R SGE Vol. 11, No. 3, pp. 79-91

Fourier Descriptor Animation of Cloth Flapping in Wind

Janyl Tynystanova®  Norishige Chiba® (Member)
1) Department of Design and Media Technology, Graduate School of Engineering, lwate University

2) Department of Desigh and Media Technology, Iwate University
{ianyl@cg., nchiba@]}cis.iwate-u.ac.jp

Abstract

In this paper we propose an efficient new method fmdeling the natural motion of cloth
flapping based on a stochastic method for wind &nmn and a P-type Fourier descriptor. Many have
studied cloth behavior through modeling and aniorgtibut only a few studies have combined a
stochastic method for wind generation with the [¢aisproperties of cloth motion. However, the
integration of artificial forces may alter the fl@ipg and fluttering motion. We do not use physical
simulation and forces; instead we apply the geeeratind value directly to the cloth motion. We
apply the 1/f# noise in the angles that define the curvature bér§, using a Fourier descriptor
because of its smoothing properties. This allowsuseate a natural cloth shape. Since this agproa
does not require physical simulation based on égusitdescribing the motion, we can easily tune the
implementation using parameters that control tlithcmotion in real time. Moreover, we propose a
few simple techniques to improve the visual realighrfluttering, the appearance of swirling, and
wrinkle effects.

1. Introduction descriptor for open curves.

The modeling and animation of interactive cloth This provides a balance between simplicity and the
behavior is a difficult challenge in the fields a@mputer  realistic simulation of the interaction betweentttland
graphics (CG) and virtual reality. The modelingaoflag turbulent blowing wind that occurs in flag flappifgnner
flapping or a banner fluttering involves complicate fluttering, and curtain waving.
dynamics that depend on the surrounding wind. Tdemno Natural wind is non-frozen, but Taylor's frozen
wind generation and its effect on fluttering motiee must ~ turbulence hypothesis is often employed in apjlioat
implement a cross-simulation. One possible modétaés  because of its simplicity. In the case of frozendyithe
well-known mathematical model of the energy spetiod static turbulence component translates along thed wi
turbulence, derived by Kolmogorov [1]. The powesdal direction.

density of 1/f# noise is similar to the wind-speed The rest of this paper is structured as follows. In
turbulence spectrum, and hence, this noise casdukfar Section 2, we discuss the modeling of cloth motian.
the stochastic approximation of wind. Section 3, we give an overview of the procesd 4f#

Recently, researchers [3, 16] have tried to simulat noise generation and present the basis of opee-curv
curtain behavior using noise generation with gativihal formation using a P-type Fourier descriptor. Intiac4,
force for the motion. The results were good, ba th we describe our approach to the modeling of clattiam
combination of noise with global physical propartgeich ~ We also present algorithms for motion modeling urtiole
as attractive, compressive, and gravitational foleads to  influence of frozen and non-frozen wind based qtyam
slow and unnatural flag animation. noise in 2D and 3D space, respectively. The aromaind

Our model for cloth motion is based on the germrati performance are discussed in Section 5, and thlisrese
of 1/fF noise. Generally, the visualization of the given in Section 6. Section 7 provides concludérgarks.
fluttering behavior of cloth by simulating the irgtetion
with simulated wind field provides physical accyrand 2. Previous works
visual reality. In our approach, the statisticatdvcharacter A survey of the available methods for the modetihg
is introduced directly into the cloth motion usthg Fourier  cloth for structural engineering and computer gcaph
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applications is given in [2].
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3. P-type Fourier descriptor for waving

Most of the existing techniques are based on glysic motion

models. For example, Terzopoulos and Fleischer [6]

We modeled externally influenced cloth motion by

proposed an approach in which the relevant forces a applying 2D and 3D1/ff noise; the values are

determined by implicit integration techniques. 881, the
same authors, in cooperation with Platt and Bare ga
hybrid formulation for the approximation of larg@th

deformations [5].

Later, some researchers, particularly Breen ddjl.
suggested so-called particle-based techniqued. &Mt
Barr [11] developed a technique of controlled sbfect
animation. This technique uses mathematical camistra
derived from physics and optimization theory.

represented as angles of curve inflexions in thari€fo
descriptor.

