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Abstract

This paper presents a virtual sculpting system that shows an approach to the interactive deformation of soft
objects. The soft objects are represented by implicit surfaces which are visualized using a constrained patrticle
method. Those particles are arranged in an efficient cubical structure in which its processing speed is faster than
some other surface sampling algorithms. The sculpted result can be stored in a compact form by interpolating
the constrained particles using scattered data interpolation. The user can control the complexity of the sculpted
shape by specifying the sampling density. In addition, the way in which the tool deforms the clay can be controlled
explicitly by some control parameters. The surfaces are displayed with a stereoscopic viewer and the virtual tools
are manipulated using a spaceball with 6 degrees of freedom.

Key words:Implicit surface, Virtual sculpting, Scattered data interpolation, Soft object, Stereoscopic.

Categories and Subject Descriptaiscording to ACM CCS) 1.3.2 [Computer Graphics]: Graphics Systems; 1.3.7
[Computer Graphics]: Three-Dimensional Graphics and Realism

1. Introduction resentation to modelling soft deformable objects such as a
The use of implicit formulations to describe the geome- piece Of clay_thar_w parametru_: surfa(?e_s. Another usef_ul char-
acteristic of implicit models is that it is always possible to

try of .ODJECtS has become_ |_ncreasmgly popular in computer build new surfaces and shape effects by adding or subtract-
graphics nowadays. Implicit surface has many advantages .

. . . ing the functions that define them. However, in order to use
over methods using parametric surfaces where the points of . : S
. . L it as a model for a sculpting system, we suppose that it is
the object are given explicitly by maps from the paramet- : : ) . -
. . o . possible to build a complicated shape at interactive speed.
ric space to the object surface. The most significant one is

i . . There are two major steps to such a sculpting system. First,
that itis much easier to smoothly deform objects represented . .
S . L model the interaction between the tool and the clay and sec-
by implicitly defined surfaces. Implicit surfaces are always : .
ondly store the results of many such actions in a compact
closed and can always be blended smoothly and as such, they,
. . . . form [NMO1].
present an effective approach to interactive sculpting.

Gascuel presented an approach to modelling deformable
objects in £G93. This approach was extended by No-
ble and McDermott by incorporating a control parame-
ter [NMO1]. In their approach, a precise contact surface
which maintainsC! continuity can be produced. This ap-
proach can be used to simulate the combined sculpting ac-
tions of more than one tooNZMO04].

Implicit surfaces are two dimensional, geometric shapes
that exist in three-dimensional spad@8B*97]. They are
surfaces defined by constant values on a potential field. In
implicit surfaces, the points belonging to the object are given
indirectly through a classification function which maps the
points in object space to a scalar value. The surface is defined
by the set of points that satisfy the equation:

f(x) =C xe R ) _ In this paper, an gpprogch to stori_ng the sculpted surface
in a compact form is investigated. This approach interpolates
wheref is a potential function an@ a constant value. It is the constrained particles ilNZMO04] and generates a sin-
much easier to use implicit surfaces as a mathematical rep- gle smooth polynomial implicit function that represents the
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sculpted surface. Section 2 discusses some previous works

of implicit surfaces. In Section 3, the mathematical method
concerned with the tool-clay interaction is discussed. Sec-
tion 4 introduces a more efficient particle management data
structure that is used in this system. The scattered data inter-
polation method this system employs is discussed in Section
5. Some of the implement details and experimental results
are given Section 6. In Section 7, some problems associated
with this system and some possible further improvements
are investigated.

2. Related Works
2.1. Implicit surfaces

Implicit surfaces can be divided into three different classes.
One of them is a surface that is generated from a set of point
charges or line charges, for example, blobby or meta-ball
surfacesBli82]. The implicit function of this kind of surface

is the summation of the Gaussian functions. Another class of
implicit surfaces is the algebraic surface which is described
by a polynomial function. A good introduction to this topic
can be found inBBB*97]. Convolution surfaceBS91 is

the most complicated implicit surface. The surface it gen-
erates is the convolution of a filter kernel with a polygonal
skeleton. Convolution surfaces can be used to model com-
plex shapes with skeletal structures.

