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Creating 3D Model by Area Deformation
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Abstract: The using of Computer Aided Design (CAD) in wide range of applications has evoked many
researches in developing an easy and intuitive computer-based tool for creating both real and virtual 3D
objects. This paper describes an algorithm to deform an area on surface inside the closed-curves defined by
user, allowing easy creation of 3D models from scratch that begin with a simple surface as base surface and then
modify the base surface using a sequence of closed-curves. We implement the algorithm of area deformation
in the framework of wavelets-based multiresolution surface, so that other editing operations applicable to the
multiresolution surface can be directly applied to the final 3D model. The experiment shows 3D model examples

that can be easily created by the algorithm.
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INTRODUCTION

Although, CAD has been used in wide range of
applications, including automotive, architectural,
entertainment industries and many more, the tools
currently available in commercial CAD systems that
support the designing of 3D models are still not
sufficiently suited (Cheutet et al, 2004). As a
consequence, developing many types of computer-based
3D models editing tools which consider quality, cost,
intuitiveness and aesthetic aspects has became an
emerging research direction in recent years. The ultimate
goal of researches in this area is to empower 31 modelers
with direct control of a model’s shape, freeing them from
understanding the underlying machinery.

In computer-based modeling, sketching on study is
often used in the early prototyping stages of a design,
before the depicted design is manually converted into a
3D model by a trained 3D artist (Fig. 1). However, the
interfaces in current commercial 3D modeling systems are
mostly based on constructing geometry by selecting
operations from menus, entering parameters in dialog
boxes and moving control points, which are more natural
to computer scientists and engineers than to artists
{Olsen et ai., 2005), who usually perform the 3D modeling
by drawing or sketching. An alternative modeling system,
which is based on sketch, ideally provides a more natural
interface and enables the less technically artists to
leverage their sketching and drawing skills for model
creation.
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Fig.1:a) Sketch of vase, b) before converted into 3D
model of vase

SKETCH system of Zeleznik et af. (1996) and Teddy
system of Igarashi et af. (1999) are examples of modeling
system that create a mesh based purely on a user’s
two-dimensional skefch. There are also other works that
begin with an existing mesh and then continued with
sketch-based editing to manipulate the mesh. The
research classified in the later category are: system of
Lawrence et of. (2003), which allow user to manipulate the
mesh with sketching a velocity on the surface of a mesh,
system of Funkhouser et af. (2004) presenting a modeling
by example that allows user to sketch portions of the base
mesh for editing, as well as to cut out parts from other
meshes to import into the base mesh and system of
Zelinka et af. (2004) that also present a modeling by
example, except their examples are not other meshes but
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user-drawn curves that guide deformation along
slices through the mesh. Free-form deformations
(Sedenberg et al., 1986; Singh et al., 1998) modify a given
surface shape through a suitable deformation, typically
using a force field function. The advantage of these
methods is that they are in principle, applicable to any
surface modeling setting. However, due to smoothness
constraint of the underlying surface, implementation of
free-form deformation, which should allow deformation on
arbitrary area of surface is not trivial, more over if the area
border are not aligned with iso-parameter lines or patch
boundaries of the surface.

The goal of the research is to describe an algorithm
to deform an arbitrary area on surface inside the closed-
curves defined by user, allowing easy creation of 3D
models from scratch that begin with a simple surface and
then modify the base surface using a sequence of closed-
curves. We implement the algorithm of area deformation
in the framework of wavelets-based multiresolution
surface, so that other editing operations applicable to the
multiresolution surface can be directly applied to the final
3D model. The surface representation we used is
endpoints interpolated cubic B-spline surface, which have
uniform knots distance except knots at surface endpoints
which have multiplicity 4. This surface is defined using
patch scheme, which is computed from tensor product of
parametric basis function. The basis functions is
polynomial functions with degree 3, have continuity C2 at
joint (meeting point between two series of surface
patches) and have uniform knots distance.

MATERIALS AND METHODS

Overview of the system for creating 3D models from
scratch using simple multiresolution surface as the base
surface and then, modify the base surface using area
deformation defined by a sequence of user’s closed-
curves is shown in Fig. 2. There are three main processes
in the system: process for creating a simple
multiresolution base surface, process for drawing a
closed-curve on the base surface, process for deforming
an area on surface. The right column of Fig. 2 shows the
design example after completing each process.

The first process creates a base surface using mesh
of control points inputted by user. In the second process,
user draws closed-curve on the base surface and inputs
height of deformation. The third process deforms an area
inside the closed-curve with positive or negative height
specified by user. User can repeat the second and third
process to draw a sequence of closed-curves and
apply the area deformation until he gets the desired 3D
model.
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Fig. 2: Overview of the system for creating 3D model
using area deformation

Creating a simple base surface: Since, we use
wavelets-based multiresolution surface as the framework
of the algorithm, the surface can be represented in
different resolutions, allowing local editing as well as
global editing while preserve the detail information of the
surface. Let multiresolution of tensor product b-spline
surface ¢ (u, v) be defined as an element of a certain
functional space V", computed by:

2n+32n+3

(M

where, X" is a control points mesh with size m>m in R’
m = 2™3. User can create a simple base surface by
inputting mesh of control point’s x", with size 4x4 at
resolution 0.5x5 at resolution 1.7x7 at resolution 2, etc.