Two-dimensional noise is often used for the
simulation of natural stochastic phenomena suchiras
flows, the movements of branches and of leavesees,t
waterfall noise, and smoke diffusion [15, 13, 14}, e
used this kind of noise to model wind. Simple aatl n
excessively time-consuming calculations allow usréate
flexible models on the basis of tHg/f? noise. The

Ling et al. [8, 9] developed a technique based onmodels react quickly to any changes in the comditand
aerodynamic theory for modeling cloth deformations parameters made by the animator in real-time. Beeof

induced by airflow.

2D noise means that we cannot implement certain

Bridson et al. [12] developed an approach for the peculiarities of cloth motion, for example, thenfiation of

realistic representation of cloth folds and bendhétion.
This approach uses a mixed explicit and impliciteti
integration scheme with a flexing model based grsiphl
calculations.

In this work, we develop a new approach for modelin
realistic animation of cloth fluttering under timfluence of
wind, using Fourier descriptors and a stochastienigue
for fractional Brownian motion (fBm) generation.erfBm
is also referred to more loosely agf# noise. We use a
simple model of the wind constructed from the spect
density, which was applied by Voss [15] for theegation
of random fields to simulate natural phenomenas Thi

fine non-recurrent wrinkles, folds, gentle flucioas, and
swirling. However, it is possible to animate théedf of
wrinkles even on the basis of frozen wind using a
noise-shifting algorithm. The changing of wind spee
achieved by sequential shifting of values in theeti row
of the 2D noise matrix in the direction of the wind

For the animation of cloth motion under the inflceen
of non-frozen wind, we use a noise of dimensiooraier
higher than the dimension of the considered obj&et.
generate the speed of noise transpositions in the
|Vi(t)|-horizontal and theu(t)|-vertical directions.

model has been successfully employed in compute.1 1/f# Noise model

graphics for the synthesis of trees and grass uhder
influence of a wind field [13]. In another investiipn [10],
a combination of noise and simple dynamic simuiatio
provided a new approach to the animation of tharalat
movement of tree leaves and branches under therict
of a wind field. Stam [14] obtained impressive lsshy
using stochastic models for natural phenomenaifispiy
volumetric blobs, to create his models of smokecmatls.
A noise-based approach has also been used to @wiotat
and curtain flapping [16].

The goal of this work is to offer a method that is
convenient and simple in implementation for cregatin
believable animation of cloth flapping under wind.

1/fF noise can be represented as signals with spectral
density proportional tol/f# [15], where g is the
correlation of the noise as it varies over timez Shectral
density for the three-dimensional ca&8, f>, f3) can be
calculated as

C-Nrand

m(suvz ) @)
where C- Nrand assigns the calibration factor, C is
constant, andNrand is a normal random number ranging
over [0, 1]. For our animation, the noise is vilgusimilar,

if Nrand is chosen as constant. Hereafter, because of the
simplicity of equation (1), the numerator is dedais C. In

S(f1'f2:f3) =

The major difference between previous approachesour implementation, C is set as 20,000. The fBragw

and our method is that we generate cloth motiomguai
noise-based approach, rather than

corresponds to a characteristic frequency spectryifif,

physical-basedihere 5 defines the roughness of noise. The peculiarity of

simulation. That is, our method doesn't require the this noise is that the power spectrumigif? noise is

knowledge on fluid dynamics, elastic dynamics dveirt
computational simulation methods. It is for thigsen that
we call our approach “animation”, instead of “siatian”.
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if § increases, the noise decreases, and vice vefisa. Th
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property makes the noise controllable. For sintplicie
used an algorithm based on fast Fourier transf(ffAE) to
generate the noise.

The generation of one-dimensiondl/f# noise
based on spectral density is achieved in two steps:
Step 1. Define the frequency spectridfk) and the
Fourier transform i, 0 < k < N/2 as follows:

S(k) =5 ,
k2

F(k) = S(k) cos(2m - rand) + iS(k) sin(2m - rand),
where i is an imaginary numbet/—1, and F(k) and
F(N—K) are assumed to be conjugate, i.e.,

F(k) = F*(N — k).

