin surface model at one pose is known, we can apply

some forces on the time-dependent 3D trigonometric

curves, and solve Equation (3) to obtain the deformation

of the model. If the skin shapes are known at two

different poses, we can use these skin shapes to

determine forces at these two poses and their variation,

and obtain all the skin shapes between the initial and

final poses using Equation (3). For the former, the key to

success is to determine a proper force distribution on the

initial skin surface and the variation of these forces.

Compared to the former, the latter requires one more

skin shape but eliminates the preparation work in force

application and manipulation. Here, we investigate the

latter.

According to the mathematical description of our

proposed time-dependent 3D trigonometric curves and

dynamic fourth-order differential equation (3), the

forces can have the following form

Fqðv; tÞ ¼ cq0ð1þ tÞ þ
XN

n¼1

ðcqn þ cqntÞ
�

cos 2npvþðdqn þ dqntÞ sin 2npv
i (4)

Substituting Equations (1) and (4) into Equation (3),

and inserting the obtained unknown constants into

Equation (1), the mathematical representation of the

time-dependent 3D trigonometric curves arrives, which

represent the deformed skin at any poses

qðv; tÞ ¼ aq0 þ
t

h
cq0 þ

t

h
ðt

2
� r

h
Þcq0

þ
XN

n¼1

1

An

�
cqn þ ðt � h

An
Þcqn

� �
cos 2npv

þ 1

An
dqn þ ðt � h

An
Þdqn

� �
sin 2npv

�
(5)

where

An ¼ 4p2n2ð4p2n2a1q � a2qÞ (6)
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Through Equation (5), dynamic deformations q of

time-dependent 3D trigonometric curves are related to

the applied forces.

If the skin shapes at the initial pose t¼ 0 and the final

pose t¼ 1 are known, we first extract characteristic

curves (as discussed in Subsection 3.1) to define these

two skin surfaces. Let us use subscript 0 to stand for the

initial pose, subscript 1 for the final pose, I for the total

number of the points at one characteristic curve and qi0

and qi1ðq ¼ x; y; z; i ¼ 1; 2; 3; � � � ; IÞ to represent the

points at a characteristic curve of these two skin

surfaces. If there is a rigid motion from the initial pose

to the final pose, we can use geometric transformation to

remove it before the application of the dynamic

differential equation (3).

Setting t¼ 0 in Equation (5) and making it have the

same value as qi0 at point i, the following equations are

produced

aq0 þ
XN

n¼1

1

An

�
cqn �

h

An
cqn

� �
cos 2npvi

þ 1

An
dqn �

h

An
dqn

� �
sin 2npvi

�
� qi0 ¼ 0

ði ¼ 1; 2; 3; � � � ; IÞ

(7)

Similarly, substituting t¼ 1 into Equation (5) and

making it have the same value as qi1 at point i, we obtain

the below equations:

aq0 þ
1

h
cq0 þ

1

h
ð1
2
� r

h
Þcq0

þ
XN

n¼1

1

An

�
cqn þ ð1� h

An
Þcqn

� �
cos 2npvi

þ 1

An
dqn þ ð1� h

An
Þdqn

� �
sin 2npvi

�
� qi1 ¼ 0

ði ¼ 1; 2; 3; � � � ; IÞ

(8)

Taking I � 2N þ 1 and solving Equations (7) and (8),

we determine all the unknown constants in

Equation (5).

Setting the time variable t to different values, different

skin shapes at any poses between the initial and final

poses are generated with the time-dependent 3D

trigonometric curves presented by Equation (5).

If the skin shapes at two other poses t ¼ t0 6¼ 0 and

t ¼ t1 6¼ 1 are known, we can still use the above method

to determine the unknown constants in Equation (5) and

create all skin surfaces between the initial and final

poses.
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Editing In-Between Deformed Curves

Although the forces and skin deformations can be

automatically determined with Equation (5), our

proposed approach allows the manual editing of the

time-dependent trigonometric curves to create more

realistic deformation through the transformation of

these curves and manipulation of the forces. After the

modification of the characteristic curves, Equations (7)

and (8) are solved within new resolution regions. For

example, if we manually modify one middle deformed

surface generated by Equation (5), we can solve

Equations (7) and (8), respectively, using the initial

surface and the modified middle surface, and the

modified middle surface and the final surface. With

this treatment, we can create skin deformations more

suited to the user’s taste.