One of the disadvantages of an implicit surface is that it
is not as easy to visualise as a parametric surface. In this
paper, a physically-based sampling algorithm introduced by
Witkin and Heckbert in \WH94] is used. It is also used to

generate the scattered data sets which the interpolation algo-

rithm works on. Some of the key issues will be discussed in
Section 4.

2.2. Virtual sculpting

Virtual sculpting is a method of deforming a virtual object
in a free-form manner. It has been a subject of interest to

Surfaces with Scattered Data Interpolation
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Figure 1: The areas of tool and clay interaction

using variational interpolation. This method performs defor-
mation by directly manipulating the clay instead of deform-
ing the clay using other implicit objects.

Matsumiyaet al proposed another immersive sculpting
system using implicit surfacesM[TY0Q]. In this paper,
a free-form interactive modeling technique based on the
metaphor of clay is presented. It is an immersive modeling
system which enables a user to design intuitively 3D solid
objects with curved surfaces by using an electronic glove.
Wong et al presents another sculpting method based on the
use of an electronic glov&JLMO0O]. The main idea of their
system is to make use of the data collected from the elec-
tronic glove to create a parametric surface controlled by the
hand, which is basically an Open-Uniform bicubic B-Spline
tensor product surface. The sculpting action is performed by
mapping the object to be sculpted onto the surface of the
controlling hand.

Adzhiev et al introduced another approach to doing
computer-added sculpting concerned with the creation and
modification of digital models based on physical abstract
sculptures ACKP05. A specialised computer language
named HyperFun is introduced which facilitates the mod-
elling of complex objects. Gaiat al presented a spatial de-

many researchers. In recent years, numerous techniques havéormation method called warping sculpting iG#105]. In

been developed for constructing a virtual sculpting system.
Most of the methods developed concentrate on deforming
free-form surfaces by modifying either the control points or

the sample points one by one.

An early paper on virtual sculpting was by Bill and
Lodha BL95]. They proposed a sculpting system based on
the polygonal model. In this system, the user may alter the
topology, but he has to specify the new connectivity at a tri-

this approach, the object is deformed by warping the sur-
rounding space.

3. Tool and Clay Interaction

The first task for developing a sculpting system is to simulate
the deformation of the virtual clay when clay and tool are
interacting.

angle level. Galyean and Hughes use a better data storage For two objects, the interaction can be illustrated by Fig-

method in which the clay is recorded as a set of values on
a rectangular gridgH91]. Turk and O’Brien presented an-

urel[CG93. O1 andO, are two implicit objects wher®;
represents the clay ar@, represents the tool. The two ob-

other interactive deformation method based on Witkin's con- jects are defined by:

strained particle algorithm inTP02. In this approach, the
clay is displayed and controlled using the constrained par-
ticle method. The resulting implicit function is derived by

xeR

Srepresents the surface on which b@handO, have the

filx)=c
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Figure 2: The contact surface of the clay. (a) With@ftinc-
tion, a = -2; (b) With 8 function,a = -2.

same function valud;j is the part of undeformed surfaCe

inside O;. V, is the part ofO; betweenS andlji. The area
of V1 andV; altogether is called contact regidR. is called
intact region andH is called propagation region.

3.1. Modelling of the clay

Suppose there are only two objects. As shown on Figure
01 represents the virtual clay aridb represents the virtual
tool. WhenO; and O, make contact, both objects are de-
formed and produce a common contact surface

For Oq, the surface deforms fromy, to S,. For Oy, the
surface deforms frorp, to S, (Figurel).