Note that the direct-current componé&if0) takes an
arbitrary real number, because it influences d@yetverage
noise value, whil&(N /2) = 0.

Step 2 Calculate the inverse Fourier transform (1K) of
F(K) using inverse fast Fourier transform (IFFT). Aghe
above algorithm, the two-dimensional noise candfieet!
in terms of the following steps:

Step 1. Define the frequency spectrunk, $ and the
Fourier transform (1), 0 < k,l < N/2.

S(k, 1) = TP
F(k,1) = S(k, 1) (cos(2m - rand) + i sin(2m - rand)).
Note that(8 + 1) should be(8 +n — 1) forn-dimen-
sional noise. The conjugate is assigned as follows:

Fkl) =FN-kN-1), KkI>0
F(GN - 1) =FX(N - k1), k1>0
FO,)  =F*O,N - I), 1>0
Fk0)  =F*N -k 0), k>0

Step 2. Calculate IF{m, n), m,n = 0,N — 1.

3.2 P-type Fourier descriptor

Fourier descriptors are widely used for the detgonp
of curves on a plane surface in the frequency dormaere
are well-known descriptors of the Z-type [18], @eiyf19],

and P-type [17] (in Japanese). The Z-type and &-typ

descriptors are more appropriate for closed cuesused
the P-type descriptor, because it accurately repesdboth

closed and open flexing curves. The low-frequency

spectrum contains significant data on the flexiogve,
with the result that in the contour reconstructiafter
transformation using filters and, in particularcavipass
filter (LPF), the ends of the initial and reconsted curves

coincide one-to-one. The main idea of this apprdach

curve description is as follows. Given a curvehm plane,
we assume that all the segments composing thie euev
of equal length.
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§=1|P(j)—PG -1, j=0n-1

)

The angle formed by vectoB(j) —P(j — 1) and
P(j + 1) — P(j) is denoted ag(j) in Fig. 3.1, where
a(0) is the angle between the first vector and the iX-ax
Angle «a(j) is called an angular bend in the p&i(y). It is
usually in the interval-nt < a(j) < m.

Gngular bend calculated from 1/f# noise\

a(1)

0(2)
% 0(3)
(o

urves reproduced by P-type descriptors

\
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#
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P(1) < o)
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Figure 3.1: Shape description of curves by anglasrmgted
as 1/fF noise.
A total curvature function of the polygonal lineden
consideration is defined as
6(0) = a(0) 3
{9(j)=6(j—1)+a(j),j=0,n—1. ®
Next, a function of the complex variable is defined by
Eq. (4) for a value ob:

o() =exp(i-0()), j=0n—-1 @)
This is a representation of the polygonal linéhimform of
a P-type descriptor.

Thus, a discrete Fourier transform in relationhe t
polygonal line considered in terms of the desaripés the
form

1% Jk
Sk) = NZ w(j)exp (—2mi ;) )
j=0

Next, applying an IFT, the approximation of theiahi
curve has the form

n-1
ik
o) = ). Sexp (2mil) ©®
k=0

In our case, pre-calculatery f#noise of the given
parameters is applied to the input of the P-tygerigor in
the form of anglesf(j). We can apply an appropriate filter
to SK) in frequency domain, if necessary.
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The integration of random number, fBm ®f= 0,
becomes Brownian motion, fBm ¢ = 2. Similarly,
using noise in the form of angles of a P-type datscris
equivalent to the calculation of an integral foisdise) that
results in a significant smoothing effect.
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Step 7. Change the conditions interactively atehjgest
of the user. After changing the wind parameterfao
step 2; for other parameters go to step 3.
For step 3, rearrange the noise values of one nolum
by a given step. In flag motion, we assume thatdwin

This property allows us to assume that for modeling propagates from left to right, so all noise valogéghe

node motion in a rectangular grid, we can applyratined
calculation of a P-type Fourier descriptor ahgf#noise,
instead of solving the differential equation.