The multiresolution surface is extension to the
research of Finkelstein et al. (1994) in multiresolution
curve. Decomposition process that split the mesh of
control points x" into lower resolution mesh x™', detail in
row dx™' and detail in column dy™' is computed by using
analysis filters A" and B" as follow:
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As of the
reconstruction process which allows recovering the
original mesh of control points x* from x*, dx™' and
dy"' is computed by using synthesis filters P*and ("
as follow:

nverse decomposition  process,
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Drawing closed-curve on the base surface: We use
uniform cubic B-spline curve to represent the closed-
curve defined by user. Uniform cubic B-spline curve 1s a
curve composed by cubic B-gpline basis function with
uniform knots distance. Cubic B-spline basis function is
a parametric polynomial function with degree 3, piecewise
and has contimuty C2 at joint. Continuity C2 means that
the basis function has continuity at position, first
derivative and second derivative.

Figure 3a shows the example of curve composed
using uriform cubic B-spline basis function. One segment
of uniform cubic B-spline curve is defined using 4 control
points. The curve approximates the 4 control points which
have index from 0-3. Since each curve segment. is defined
using 4 basis functions, the curve requires 3 more basis
functions and 3 more control points than the number of
curve segments. Fach basis function has non zero value
at 4 parametric intervals. The most left basis function adds
3 extra intervals m the left of curve and the most right
basis function adds 3 extra intervals in the right of curve.
There are m+1 control peoints, m+]1 basis functions,
m-2 curve segments in the range of m-1 knots and
m-14+3+3=m+5 knots in total. Cwrve is drawn with T
parameter running from u, tou_, .

The curve example shown in Fig. 3a has the last index
of control point m = 9. The curve consists of 7 segments.
Its defimition requires 10 basis fimctions and 10 centrol
points at u, £u<u,, with parameter space u, £u<u, .
The uniform cubic B-gpline basis function used to
compose the curve in Fig. 3a is shown in Fig. 3b.

In order to draw a curve, some control points V; have
to be defned first and then, the control points are used to
draw curve (Q using the following equation:

Q (u)=V,,b.(u)
=V b (u)+V_ b, (u)+ 4
V._b,, (u + Vl_ub_u(u)

The basis functions b, (u) for cubic B-spline curve are
shown in Fig. 4 and have the following equation:
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Fig. 3: a) the example of uniform B-spline curve, b) the
basis functions of uniform cubic B-spline
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Fig. 4: Umform cubic B-splme basis function B, , (u)
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Area deformation: Surface deformation is carried out on
the area bordered by the closed-curve defined by user. In
this case, there are two problems. First, how to identify
mesh of control points located inside the area of the
closed-curve? Second, how to displace the mesh of
control pomts, while maintaining the smoothness of the
base surface? If the cwve boundary is aligned with
control points mesh or patch of surface, computing the
displacement of control points
boundary 1s relatively easy, but if the curve boundary 1s
not aligned with control pomnts mesh or patch of surface,
due to smoothness constraint, computing the
displacement of control points around the curve
boundary 1s not trivial.

In the algorithm, the three main steps used to deform
an arbitrary area on surface are ncreasing resolution of
surface mesh m order to mamtain smoothness of the
based surface, classifying all mesh of control points in

around the curve
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4 different types related to  their distance from the
closed-cwrwe and displacement the 3 types of the mesh of
control poirts accor ding to butters crth function profile.

Figure 5 shows the swface and mesh examples that
depict overview of the three main steps it the al gorithem.
Figure 5b and care irgng and output of the step 1, Fig Se
atid d ate irgoat and outpodt of the step 2, Fig 5d and e are
irgnat and outpoat of the step 3. While, imgoat and outpt of
the atea deformation d gorithem are showninFig Saand £
respectively.

Aince, we research in the framew ok of wavelets
multiresoltion representation of B-spline  sutface,
increasing atd decreasing the resolution of suwface mesh
cann be easily carried out. In the moultiresolution
representation, 0 is the coatsest resolition of the swface
congsted of 44 mesh of control points for each 2 ¥ and
Z cootdinates. Increasing the resolution of swface is
carried out by conpating Eq 7 with mesh of control
poitits at ourrent resolution asx™, 0 as detadl in rowr de!
and 0 as detail in column &' Since the higher the
resolution of the swface mesh, the more mambet of mesh
control points used to represent the suwface, representing
surface in hgh resolution would mairtain the shape of
detail featiwes and the smoothness of the suface in the
augm ettation process.