Experimental Results

In this section, we present some examples to demon-

strate applications of our proposed dynamic skin
Figure 7. Human arm animation and skin deformations: (a) Initia

t¼ i/9, where i¼ 1, 2, . . . , 8, (j
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deformations based on time-dependent 3D trigono-

metric curves.

The first example is to animate a human arm and

examine whether our method can avoid artefacts like

collapsing joints. The surface shapes at the initial and

final poses are shown in Figures 7a and 7j.

The upper arm is represented with nine characteristic

curves. On each characteristic curve, 31 points are

employed to solve Equations (7) and (8), and determine

the time-dependent 3D trigonometric curves (5).

The obtained initial and final surfaces from the curves

(5) are the same as those in Figures 7a and 7j, indicating

that the original surface has beenwell describedwith the

trigonometric curves. The original polygon model of the

upper arm has 1150 vertices and 1080 faces. With our

representation, the total parameters used to determine

all surface shapes of the upper arm from the initial pose

to the final pose are 558, with a significant reduction of

the data required. According to Gaussian elimination,

the number of algebraic operations to solve linear

equations of 1150� 3 unknown constants is about 34503.

Our method is to solve a series of small linear equations

of 62 unknown constants. The number of algebraic
l known pose at t¼ 0, (b)–(i) indicate the calculated shapes at

) final known pose at t¼ 1.
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Figure 8. Horse leg animation and skin deformation:

(a) initial known pose at t¼ 0, (b) another known pose at

t¼ 0.25, (c) calculated shape at t¼ 0.5, (d) calculated shape at

t¼ 0.75 and (e) calculated shape at t¼ 1.

Figure 9. Twist deformations: (a) the arm is twisted
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operations is 623� 3� 9 which is 1/6381 of 34503.

Therefore, it is fast enough for any form of animation

product.

Setting the time variable to different values, we have

created its animation. Figures 7b–7i give surface shapes

at t¼ i/9 (i¼ 1; 2; 3;. . .; 8). No anomaly occurs in the

resulting skin deformation.

The second example is to animate a horse leg.

Different from the above example where the defor-

mations at the initial and final poses are known, the

known information for this example is an initial pose at

t¼ 0 shown in Figure 8a and another pose at t¼ 0.25 as
upwards and (b) the arm is twisted downwards.
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Figure 10. Representation of a horse model: (a) network of time-dependent 3D trigonometric curves and (b) surface model defined

by the network.

Figure 11. Horse animation and skin deformations.

DYNAMIC SKIN DEFORMATION
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shown in Figure 8b (the total deformation sequence is

from t¼ 0 to t¼ 1). Setting t¼ 0 and t¼ 0.25 in Equation

(5), respectively, and substituting the shape information

of the horse leg at these poses into the equation, we

determined all the unknown constants. Equation (5) is

able to produce all the shapes between t ¼ 0 and t ¼ 1,

giving plausible extrapolations. Figure 8 shows the

snapshots of the horse leg model at t¼ 0.5, t¼ 0.75 and

t¼ 1.
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In the third example, we twist a human arm model

and examine whether the candy-wrapper anomaly

arises. We build an original arm model shown in the

top row of the images in Figure 9 and two adjacent

twisted shapes which are twisted a little upwards and

downwards, respectively, and are given in the middle

row of the images in Figure 9. Using the samemethod as

that for the horse leg example and setting the poses

corresponding to the top and middle images to be at
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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t¼ 0 to t¼ 0.1, we produce all the twisted deformations

between t¼ 0 and t¼ 1. The images at the bottom row of

Figure 9 are the twisted shapes at t¼ 1. No candy-

wrapper collapse problems are produced with our

dynamic shape deformation technique.

Our final example is to represent and animate a horse

model. After partitioning the horse model, the charac-

teristic curve representing the boundary of two adjacent

regions is represented with a time-dependent 3D

trigonometric curve. This results in a network of the

trigonometric curves (Figure 10a). The horse model

defined by these trigonometric curves is given in

Figure 10b.