4. Animation of cloth flapping
4.1 Motion in frozen wind
To animate the behavior of flexible objects under t

influence of frozen wind, we used a pre-computettixret
1/f# noise. In several applications, Taylor's frozen
turbulence hypothesis is employed for implemematio
simplicity [20]. The algorithm, presented in Fidl shas the
following steps:

Step 1. Initialize the noise parameter and the aiwk

scale of the cloth grid.

Step 2. Pre-calculate a 2D table of noise data.

current column of the 2D noise matrix shift ong $tether
along the cloth grid. The “virtual” velocity of wihis
determined from the number of steps of noise \siiféng.
The bigger the shifting step, the higher is theaist of the
wind. According to the relation between virtual @in
velocity and number of shifted steps of noise \&ineach
column, the speedvi(t)| in practice is reasonable to
adjust within the interval [1, 10]. Using the noise
transposition procedure, we can obtain frozen wind.

For step 5, satisfy the constraint on the distance
between neighboring grid rows, using the 2D noia th
make a model of the noise movement along the rafdes
the rectangular grid that represents the cloths Titmdel
describes the movement from one node to the riegthy
step, at every time cycle, thereby providing wake-l

Step 3. Rearrange the noise values (see explanatiobending propagation along the wind direction that i

below).

Step 4. Generate the 2D grid surface using th&e noi
generated in step 2 and re-assembled in stepn8, aisi
P-type Fourier descriptor to calculate the positioirthe
grid nodes.

Step 5. Satisfy the constraint (see explanatiaw)el
Step 6. Perform the animation.

;ZD fBm generation by FFT

Formation of grid surface

reminiscent of flag flapping. This is shown in Fg2.
4.2 Motion in non-frozen wind

In practice, the visualization of flag flappingaurtain
movement requires a more detailed reconstructiotieof
physical model. To enhance the visual reality anmidvide
a better realization of the real motion, we de\ediogn

I

Gi_. j=0n-1
Shift fBm2D

c

7 (A41)/2
VE+ 1

S(f:l'fz):
F = S(fy.f;) - {cos(y T ;) Ti-sin(py + @3)}

@F

Filtering (LPF. HPF)

4

InverseFFT

............................... s —

noise
Position definition ]

P¥(k,j+1) = P*(k,j) + L-cos (6))
PY(kj+1) =P’ (k))
P? (k,j+1) = P* (k,j) + L-sin (6))

U

4 L
lrl ™
k=0n-1

Lk=0n-1
Satisfy row distance
constraint

P(k+1,j) =P™™(kj) +

Figure 4.1: Cloth surface generation for each franaker frozen wind, wheteis the threshold distance of two neighboring lines,
P(k, j)is the current position of grid node, arjds|the current distance between two nodes locategighboring grid

rows.

82



-==* Wind propagation direction

Figure 4.2: Wind propagatian cloth surfac

animation algorithnbased on an increase in the order of
noise matrix dimensiomelative to the modeled obj.
Approximating wind in this way makés implementation
of complex cloth surface deformatipossible because the
wind value changes in 3D space wéiiich time stef\We
will call this type of wind approximationor-frozen.
This algorithm has the following steps:
Step 1. This is step is the same asfthdtozen winc
Step 2. Generate the 3D noise datang the 3D nois
matrix according to Eq.(1), whemn = 3, and the
algorithm mentioned in Section 3.1.
Step 3. Rearrange the noise valofesne row by a give
step from the end to the beginning (see explan
below).
Step 4. Apply the noise matrix the P descriptor (see
explanation below).
Step 5. Generate the animation.
Step 6. Adjust the noise parametarg,then go to step 2.
For step 3, the noisghifting procedure for ne-frozen
wind appraimation through the example rope motion is
as follows. Each row of 2D noise detpresents one fran
Thus, the elements of the first row @@ changed;hifts
are executed beginning from the sectawd For example,
in a onestep shift, one element is rearranged from the
of the second row to the beginning. The whole I
shifted to the right by one step. In the third , two
elements at the end ashifted to the beginning in suct
way that the next-t@ast element becomes the secand
the last element becomes the first, and so onleBiynfor a
two-step shiftye rearrange two elements from every
This procedure is shown in Fig. 4.3.
In the case of 2D object motiohgtverticaslices of
the 3D noise matrix determiitee shape of the cloth for o
frame. To trargose a frame from left to rigiwe perform a
shifting procedurein the XZ plane, which defines t
horizontal direction of the wind velogityv(t)|. In the XY
plane, for the swirling effectye use the vertical direction
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Figure 4.3: Shifting of 2D fBm.

