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Abstract: In this paper we present a method for fast energy minimization of virtual garments. Our method is based upon

the idea of multi-resolution particle system. When garments are approximately positioned around a virtual
character, their spring energy may be high, which will cause instability or at least long execution time of the
simulation. An energy minimization algorithm is needed; if a fixed resolution is used, it will require many
iterations to reduce its energy. Even though the complexity of each iteration is O(n), with a high resolution
mass-spring system, this minimization process can take a whole day. The hierarchical method presented in this
paper is used to reduce significantly the execution time of the minimization process. The garments are firstly
discretized in several resolutions. Once the lowest resolution particles system is minimized (in a short time),
a higher resolution model is derived, then minimized. The procedure is iterated up to the highest resolution.
But at this stage, the energy to minimize is already much lower so that minimization takes a reasonable time.

1 INTRODUCTION (Clemens Gross, 2003). In this approach, 2D patterns
are positioned by hand around the body and then,
sewing is performed automatically. We developed an
automatic virtual dressing system (T. Le Thanh, 2005)
which can be used easily by a normal user who wants
to try garments virtually. This technique proposes a
2D manipulation method which will be coupled to a
3D mapping technique allowing to reach the final po-
sitioning. Even though this method gives a fully au-
tomatic pre-positioning, the springs used in the parti-
cle system are usually very deformed, which implies a
very hight energy that the system has to dissipate; this
requires a very small time step in the simulator lead-
ing to a long simulation time, so that an energy mini-
mization algorithm for the particle system is needed.
In this paper we introduce an efficient method for
the energy minimization using hierarchical decompo-
sition. The garment is firstly discretized in various
resolutions (from lowest to highest). Then the lowest
resolution particles system is minimized using a local
minimization algorithm, since the complexity of this
algorithm is O(n), it requires a short time to perform
the minimization. Next, a higher resolution of the gar-

With advances in computer graphics over the last few
decades, virtual garment simulation became popular
in many applications, from movie industry to fashion
and textile. Many papers in the area of virtual cloth-
ing have been published, from simplified cloth models
(Jerry, 1986), (C.Feynman, 1986), to more accurate
ones (Baraff and Witkin, 1998) (Lafleur et al., 1991)
(Choi and Ko, 2002) (Philippe Decaudin, 2006), some
surveys and comparisons of recent researches are
available in (Hing N.Ng, 1996), (House and Breen,
2000). A virtual garment is normally represented by
its two-dimensional patterns. These patterns can be
used to produce real garments in the textile industry
(CAD systems), or produced by a fashion designer.
More information is needed to be added to the 2D
patterns in order to produce garments. The automatic
pre-positioning of a garment around a digital body
is a difficult and challenging problem as we have to
sew the different pieces correctly. Some approaches
for dressmaking have been proposed. Some have

been introduced in the literature (Lafleur et al., 1991),
Thanh Tung L. and Gagalowicz A. (2007).
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the simulation of a complex nonlinear and hystereti-
cal garment can require a whole day to a week (in an
early work of Breen). To avoid the use of the simu-
lator to minimize the energy of the mass/spring sys-
tem, we propose a fast geometrical minimization al-
gorithm. Adopting the idea of multi-resolution, we
introduce an efficient method to decompose the gar-
ment in several resolutions; each resolution can be re-
constructed easily from another one. Once the energy
of the lowest resolution has been minimized, we then
reconstruct the next one from this one and its mini-
mization is applied. This process loops until the high-
est resolution has been minimized.

The remainder of this paper is organized as fol-
lows: Section 2 describes input data used in our algo-
rithm. Section 3 details the principle of energy min-
imization for mass/spring systems. We present our
multi-resolution technique for virtual garment simu-
lation in Section 4, by explaining the decomposition
of garments keeping their boundaries untouched. Sec-
tion 5 briefly presents the method used for collision
detection in our system. We finally give some results
validating our approach in Section 6, before conclud-
ing in Section 7.
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2 INPUT DATA

VAN

Figure 1: Input garment shape (left, middle) and output re-
sult using simulator (right).

The shape of the virtual garment is reconstructed
from a set of 2D patterns; these patterns come from
a CAD system or are created by a designer. In gen-
eral, a mass/spring system is used to model the me-
chanical behavior of cloth. Any virtual cloth mod-
eled by a mass/spring system can be applied to our
method. The input to the technique presented in this
paper is simply the output of the technique presented
in (T. Le Thanh, 2005). Such an input is visualized
on the left and middle part of figure 1. The garment
is already positioned around the body but its energy is
very high (the garment is highly deformed compared
to the final result - See the right of figure 1). There-
fore a long computation time is required to obtain an
acceptable result (stable position of the garment).
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Figure 2: Simulation time (average spring error in cm) con-
vergence after 80,000 seconds, spatial resolution 10mm.