After increasing the resolution of mesh, each control
poitt iz classified into 4 different types related to its
position from the closed- o ve:

v Control points thet locate onthe closed ouwrwe

v Control points that locate ins de the closed- ourwe

»  Control points that locate at distance = radius from
the closed curve

»  Control points that locate at distance = radius from
the closed curve

*  Euclidian distanice is used to compute the closest
distatice between cortrol poirt and the closed curve.
The walue of radivsis stated as 1

Orly control points belonged to the type 1-3, will be
displaced into new position All contral poirts bel onged
to the tyrpe 2 and 3 are displaced in the swface normal
dire ction with positive or negative hei ght defined by user.
In order to mamntain smoothness of the swface new
position of all control points belonged to the frpe 1 is
computed vsing attersr orthy, one of the most commonly
used digital filters in itnage processing (Gorzales and
Whoods, 20023, as the force function. In its origind
application dotmain, bottersrorth filters are transition
hetween taro extreme filters, 1.2, [deal andGaussian filters,
which the shape canbe easily modified tothe others filter.
The following equation is used to define stterworth
funection:

fi4

Fig 5: Owerview of area deformation
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Fig é: The butterworth functions defined using different
values of parameter nand Dy, =05
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Figwe & shows shapes of tuterworth functions
defined by different valuesof r, Dy= 0.5 and r assamed as
Euclidian distance of contral points to the user-defined
curve. The valses of £ (1) vary from 1 to 0, with cut-off
frecquency(the transiion between £1) =1 and =MD,
and order of the function n We use values n=4 and
0, =03 in the algorithem of area deformation

RESULTS AND DISCU SSI0ON

The objective of experiment iz to show that the
gystem can be used to create simple 3D models from
scratch easily, We show the designing process of baro
objects: hat and panel in step-boyestep, to depict the
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intuitiveness and easiness of the system. In designing
process of the 2 models, user does not need to
modify/edit the surface by moving one-by-one of control
point mesh, since modifying the surface is specified by
drawing the closed-curve on surface as the intended area
of deformation. The experiments are carried out in Matlab
2008.

Hat model: The steps of creation hat model are shown in
Fig. 7. First, user defines control points mesh of simple
circle surface at resolution O as a base surface. The mesh
of control points of the base surface shown in Fig. 7a
are defined in X, Y and Z coordinates, each with size
4x4, as follows:

X Y Z
3467 7887 22 2 2
2468 66 606 2 25252
2468 4444 225252
3467 3223 22 2 2

Figure 7 shows grid and direction of coordinate X, Y
and Z, so that the reader could imagine the position of
each control points in 3D space. All control points in Z is
2, except control points in the middle that have value 2.5.
As shown in Fig. 7a, the circle surface is not flat, but a bit
high at center. Using mesh of control points inputted by
user, the system create a base surface by implementing
Eq. 1.

Next, user specifies the area deformation by drawing
closed-curve directly on the base surface, as shown in
Fig. 7b and inputting the height parameter. In this
example, the user inputs 0.5 as the value of height
parameter. As the result, area inside the closed-curve on
the base surface is deformed with height 0.5 (Fig. 7c¢).
Again, user specifies another area deformation by
drawing 2 closed-curves and 0.1 as height parameter, as
shown in Fig. 7d. Figure 7e shows the final design of the
hat model.

Panel model: The steps of creation panel model are
shown in Fig. 8. First, user defines control points mesh of
simple flat rectangular surface at resolution O as a base
surface. The mesh of control points of the base surface
shown in Fig. 8a are defined in X, Y and Z coordinates,
each with size 4x4, as follows:

X Y 7

2222 27 1215 2222
4444 27 12 15 2222
6666 27 1215 2222
8888 27 1215 2222
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(b)

(a)
Fig. 8: Step-by-step of creating panel model

Next, on the base surface, user draws 3 closed-curves
and 1 opened-curve, as shown in Fig. 8b. The final design
of the panel model after deforming areas inside the
closed-curve with positive height 0.1 is shown in Fig. 8c.

Since, we implement the algorithm of area deformation
in the framework of multiresolution surface, at the step of
creating base surface, user must input mesh of control
points with size that follow the rule of resolution. For
example, at the coarsest resolution 0, the size is 4x4 for
each X, Y and Z coordinate, atresolution 1 the size is
5x35, etc.

In creation hat and panel model, user input mesh of
control point with size 4x4 (resolution 0). During the
process of area deformation, resolution of the base
surface is increased to resolution 6, with size 67x67, in
order to maintain smoothness of the surface. The running
time of area deformation algorithm is sufficient fast,
regarding the need of interactive respond of the system.
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CONCLUSION

We have proposed an algorithm for deforming an
area on surface inside the closed-curve defined by user
and incorporate the algorithm to the system for creating
3D models from scratch. As shown in the experiment, the
system allows easy and intuitive creation of 3D models. In
order to modify, the surface shape, user just specifies the
deformation by drawing a sequence of closed-curves on
swface and inputting the height parameter. User does not
need to modify the surface by moving one-by-one control
points, which is known as a difficult and boring task. In
the next study, we plan to improve the system by
providing some simple surfaces as the base surface
and/or allowing user to create the base surface by
drawing a curve, that would avoid user to define control
points mesh of the base surface manually in the very first
step of creation 3D models.
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