As discussed inNZMO04], the common contact surface
functions of two objects can be formulated as:

h1(x) = f1(X) + B2(X) - g2(X) 2
%00 :{ SZ(fZ(X)_C) XOteh\e/lrwise ®)

and the deformed shape of the clay after multiple sculpt-
ing actions can be represented as:

) = 69+ 5 Bi-o0 @
oy ai(fix)—c) xeV
G0 = { 0 Othelrwise ®

In both representations,

1 X € V:
Bi(x) ={ fi(x)/c Othelrwise ’

a € [—00,+0]

In the above equationiy (x) and f1(x) represent the re-
sulting clay function and original clay function respectively.
fi(x) represents the function of virtual tools whier 2. The
definition ofg;(x) guarantees that the surfaced® contin-
uous at the join of the propagation region and the contact
region. Asa varies from—oo to 0, a concave depression
is produced and ag varies from 0 to+oco a convex bulge
is produced. Figur@a shows the deformed shape without
using Bi(x) function. Thef;(x) function makes the result-

(© The Eurographics Association 2005.

l\/ 2 il

Figure 3: The sculpted shape of the clay with multiple
sculpting actions. (a) Five sculpting on a spherical clay,
o = —1; (b) A torch sculpted using a rod clay

ing functionC' continuous. Keeping;(x) = 1 inside the

tool guarantees that the contact surface is maintained. The
deformed functiorh; with B;(x) function integreted is illus-
trated by Figureb.

Equation4 can be used to simulate the combined sculpt-
ing actions of more than one tool. The total deformation is
the sum of the deformations of the individual sculpting ac-
tions. Thereforeh; is still C* continuous in Equatiod. Fig-
ure 3 shows some sculpted shapes of multiple sculpting us-
ing the previous sculpting prototype system. More detailed
discussion about modelling the multiple tools actions can be
found in NZMO4].

4. Constrained Particles

A visualization method called constrained particles is used
in this system to sample the implicit surface. This method
is first introduced by Witkin and Hecbert inffH94]. The
basic idea of their method is to solve a constraint prob-
lem by defining an objective function and deriving some
constraints from the implicit function. This algorithm starts
with just a few particles which spread across the surface.
At the same time, they will keep fissioning until all the par-
ticles get to equilibrium. When all the particles are in sta-
ble states, they are evenly distributed on the surface. This
method can be used to display a surface with good sampling
density if the proper parameters are given. It provides an
algorithm that visualizes the implicit surface at interactive
speed. Witkin’s method was originally designed for manip-
ulating two kinds of particles: control points and floaters.
However, it is only used in this system to visualize implicit
surface. Therefore, all the particles are floaters and the shape
parameter is treated as a constant. The implementation de-
tails of Witkin’s method in this sculpting system can be
found in NZMO4]. Moreover, the constrained particles are
also used as the scattered data point for the scattered data
interpolation algorithm.

4.1. The PDS structure

In Witkin's algorithm, each particle is given independent
control. The only way they "communicate" with others is
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to use another control called repulsion radius. For an indi-
vidual particle, all the particles within the repulsion radius
have non-negligible effect to it. A Particle Division System
(PDS) is an enhancement of constrained particles. This idea
was first introduced by Heckbert iflpc97.

Implicit Field

Implicit Field

(" Sculpting

It comprises a more efficient data structure which arranges
all the particles in order and a series of operations that may
selectively pick particles they need. Therefore, some expen-
sive calculations apply only to particles that the query op-
eration picks up. That means we can save computation time

by simply ignoring those particles which are distant to the - kjgyre 4: Two methods of constructing the deformed implicit

particle being considered. Since the repulsion radiisthe function (Left) The original method; (Right) Surface Recon-
standard deviation of the Gaussian energy function, we say gty ction

that if the distance between two particles is more than 3
the energy they give each other is negligible.