the wind velocity, [u(t)|. Thus, ([Vv(t)| + [d(t)]) is the
diagonaldirection of the shiftig procedure. The scheme
for cloth formation in norirozen windis shown in Fig. 4.4.

For step 4 applywery line ofthe noise array to an
entry of the P descriptor. Thesulting set clines represents
one frame. e bending curve represents one freby
considering the input nois@lueas a curvature angle. The
fluctuation function of1/f# defines the degree of the
curvature angle.

Number of yarns

One slice of 3D fBm noise

Cloth surface generated by non-
frozen wind

Figure 4.4: Animatioiechnigu for cloth flapping motion with
non-frozen wind.

5. Animation and performance
5.1 Material and geometrical characteristics of cloth
In our modela cloth is represent geometrically as
connected nodes in a 2l grid
The dsplacement of noise ithe horizontal direction
generates a movementtarsections othe horizontal and
vertical lines of thegrid are called nodes, ¢ the lines
connecting these nodes are called horizomd vertical
branches. The sets bbrizontal branches ¢ called yarns
(Fig. 5.1).
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Figure 5.1: Textile structure in

The movements in space @meagreemel since they
are formed from noise. Specificalip the case of aD
noise, the same noise valuesteaasmitted vertically to &
nodes of the curtaiand every yarn is fixed at one end,
another end moves freely. Thertical distance between
the yarns remain uncontrolled-or this reas¢, a
nondimensional cloth stretching is observed during
motion. However the length of each threaremains
unchanged as a result of thguality ofthe segments that
form one yarn. This peculiarity comegectly from the
definition of the Fourier descriptoHence, to provid
flexibility and elasticity to the cloth, gufficesto maintain
definite distances between yarns,dadelasticity to satisfy
the appropriate scale of the cell grid.

One of the most common approaclfor obtaining
the required cloth properties is tBpring model. In the
application of this model, it imecessary to recalcul:
distances between close and distaighbors many time
at every stage. In our model aftdoth shape formation,
each node position is correctaetording to relationst (7).
Note that in our model we performo contrcling if the
distance between vertical branchesnsall because this
provides folds on the cloth surfadgestead, w ensure that
it does not exceed a given threshdistanc L. Thus, to
maintain a given distance betwegrn;, the yarns should
be aligned relative to the indicated yarfhisyarn is called
the leading yarn. Thalignment may be done relative to
uppermost or lowest yarnahich correspond to the upj
and lower cloth edge, respectively.

r
P(k+1,)) =P"(k,j)+—

- L,
||
k=0n-1

whereP(k+1, )) is the position of the node after correcti
P"®W(k,j) is the position of adjacemf the node after
correctiony is a vector defined &k, j) - P(k+ 1,j), and
L is the threshold distanbetween two vertical nod

The elongation of the left edge oflag is defined by
the wind strength assigned by compgubur observations
with the Beaufort scal@hus, the coordinates of the no
on the left edge are

)
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Amplitude of 1/f# noise

X
.’.
o

Figure 5.2: Cloth edgmodeling.
P*(k,0) = Wicos(y + o), k=0,n—1
PY (k,0) = —Woy(1 + o),
P? (k,0) =n-k,

)
T km

Y:;: ak=71

where n is the number of nod, W, is the vertical
elongation, and¥, is thehorizontalelongation (see Fig.
5.2).

Note that thearoperties of cloi, such as branch or yarn
length, mean “virtual’size anddo not match the real
physical size of cloth. Giving different number of cells in
a grid makes it possible thane the visual impression,
such as the thickness and sifecloth. Essentially, in our
implementation, the scale otartain model wachosen to
have branch-width = 0.6 armlancl-height = 0.4, and that
of a flag and banner model v set as 0.5 and 0.3,
respectively, butvith a differenisize grid.