The discrete resolution of the cloth used in our
work varies from 50mm to Smm. These resolutions
are nowadays used in most physically-based simula-
tion systems. The higher the resolution, the better the
garment is modeled, but the computing times grows
exponentially.

3 ENERGY MINIMIZATION

Garment models are modeled as triangular or rectan-
gular grids, with points of finite mass at the intersec-
tions of the grids and the mass points are joined by
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where Er;; is the energy of the spring r;;. Cy is an elas-
ticity constant. The function E,, the part of E;
corresponding to tension and shear is calculated by
summing over all springs:

Eejas = Z Erij =G Z kl/(lljij . 1)2 4
r,'jGMe r,'jEMe 1]

where M, is the set of tension and shear springs, k;; is
the stiffness constant of the spring 7;;. Observing that
the tension energy of cloth is always much higher than
the bending energy, we can approximate the bending
along an edge AB by a virtual spring connecting two
points of two triangles sharing the edge AB. (See Fig-
ure 3).

This presentation of the bending force makes
Epeng simple to compute. Ejp,,q is simplified as:

Epena= Y, Erij=Cp Y. ki,-% )

r,-_,-EM;, r,'jEMj, 1]

Structural spring —

Figure 3: Springs structure and energy function.

where M), is the set of bending springs. The parti-
cle’s energy due to gravity is simply defined as:

L

N
Egrav = Cg Z mighi = Cg
=0
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N
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=0

where N is the number of particles, m; is the weight of
particle P;. Cg,Zy are a density constant and the ref-
erence altitude of the system respectively. The energy
of the cloth shape can be represented as:

l..
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In fact, we store these springs in only one array M =
M, UMy, each spring has its own stiffness constant,
E; o1 18 calculated as:

1 L N
Erotal = 3 Y kij(i— ) +Co Y mig(zi—Zo)
r,-jEM ) i=0
(®)

Note that E;,,,; is defined as a continuous function, if
Ij; .

we let a;; = 7~ and call E as E;yq, the partial differ-
ij

ential equation of the total energy can be easily calcu-
lated:

oE a,~—1

= = kii(x; —x;)( J ) 9)
aXi rij;Vi 1\ J az]LEI

8E a,~—1

= kii(vi—yj J (10)
ayi r,-jze:\/,- U( [ ])( aijL,Zj )

oE a,~~—1

— = kij(zi — 2j) (=) 4+ Cgmig (11)
9% rijgvi u( i ])( aijL[Zj ) gMi&

where V; is the set of springs connected to particle P;.
We used the conjugate gradient method to determine
the minimum of E,,,; (William H. Press, 1992). The
result is given in figure 5.
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Figure 4: Multi-resolution of a shirt garments.

We developed a new decomposition method that
can work independently of the cloth structure. The
main idea is to predefine the 2D garments in several
resolutions beforehand. We then determine the corre-
spondences of each particle in a given resolution with
other particles in other resolutions. Given a 3D cloth
particle at a certain resolution, we can calculate its lo-
cation in another resolution without difficulty.

Each garment is discretized in N resolutions. Its
shape S at level n with n = 1..N is denoted by S,,. The
shape is defined by a set of particles {P,}, springs
{R,} and triangles mesh {7,,} : S,(Py,R,,T,). For
each particle p € P,, we find a triangle #; € 7, so
that the distance from p to t; is minimum:

0 if t;
‘p0i| if ¢;

contains p

distance(p, ts { does not contain  p

where o; is the gravity center of #;. The correspon-
dence between p and #; is computed by employing
a positional constraint method. We call pg, p; and
P> the particles of triangle #;, the barycentric coordi-
nates of p on #; are (wp,wi,wz). The particle is re-
constructed so that its barycentric coordinates on the
triangle #; does not change. When the cloth shape S,,_;
is minimized, the new position of particle p is calcu-
lated as follows :

P = Wopo +wip1 +wap2 (12)
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In order to reconstruct S, from S, _;, we have to
know the correspondences of all particles of S, on the
triangles of S,_;. The most time consuming task is
to compute the distance from each particle of S, to
the triangles of S,_;. A naive approach is to compute
the distance from each particle to all triangles. Since
the task has complexity O(K?) with K is the num-
ber of particles, the computation time is small at low
resolution. However, with a higher one (for example
about 30,000 particles), the computing time can take a
whole day. It is unacceptable even if the computation
will be performed only one time before the minimiza-
tion process starts.