Deformed Implicit Function

Constrained Particles
Interpolation

l Deformed Implicit Function

I

l Constrained Particles l Rendered Image ‘ Rendered Image

In the sculpting program, 3D space is divided intox2 position where sculpting actions are made. Therefore all of
2% 2X cubes, each of which consists of a linked list of the the invisible tools have to be kept in order to calculate the
particles within it. Thek should be no more than 6. Dur-  sculpted shape. It has an obvious problem that the number
ing the running process of this program, queries of looking of terms in Equatiod becomes larger if more sculpting ac-
up adjacent particles can be answered quickly with this grid tions are made.
data structure by finding all cells that intersect or lie interior

to the sphere of radiuscentred ap. If N represents the number of terms in the field function

of the sculpted shape, then:

The best performance can be achieved by selecting the N—N N 6
proper cube size so that the list traversal cost and the calcu- =N +Ns (©6)
lation cost are balanced. If the cell size is very small, the list whereNy, ) is number of terms of the original clay function
tranversal cost will be very high since many cells must be andNs is the number of sculpting actions. A increases,
visited. If the cell size is too big, the advantage of the PDS the whole process will be slowed down and more memory
will lost. will be required.

Table 1 shows that the PDS version is almost two times
faster than non-PDS version.

To prevent this, a compact and concise representation of
the deformed shape is needed. The complexity of this repre-
sentation should be independent to the number of sculpting

Number of PDS Non-PDS actions.
Radius (Units)| particles | (Seconds)| (Seconds)
2 54 2 2
3 110 4 7 5.2. Surface reconstruction
4 224 6 13 One possible solution to the problem is to use surface recon-
5 307 12 27 struction technique. The idea is that the deformed implicit

function is always constructed from the positional data set
that is used to visualize the implicit field, instead of the orig-
inal implicit functions. The resulting representation is an in-
terpolated algebraic function generated using scattered data
interpolation method. The difference between this method
and the original method is illustrated in FiguteThe major
differences of these two approaches are:

Table 1: The Speed of PDS and non-PDS version

5. Scattered Data Interpolation
5.1. The problem

The ideas introduced in Section 3.1 and 3.2 simulate the
tool-clay interaction by manipulating their potential fields.
However, the clay acts like an elastic balloon. It deforms
when the tool penetrates the clay and regains its original 2. The deformed implicit function generated from the sur-
shape after the tool leaves. Therefore, in order to deform the face reconstruction method is independent of the implicit
soft object, a new implicit function for the deformed soft-  function of the original clay and tools.

object needs to be constructed.

1. Tool lists are not needed for the surface reconstruction
method.

3. A new interpolation algorithm is needed for the new

In the previous approactNEZMO04], the implicit function approach. This algorithm is used to construct a smooth, con-
of the deformed shape is calculated by using both the im- tinuous and closed implicit function from the positional data
plicit function of the clay and some invisible tools at the set.

(© The Eurographics Association 2005.
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Original Implicit
Function

New Implicit Function (From
original implicit functions)

Constrained
Particles Mathod
Constrained
Particles

Scattered Data
Interpolation

New Implicit Function (Independent
of the original implicit functions)

Figure 5: The surface reconstruction algorithm

4. The original deformation algorithms can still be used in
the new approach.

5.3. Scattered data interpolation

In this sculpting system, a variational scattered data inter-
polation method TO0Z is used to construct the resulting

surfaces. These surfaces are created by interpolating the par-
ticles through which the surface should pass, and also the

points that are interior or exterior to the surface.