5.2 Real-time control of motion

Animators often need a model th: realistic and has
easy-to-use tools fgrarametetuning. We have achieved a
compromise between treecuracy ofthe model and the
time needed to create Dur model has the following
interactive parameters:

1.  Wind speed

2. Vibration amplitude

3.  Degree of cloth smoothness awinding

4.  Swirling value

5. Twisting motion

6. Flattening line

The wind speed for 201 /f# ranges from 1 to 10. In
our case, a wind speedfsh lreeze on the Beaufort scale
was visually reproduced ksetting [V(t)| = 10 and 50
fps. The vibration amplitude:, which defines the angle of
deviation relative to the verticis in the interval fm, mt] it
defines. The amplitude of cloth fluttering corresponds
wind speed, withgreater amplitu¢, corresponding to
higher wind speed\e observedxperimentally that for the
modeling of flag and banner flapp in gentle breeze, a

T

sufficient range for the peakHeak amplitude is{— g ;].
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Table 1. Observations for wind speed with paramefeour performance.

Beaz:;;t)scale Observation Model 0 B |IV(®)]||u(t)||BPF range
Light Breeze Banner lightly fluttering frozen |[-1.4,1.4]25-3.0 1 0 [3,7]
2.7-36 non-frozen|[—-1.4,1.4]25-30 2 | 1 | [3,7]
Gentle Breeze |Banner intensively flapping frozen |[—1.4,1.4][2.0-25% 2 1 [3,7]
3.6-7.2

non-frozen|[—1.4,1.4][2.0-2.% 8 0 [1,7]
Gentle Breeze | Light curtain moving toward winglfrozen [-1.9,1.9]2.0-3.0 2 1 -
3.6-7.2

non-frozen([—1.9,1.9]2.5-3.0 4 0 -
Moderate BreezeCurtain intensively fluttering frozen [2.8,280-3.0 1 0 -
8.9-125 non-frozen| [ T T 25-3.0 10 1 [1, 6]

2'2

Gentle Breeze |Light flag flapping frozen [—1.4,1.4][2.5-30 2 1 3, 5]
3.6-7.2 S '

non-frozen| [-0.8, 0.8] [2.0-3.0 2 1 [3, 6]
Moderate BreezeUncurling of flag frozen [_E m 2.8-3.0 3 1 [3, 5]
8.9-125 2’2

non-frozen|[—2.0,2.0]2.7-3.0 4 0 [3, 6]

The degree of cloth smoothness may be given by a

We confirmed that the motion was visually realistic

combination of the values fg8 and 6.

Given the different number of steps418, and 10)
for shifted noise values, we can change the virtiadl
velocity |v(t)| of wind. In this way, we learned
experimentally thafv(t)| = 1,2 corresponds to a light
breeze with speed 2.7 — 3.6 m/s, whereas chodsifty|
= 4,8, models a wind with a 6 — 7.2 m/s speed. On the
other hand, by giving a step of noise transpositiothe 6.1 Fluttering motion
vertical directionu we can obtain a swirling effect. In our The results of the curtain fluttering motion based
implementation, only 0, 1 and 2 values occurre@ (se 2D and 3D noise are shown in Figs. 6.3 and 6.4 s\iéft
Table 1). leading yarn and a swirling value for a frozen wing

We can also choose a flattening line interactively. observed wind flow from the left side. This perfamoe
There are three choices: the alignment can be aong suggests a slow wind, described in Table 1 as #egen
the upper, central, or lower edge of the grid. breeze.

The computational times for 2D and 3D f# noises
are 0.219 s and 2.798 s, respectively, where gizeatch
2D matrix is 256< 256.

comparison with real motion in a video of theseedtsj
Figs. 6.1 and 6.2 illustrate comparative results/idéo
capture with animation. The animation results were
obtained using a computer with an Intel Core (2Hz)G
processor, 2 GB RAM, and an NVIDIA GeForce 9400GT
video card.

