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ABSTRACT: - Computer-aided cloth design is one of the quite popular research themes in recent years, and

the authenticity of it’s simulated result and the efficiency of simulation are two main research questions. The

cloth behavior not only determines the authenticity of simulation, but also influences the efficiency of
simulation. So 3D virtual clothing is simulated and rendered by the way of 2D patterning technique in this
study. In this method, the outlines of 2D cloth patterns are first drawn with B-spline curve, and the cloth
particles on the cloth pattern are then created. A logical method is used to construct the particles’
interrelations and triangular meshes on the cloth pattern, such that the established 2D cloth patterns can be
used in the 3D simulation. Finally the 3D virtual cloth is simulated by an approximate implicit method.
Through the proposed method, not only the simulation result which accord with the fabric behavior of the
cloth can be gotten, but also the feeling of different cloth and improvement the authenticity of the cloth can
be presented.
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1 Introduction
The simulation of 3D virtual cloth has been one of

the popular themes in computer graphics for more
than ten years in the past. There are two main goals
in research, one is to get the simulation result
authentically [1, 4, 24], and another is the efficiency
of the simulation [18, 33].

Among all kinds of models, mass-spring
model is simple and complete to describe fabric
behavior. Before 3D virtual cloth is simulated with
this model, we can derive out the differential
equation from the physics relation. Then the force
that acts on the particle on the cloth can be

calculated from the interrelation of particles in the
model, and the position of every particle on the
cloth can be calculated by iteration. Euler integral is
the most direct method among them, but it has the
unstable problem [29] and requires a small
time-step for obtaining a convergent solution that
makes the simulation process takes a long time. To
solve the unstable problem, several related papers
proposed a large time-step implicit integral method
[7]. The method could reduce the CPU time for
operation, so the implicit method is regarded as the
best choice to simulate the relationship between

cloth particles by mass-spring model. However, the



implicit method has also some problems, such as
the operation of a multi-step matrix is to be
concerned during the calculation process. So the
real-time simulation is unable to be reached.
Therefore Desbrun etc. proposed a method of
utilizing the calculation of anti-matrix [18] in the
implicit method to improve the efficiency of
real-time calculation. But the anti-matrix operation
can’t be omitted in this method. Young-Min Kang
etc. proposed an approximate implicit method [32,
33] to solve these problems in the simulation of a
3D wvirtual cloth to improve the efficiency of
simulation. They further proposed a bi-layer meshes
method to improve the efficiency of operation to get
the real-time result.

Most of the last researches related to 3D
virtual cloth simulation are focused on the
application of the simulated virtual cloth [13, 19, 25,
27, 31], but just the flattened 2D patterns have real
contribution in the garment industry [3, 9, 14, 26].
So this study is focused on discussing how to draw
the cloth patterns with fabric behavior. Through the
proposed method, not only the simulation result in
accord with the fabric behavior of the cloth can be
obtained, but also the feeling of different cloths can
be presented to improve the authenticity of the
cloth.

2 The Mass-Spring Model

The mass-spring model is a simple and
complete model to describe the fabric behavior of
the cloth. It mainly expresses the structure of a
cloth with the vertical and horizontal meshes, and
the intersection points of meshes are regarded as
particles. The particles maintain interrelations with
the spring structure so each particle becomes a
moving object influenced by various kinds of forces
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exist inside or outside of the model. There are three

kinds of different spring types [25] as shown in Fig.

1:

(1) Structural Spring: The spring links particle [i, j]
and particle [i+1, j] (particle [i-1, j], particle [i,
j+1] or particle [i, j-1]), such as that shown in
Fig. 1 (a). The main purpose of this spring is
used to maintain the distances between the
adjoining points, such that the adjoining points
can be located in an appropriate region.

(2) Shear Spring : The spring links particle [i, j]
and particle [i+1, j+1] (particle [i-1, j-1],
particle [i-1, j+1] or particle [ i+1, j-1]), such
as that shown in Fig. 1 (b). The main function
of this spring is to maintain the structure of the
meshes, such that the cloth meshes can
maintain the mesh form after it is subjected to
forces.