We propose an efficient method to compute the
correspondences. This method uses bounding boxes
((Bergen, 1998)) for the set of triangles for each level.
Each node of the bounding box contains a linked list
of triangles. For each particle, we find the node cor-
responding to its bounding box. Distances from the
particle to all triangles contained by the node are com-
puted in order to find the minimum one.

Since the bounding box method has the complex-
ity O(n), we can compute the correspondences for
very high resolution with a reasonable time.

S COLLISION DETECTION

The geometrically based minimization has to han-
dle self collisions and collisions between the hu-
man body and the cloth. Several methods have
been proposed in the last few years (Lafleur et al.,
1991),(Zhang and Yuen, 2000),(Robert Bridson and
Anderson, 2002). We have decided to solve the prob-
lem approximately by not testing particles against tri-
angles and edges against each other; we consider only
particles. Clearly, we now have to hold the particles
a little bit away from the human body or away from
each other to avoid artifacts of not detected intersect-
ing triangles. But this approach saves a lot of compu-
tation.

We have used a hierarchy of bounding boxes for
the garment. The hierarchy is built once at the begin-
ning and the bounding boxes are updated after each
step. For collision detection between the garment and
the human body we hold the particles away from the
body surface at a predefined distance 8. Now we are
able to determine the closest distance between the par-
ticles and the triangles. From the surface normal at
the closest distance we can determine if the particle
is inside the body or just close to it. In any case the
collision response moves the particle so that it is away
from the body by 9.
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Figure 5: Comparison of various prepositionings using the
minimization with the different spatial samplings of the gar-
ment and with the multi-resolution approach.

6 RESULTS

Figure 5 gives some computing times for our energy
minimization algorithm on a workstation INTEL 2.4
GHz. Compared to the results available from our pre-
vious work (T. Le Thanh, 2005) (See figure 1) we de-
signed a new optimization technique which allows to
reduce the simulation time drastically. For example,
in the case of figure 1, the garment simulation lasted
roughly 50,000 seconds to reach convergence. With
the new technique, the same simulation result (com-
pare right of figure 1 with right of figure 7) is ob-
tained after roughly 5,000 seconds only. In the aver-
age, computing time was reduced by a factor of 10.

This is due to the fact that the garment preposition-
ing is now from a very different nature. Before auto-
matic prepositioning designed the garment around the
body with very high deformations (compare figure 1
middle and right) that our simulation took time to dis-
sipate. Now, the automatic prepositioning brings the
garment with almost no deformations (compare left
and right of figure 7) only geometrically and the sim-
ulation is only used for fine tuning, to bring the gar-
ment in contact with the mannequin.

The multi-resolution algorithm gives better results
for minimization. For these experiences we used a
human model with approx. 15,000 vertices. Our al-
gorithm is implemented in C++ and OpenGL.

Our system controls Kawabata characteristics for
tension, shear and bending. This is required to model
the mechanical behavior of garment faithfully.

Eror (mm)

Figure 6: Comparison of complete simulations for a unique
(highest) resolution and for the hierarchical approach. The
multi-resolution starts at: A 50mm, B 25mm, C 10mm. The
simulation can stop at D.
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Figure 7: Result of the prepositioning (left) and after the
complete simulation (right).

7 CONCLUSION AND FUTURE
WORK

We have presented a new and efficient method for gar-
ment simulation. The main feature of this new sim-
ulation technique relies in the design of a powerful
automatic prepositioning of a garment around a man-
nequin. This is obtained by starting from an automatic
prepositioning designed previously (T. Le Thanh,
2005), but we incorporated an optimization algorithm
with allows to obtain a prepositioning result (per-
formed only geometrically) which corresponds al-
most to the final result, thus reducing drastically the
computing time. We studied various optimization
techniques and the hierarchical approach proved to be
the most efficient.

The garment is firstly discretized in various reso-
lutions (from lowest to highest). Once the lowest res-
olution particles system is minimized in a very short
time, the higher resolution is reconstructed and mini-
mized from previous resolutions. Finally, the highest
resolution is minimized within a reasonable time.

At this moment our method handles only cloth-
body collisions. In the near future, we aim to handle
efficiently self-collision between garment particles by
improving bounding boxes algorithm. Each particle
will be kept away from each other at a predefined dis-
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