Mathematically, the scattered data interpolation can be de-
scribed as following: Given a set of poings, and its corre-
spond function valug; ,find a functionf so that:

f(pi) =V ()

Figure5 illustrates how the surface reconstruction method

works in this sculpting system. With all the constrained par-

ticles, the variational scattered data interpolation method is
employed to find a proper function whose trajectory passes
through every particle smoothly. For any two particles, there

are infinite ways to join them but the smoothest one could be
selected if the smoothness is properly defined. In this paper,
smoothness in 2D is defined by an energy function:

E(f) = /Q £2(x) + 262/(X) + £2,(x)dx @®)

This energy function is introduced in surface reconstruction
by Turk in [TO0Z. In this equationQ is the region where
the interpolation applieS‘.fx(x) is the second partial deriva-
tive in the x direction and the other two terms are similar par-
tial derivatives. It is clear that any unsmooth segment of in-
terpolated surface will result in a large energy value. There-
fore, the interpolation solution is the functid(x) that pass

i=12--,n

form:

1 = iw(w—nn)w(x) ©

wherex € R® represents a general poirtis the constrained
particles which the resulting surface should passs the
weight for constraint point and P(x) is a low degree lin-
ear polynomial with respect to variables/, z. Alternatively,
P(x) could be a linear polynomial represented as a con-
strained ellipsoidg is a radial basis function which can au-
tomatically solve differential equations, such as the energy
function Equation8. The radial basis functions have been
widely used for function approximatioh\VP*04] [TO02Z.

The function used in this paper is a commonly used radial
ba??is function for three dimensional interpolatiapix) =

x]°.

To solve the set o and the coefficient of linear poly-
nomial functionP(x) that will satisfy the interpolation con-
straintsf(p;) = vi, the right side of Equatiof can be sub-
stituted forf (p;), which gives:

k
|(Xi):_z\)‘i¢’(”pi—pj||)+P(pi) (10)
I=
EquationlOis a linear system:
AX =V (11)
where
[ 11 @2 Qi3 ox 1 p p; ]
®1 @2 @3 ox 1 p P2 Ps
M1 @32 @33 e 1 p3 p3 p3
A= Qa P2 Dz - Bk 1 P P P
1 1 1 1 1 0 O 0 0
PP P Pk 0 0 0 0O
pi pé pé pg 0 0 0 O
L PI Pz P3 p 0 0 0 0]
_)\1_ -Vl ]
}\2 V2
}\3 V3
X=1 A and V=] w
a 0
b 0
c 0
L d | L 0 ]

Using Equationll, the weights of the radial basis func-
tions and the coefficient of the linear paa I, c,d) can be

through all the constraint particles and that has the smallest solved and the resulting function is generated. However, the

energy value.

In the interpolation methods used in this system, the can-
didate functions for representing an implicit surface take the

(© The Eurographics Association 2005.

system gives poor interpolating result if only the constrained
particles are used, i.e.:
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whereC is a constant value. That is because the interpola-
tion algorithm does not have any information about the in-
terior/exterior of the surface. In the sculpting system, some
other constraints called internal/external constrained parti-

cles are introduced. These particles have potential values that

differ from the potential at the surface. This helps determine
the interior/exterior of the surface. These particles are found
by applying a small displacement from the constrained parti-

cles along the surface normals. For each constrained particle,

there is one interior and one exterior particle correspond-
ing to it. Therefore, the number of terms of the interpolating
function withn constrained particles in3+- 4.

5.4. Improvement with surface reconstruction

The surface reconstruction routine is employed to make the
resulting function compact and independent of the number
of sculpting actions.

With the surface reconstruction method, the surface de-
formation routine (Equatio, 3, 4, 5) can be described as
following:

For the first sculpting action:

h(x) = f1(X) + B2 - g2(X)
g2(X) = ap(fa(x) —©)
I1(x) <= hi(x)

For the rest of the sculpting actiorisX 2):

hy(x) = 17100 + Big1 - Gisa(x)
gir1(X) = aiz1(fiy1(x) —©)
I'(x) <= hi(x)

whereh’; (x) is the resulting clay function aftésculpting ac-
tions and'(x) is the interpolated clay function aftesculpt-

ing actions. The arrow means the left hand side function
is calculated by interpolating the constrained particles that
sample the right hand side function.

Sinceli(x) takes the form of Equatiof, its complexity

only depends on the number of data points being used in the

interpolation algorithm rather than the number of sculpting
actions. Therefore, the performance of the sculpting system
will not degrade as more sculpting actions are made.