(3) Bending Spring : The spring links particle [i, j]
and particle [i+2, j] (particle [i-2, j], particle [i,
j+2] or particle [i, j-2]), such as that shown in
Fig. 1 (c). The main purpose of this spring is
to maintain the plane character of the cloth,
such that the cloth keeps the continuity during
simulation, and the simulated result will not
come into being the overly sharp angle on the
surface.
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Fig. 1 Spring types in the mass-spring model ()

structural spring (b) shear spring (c) bending spring

Therefore, while carrying cloth simulation out
with mass-spring model, the cloth would show



different appearance of different spring coefficient
were taken, as Fig. 2 shows. In addition, there are
two main border conditions to influence the change
of particle position. One is the natural force that
acts on the particle, for instance, the gravity, air
resistance and so on. Another is the spring forces
between the particles. So the new position of every
particle would be correlative with the positions of
all other particles on the cloth if the particles were
connected with various types of springs in the
model.

Fig. 2. Different cloth appearance simulated with
different spring coefficients

3 Cloth Patterns with Fabric Behavior
2D patterns gotten by through the proposed method
not only have the fabric behavior, but also can be
used to simulate and render the 3D virtual cloth,
such that the simulated results have authenticity.
The proposed method is described as follows.

3.1 Draw a cloth pattern with B-spline curve
The outline of a cloth pattern is usually made up by
various straight lines and curves. All kinds of
straight lines and curves can be constructed by
using B-spline curves with different orders. For
example, second ordered B-spline curve is a
straight line, and the third ordered one presents a
curve with different cambers. So B-spline curve
satisfies the requests for various kinds of 2D
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patterns’ outlines. Especially, the B-spline curve can
be used to present all kinds of curves by changing
the positions of control points to get the 2D patterns
we want. Therefore, B-spline curves with different
orders are used in this study to draw the outline of
cloth patterns and set up particles on the outlines.

One of the results is shown in Fig. 3.

Fig. 3 Draw a cloth pattern with B-spline curve and
set up particles on the pattern boundary

3.2 Get the particles in the pattern and Set
up their relations with a mass-spring model
Because the virtual cloth is simulated by the
relation of particles on the cloth to present the
appearance of the cloth, the particles inside the
cloth pattern should be constructed, and their
relations are set up by mass-spring model. The 2D
patterns that could be used to simulate 3D virtual
cloth are obtained with the following steps.

(1) Getall particles inside the cloth pattern.

(2) Set up the outline of the particles inside the
cloth pattern.

(3) Set up the relations of the particles inside the
cloth pattern by mass-spring model, and set up
the triangular meshes using the particles inside
the cloth pattern.

(4) Set up the interrelations between the inside
outline and outside outline, and set up the
triangular mesh.

Finally, the cloth pattern meshes shown in Fig. 4 is

obtained. It not only has the fabric behavior but also



can be used to simulate the 3D virtual cloth.

Fig. 4. 2D cloth pattern with fabric behavior

4 3D Virtual Cloth Simulation

After the 2D cloth patterns have been drawn
with the proposed method, an approximate implicit
method and collision detection technique are used
to simulate the 3D virtual cloth in a three
dimensional environment. One of the simulated
results of a 3D virtual cloth is shown in Fig. 5. It
looks like the 3D virtual cloth has the fabric
behavior of the real cloth, and consequently the
accuracy of the proposed method is proven.

Fig. 5 A 3D virtual cloth simulated with the
proposed method

5 Conclusion
Computer-aided cloth design is one of the
themes in

various and challenging research
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computer graphics. Though the most researches are
focused on simulation and visualization of a 3D
cloth, the creation of 2D patterns is the real
contribution in the garment industry. A method of
drawing 2D cloth patterns with fabric behavior that
can also be used to simulate a 3D virtual cloth to
get different cloth appearances by changing the
spring coefficients in the mass-spring model is
proposed in this study. In further research, if the
multi-mesh algorithm could be used, then the
efficiency of simulation could be improved and is
used in order to a real-time result.
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