6.2 Flag and banner in frozen/non-frozen wind
Flag flapping under a strong wind (a moderate
breeze) was performed using a band pass filter
(BPF), which allows wrinkle motion (see Fig. 6.5).
Fig. 6.6 shows the results of flag animation for a
frozen wind (gentle breeze). Fig. 6.7 shows a
screenshot of animated results of a banner for
frozen/non-frozen wind. The figure shows results of
these tests with different wind speeds, as well as
changes in other parameters.

The results for cloth motion modeling confirm
the usability of our method based on the combined
application of 1/f# noise and a Fourier descriptor.

6. Results

In this section, we present the results of clathding
animation. The wind velocity in our animation igusted
intuitively. Thus, wind velocity for flag and barmne
animation corresponds to a number of shifted elesran
the noise matrix in the horizontal direction on the other
hand, the magnitude of folds is determined by timabrer
of shifted elements in the vertical directidin In order to
make the cloth flapping animation under the appnesed
wind believable, it was compared with a descriptibreal
objects (curtain, flag, and banner) in accordanitle thve
Beaufort scale.
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Figure 6.1: Théeft picture is a video capture of cloth flapping in gentle breeze; the right is a screenshot
from cloth animation in a non-frozen wind with the following parameters: g = 2.7, [V(t)| =2,
[W(t)| =1, 6=[-1.9,1.9].

Figure 6.2Comparison between video capture and animatiotisedtiag flapping in a frozen wind (light breé:
B =27, [Vv(t)| =2, [u(t)| =1, 6=[-1.4, 1.4].

86



AR AR SCEE Vol. 11, No. 3, pp. 79-91

Figure 6.3: Light curtain animation irffrazen wind: g = 2.7, |v(t)| =2, [u(t)| =1p =[1.9, 1.9.

Figure 6.4: Light curtain animation imar-frozen wind: g = 2.7, |V(t)| =4, |u(t)| =0, 6=[-1.9, 1.9].
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=]

Figure 6.5Flag animation in a non-frozen wind: § = 2.7, [V(t)|=4, |u(t)|
Figure 6.6Small ﬂag animation in a frozen wind.:
£ =28, V(t)| =2, [w'(t)| =1, 8=[-1.4, 1.4], BPF [3,5].

=0,0 =[-2.0,2.0], BPF 3, 6].

N
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(@ V()| =2, [u'(t)| =1,BPF [3, 7]

o [¥(t)| =8, [w()| =0, BPF[1, 7]

...--"""."-_

Figure 6.7: Banner simulation for a) frozen, and b) non-frozen winds: g = 2.5, 6=[-1.4, 1.4].

The model describes flapping and fluttering cloth
movements with sufficient accuracy.

In practice, it 1s important that non-linear and
anisotropic cloth motions can be obtained without
time-consuming calculations.

7. Conclusions
We have proposed an effective approach for the
generation of cloth motion under the influence of

wind, with the parameters controllable in real-time.

This approach is based on the application of 1/f#
noise for the wind approximation and uses a P-type
Fourier descriptor. We animate the flapping of a
flag fixed at two ends with its left edge stretching
under the influence of winds of different strengths.
We use simple arc-like stretching and determine
the far left positions using noise. By applying shifts
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in the 1/f# noise matrix, we were able to
implement twisting and wrinkle effects. The
alignment of the grid’s longitudinal lines allows us
to control the formation of slight bends at the cloth
edges. Using the frequency-domain filtering
spectrum, the user can operate the formation folds.
The user can directly control parameters such as
the wind speed or wrinkle effect to visualize the
peak-to-peak amplitude of the fluctuations or to
simulate the motion of light or heavy cloth.

We have also proposed an animation algorithm
that simulates cloth motion under the influence of
a non-frozen wind.

Implementing cloth-flapping behavior using
our approach is simple; on the other hand, because
our method doesnt consider any collision and
gravity, our method has no abilities for simulating
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interaction with the cloth itself and between the
cloth and any other objects.

In future work, we will consider vertical folds on
the cloth surface. These often appear in flag
flapping.
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