5.5. Controlling the number of particles

In the sculpting system, users are allowed to specify the
number of particles they need to visualize and interpolate
the virtual clay. This is required by the interpolation algo-
rithm so that the interpolated function (Equati®nhhas a
fixed number of terms. In Witkin's papeWH94], arbitrarily
specifying the number of particles is not possible. Therefore,
it is modified by introducing a feedback control param&er
and changing the fission/death conditions.

The key is that Witkin's algorithm manages particles by

fissioning and killing them. Both birth and death depend
upon the particles’ radius of influencg in the form:

Fission ifa' > &
Killif ¢ <8-6

whereg is the constant desired repulsion radius @risla
constant. The particles will be in equilibrium if the distances
between all the particles are equal to the desired repulsion
radius so that the energy between them is balanced. The
value & effectively controls the packing density and hence
the number of particles.

In this system, by introducing a variab& the particle
density can be changed by replacing the desired repulsion
radius bySG . TheSis a feedback function depends on the
difference between the actual number of partictesnd the
desired number of particlds. The number of particles can
be driven to the desired value by updati@@ach iteration

by:

S=S+S-(n—N)-t (13)

Wheret is a user specified variable which controls the speed
of approaching tiN.

In the sculpting system, the complexity of the resulting
shape is limited by specifying a given number of particles.
It is important to use a sufficient number of particles. Oth-
erwise surface resolution will be limited and surface details
will be lost. Figure6 shows the reconstructed object from a
same shape using different numbers of particles. The resolu-
tion problem is one of the problems need to be addressed in
future research.

6. Sculpting System and Results

This program is an improved version of the prototype system
introduced in NZMO4]. It performs sculpting in two stages.
First, Equation2 and 4 are used to deform the clay as the
sculpting take place. The constrained particle algorithm is
then used to visualize the surface. The constrained particles
sample the potential field and, at the same time, collect in-
formation needed for interpolation. Secondly, each time the
user performs a sculpting action, the interpolation algorithm
is performed to find the new clay function.

After the user finishes sculpting, the sculpted surface may
be rendered using the polygonization algorithm. In addition,
the interpolated sculpted function can be exported to some
format which can be used in rendering packages. Users can
go back to the sculpting stage and modify the clay at any
time.

Figure7 shows the interface of the sculpting system when
the user is sculpting on the clay. The program runs on a Pen-
tium 4 / 2.66GHz PC with a stereoscopic attachment and a
3D spaceball. It is able to perform sculpting actions at inter-
active speed with fully 3D control using the spaceball which

(© The Eurographics Association 2005.
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a B
Figure 8: A monster head sculpted from spherical clay.
Number of particles = 120.
b c d
" : " Ep = " r' .‘ ‘. --. ‘L : LTS
e v T W T ‘;*’, . E 7,
e f g r': 4‘ ‘J g & ; “ My ”’.‘ :" L ' v “‘:‘
jvjv' v B ' v “" l'  J 0 e v “"‘
Figure 6: Surface reconstructed from different number of M. & Tmgm T : S R e
constrained particles. (a) Original shape; (b) 5 particles; P m g E - v e s 5
(c) 10 particles; (d) 20 particles; (e) 40 particles; (f) 60 par- ¥ B a® A
ticles; (g) 80 particles. i )
Figure 9: Particle sampled monster head. Number of parti-
cles =120. (Left) Sculpted shape with phantom tools without
e — using interpolation. (Right) Sculpted shape after interpola-

tion.

7. Future Work

In this system, a user sculpts on a particle-sampled surface
rather than a solid surface. It is possible for a user to per-
form a sculpting action in the gap between particles when
they are sparsely distributed. As a result, the particles can
not "feel" the full local deformation of the potential function
and the interpolated function will not be calculated accu-
rately. FigurelO shows a monster head sculpted from spher-

. ) ) ical clay with inadequate number of particles used for inter-
Figure 7: User interface of the sculpting system polation. Basically, it is a resolution issue. Although the user
sculpts the actual surface in terms of the underlying func-

has 6 degrees of freedom. A pair of shutter glasses is used
to help the users recognize the shape in 3D when they are
sculpting.