The original polygon horse model has 8431 vertices,

25 274 edges and 16 843 faces. With our approach, the

total parameters used to define the whole horse model

are 4340, which is much lighter than the original one.

The horse motion is divided into different stages. For

each stage, we extract the skin shape information of the

horse model at the initial and final poses. With the

information, we solve Equations (7) and (8) to obtain the

time-dependent 3D trigonometric curves and use them

to create in-between shapes at different poses. Figure 11

shows some skin shapes of the horse model which are

taken from the accompanying video.
Conclusions and FutureWork

A dynamic skin deformation technique has been

developed for realistic animation of virtual characters.

This technique has two elements: representation of

surface models with time-dependent 3D trigonometric

curves and dynamic simulation of skin deformations. By

extracting characteristic curves from an existing surface

model (e.g. polygon or NURBS) and representing these

characteristic curves with our time-dependent 3D

trigonometric curves, the original model is transformed

into a simpler network of curves which is used in the

subsequent skin animation.

By introducing the dynamic fourth-order differential

equations and forces, one can easily represent and

manipulate the skin surfaces dynamically. We have

developed a simple method to quickly create all skin

shapes without introducing unwanted artefacts, unlike

the LBS commonly used in the animation industry. The

examples shown in this paper demonstrate the useful-

ness and capacity of our technique in the animation of

character skin shapes dynamically.
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Using deformations of time-dependent 3D trigono-

metric curves to define and animate a surface model is a

new exploration. There are a number of issues requiring

further investigations. These issues include intersection

between time-dependent 3D trigonometric curves,

simulation of skin vibration and skin wrinkles, and

volume preservation, etc. Although these issues have

not been discussed in this paper due to the limited space,

they are easy to tackle. The intersection between

trigonometric curves can be transformed into the

intersection between the surface patches, which are

defined by two adjacent trigonometric curves. Collision

avoidance constraints can be used to prevent such

intersections during animation. Skin vibration can be

changed into vibration of the time-dependent 3D

trigonometric curves defining the skin surface through

the same dynamic equation. Skin wrinkles can be

obtained by using the distance constraint between two

adjacent trigonometric curves and volume preservation

can be achieved by introducing a volume constraint into

the deformation simulation. We intend to study these

issues and implement necessary techniques in our

future work.
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puter Graphics Group atMIT. This research is in part supported

by the Great Western Research Fellowship grant and EPSRC

grant EP/F030355/1.
References

1. ThalmannNM, Laperrière R, ThalmannD. Joint-dependent
local deformations for hand animation and object grasping.
In Proceedings of Graphics Interface, 1988; 26–33.

2. Lander J. Skin them bones: game programming for the web
generation. Game Developer Magazine May 1998; 11–16.

3. Lander J. Over my dead, polygonal body. Game Developer
Magazine October 1999; 11–16.

4. Weber J. Run-time skin deformation. In Proceedings of Game
Developers Conference, 2000.

5. Wang XC, Phillips C. Multi-weight enveloping: least-
squares approximation techniques for skin animation. In
Proceedings of 2002 ACM SIGGRAPH/Eurographics Sym-
posium on Computer Animation, ACM Press, 2002; 129–138.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Comp. Anim. Virtual Worlds 2008; 19: 433–444

DOI: 10.1002/cav



DYNAMIC SKIN DEFORMATION
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
6. Mohr A, Gleicher M. Building efficient, accurate character
skins from examples. ACM Transactions on Graphics (SIG-
GRAPH 03) 2003; 22(3): 562–568.
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Physically based rigging for deformable characters.
Graphical Models 2007; 69(1): 71–87.

33. Angelidis A, Singh K. Kinodynamic skinning using
volume-preserving deformations. In Proceedings of 2007
ACM SIGGRAPH/Eurographics Symposium on Computer Ani-
mation, Eurographics Association Aire-la-Ville, Switzer-
land, 2007; 129–140.

34. Shen J, Thalmann NM, Thalmann D. Human skin defor-
mation from cross sections. In Proceedings of Computer
Graphics International, Melbourne, Australia, 1994.

35. Hyun D-E, Yoon S-H, Chang J-W, Seong J-K, Kim M-S,
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