Figure 8 shows a monster head that was created using
this system using spherical clay using 120 particles. Fi§ure
shows the particle sampled monster head at an earlier stage
of sculpting. These two images show that deformed surface
can be clearly approximated by the interpolated algebraic
function. An numerical evaluation to measure how closely Figure 10: A monster head sculpted from spherical clay with
the interpolated surfaces matches the original surface is cur- inadequate number of particles. Number of particles = 30.
rently underway.

(© The Eurographics Association 2005.
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tion, the display and the interpolation are based on the par- Proceedings of SIGGRAPH 93993), vol. 27, pp. 313—
ticles. The sampled surface, given by the particles, therefore  320.

suffers from aliasing, or a limited resolution and the interpo- [GH91] GALYEAN T. A., HuGHESJ. F.: Sculpting: An

lated function is not entirely accurate. interactive volumetric modeling technique Computer
To maintain the maximum possible accuracy, it is impor- ~ Graphics 254 (1991), 267-274.

tant that the constrained particles are moved to positions [GM05] GAIN J., MARAIS P.: Warp sculpting. IEEE

which minimize the visualization and interpolation error. Transactions on Visualization and Computer Graphics 11
Since high detail is associated with high curvature, we 2(2009), 217-221.

propose to investigate controlling the particles to bias them [Hec97] HECKBERT P.: Fast Surface Particle Repulsion
towards the higher curvature regions and away from “flatter”  Tech. rep., CMU Computer Science Tech, 1997 1997.

low curvature regions. [LWP*04] LI Q., WiLLS D., PHILLIPS R., VIANT W. J.,

The previous section showed how to control the totalnum- ~ GRIFFITHS J. G., WARD J.: Implicit fitting using ra-
ber of particles on the surface and we will investigate modi-  dial basis functions with ellipsoid constrainComputer
fying the control to achieve the required bias. Graphic Forum 231 (2004), 55-69.

[MTYO0] MATSUMIYA M., TAKEMURA H., YOKOYA
N.: An immersive modeling system for 3d free-form de-
sign using implicit surfaces. IRroceedings of Virtual Re-

This paper presents an approach to doing interactive sculpt-  ality Software and Technology 20(®eoul, Korea, 2000),

ing using implicit surfaces. One major advantage of this sys-  pp. 67-74.

tem is that the resulting shape is stored in a single com- [NMOL]

pact implicit function whose complexity is independent of using implicit surfaces. IfProceedings of International

the number of scglpting a(_:tions and is controllable b)_/ the Conference on Visualization, Imaging and Image Process-
user. The constrained particles are not only used to visual- ing (Spain, 2001), pp. 107-112.

ize the implicit object at interactive speed, but also used as

the input data set for the surface reconstruction algorithm. [NZM04] NOBLE R., ZHANG K., MCDERMOTT R.: An
The particles are arranged and managed in a more efficient investigation of multiple tools actions for virtual sculpting
data structure which doubles the processing speed. In addi- Using implicit surfaces. IProceedings of EuroGraph-
tion, both 3D control devices and the stereographic viewers ~ ICSUK, Theory and Practice of Computer Graphics 04
are used to give the user a real 3D experience. Further work ~ (Bournemouth, 2004), IEEE, pp. 24-31.

needs to be done on investigating the resolution problem and [TO02] Turk G., O'BRIEN J. F.: Modelling with im-

8. Conclusion

NoBLE R., MCDERMOTT R.: Virtual sculpting

complicated tool actions. plicit surfaces that interpolate. ACM transactions on
Graphics 214 (2002), 866-873.
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