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Abstract. In this paper, we present an experimental work using a MO-
CAP system and an iterative minimization technique to compute damp-
ing parameters and to measure their contribution for the simulation of
cloth in free fall movement.

Energy damping is an important phenomenon to consider for the 3D
simulation of warp and weft materials, since it has a great influence on
the animation realism.

This phenomenon can be generated either by friction between moving
cloth and air, or by friction between the warp and the weft threads of
the fabric.

The contribution of this paper is to determine viscous parameters of
cloth using precise trajectory data of a real cloth.

1 Introduction

A great deal of work on simulating the motion of cloth, and generally of fabric,
has already been done [1][2][3] and several cloth simulators have been developed
[4][5][6].

The motion of fabric is determined by its resistance to bending, stretching,
shearing, by aerodynamic effects such as friction and collisions [7].

Realism of a simulation is usually used as a criterion to evaluate the accuracy
of simulation and energy damping plays an important role in this search of
realism [8].However, the viscous model parameters used in previously developed
cloth simulators have not been estimated experimentally.

Authors mentioned the use of damping models but do not present the method
to compute these parameters. [8] has developed an algorithm based on per-
ceptually motivated metric, to estimate cloth damping parameters from video.
However, [8] also estimates cloth parameters from video which is a less precise
method than using a MOCAP sytem.

2 Fabric and Damping Model

We model fabric (limited to warp/weft textile materials) using the mass-spring
system developed by Provot [9] and improved by Baraff & Witkin [4].The springs
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have to be fed with correct parameters to meet the realism that we look for
simulation. We use the Kawabata Evaluation System [10] to get the parameters
to fed the springs with. The damping model used is the Rayleigh damping model.
Its mathematical formula is :

[C] = α[M ] + β[K] (1)

where [C] is the damping matrix (n x n), [M ] is the mass diagonal matrix (n x
n), [K] is the stiffness matrix (n x n), α and β are the damping constants, and
n is the total number of masses used to model the fabric.

However, our mechanical model uses 3 different types of springs. So, the
stiffness matrix [K] is decomposed as the sum of 3 stiffness matrices modeling
bending, shear and tensile :

[K] = [Kb] + [Ksh] + [Kt]

Equation (1) becomes :

[C] = α[M ] + βb[Kb] + βsh[Ksh] + βt[Kt] (2)

The linearity of Rayleigh’s model makes it possible to derive the equation above.
The total damping force is :

Fdamp = [C]V (3)

where V is the velocity vector of all masses.

3 Experimental Setup

The experiment consists in dropping a piece of fabric in free fall and measuring its
trajectory using a motion capture system (MOCAP).(see figure 1) The viscous
parameters are then obtained by the adjustment of the simulated trajectory of
this fabric computed by our simulator, to the real trajectory. A sample of 50cm
by 50cm of a fabric (woven in warp/weft) with reflective round markers stuck on
its both sides is thrown in a free fall and the MOCAP system starts recording
the successive positions of the markers.

4 Damping Parameters Identification

Given the data collected by the MOCAP, it is possible to compute the speed of
each mass i and its acceleration (by finite differences). The fundamental principle
of dynamics (F.P.D) is then written for each mass

∀i, miAi = Fi

where Fi is the sum of external forces applied on mass i.
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Fig. 1. 12 cameras of the Motion Capture System (MOCAP)

4.1 Global Minimization

We use global minimization in order to compute the best damping parameters
that fit our data.

Let Ferror = [M ]A − [M ]g − Fsprings − Fdamp (4)

where Fsprings is the springs total force on masses. Damping parameters are
obtained by minimizing the norm of Ferror.

Φ(α, βb, βs, βt) = FT
error.Ferror (5)

Φ(α, βb, βs, βt) is a definite positive quadratic form, so we can find its min-
imum by computing its partial derivatives and making them equal to zero. We
obtain a linear system.

M

⎛
⎜⎜⎝

α
βb

βs

βt

⎞
⎟⎟⎠ = b (6)

We could compute the conditioning number of matrix M to evaluate the solution
stability using :

κ(M) =‖ M ‖ . ‖ M−1 ‖ (7)



792 H. Charfi, A. Gagalowicz, and R. Brun

κ(M) can also be computed as the ratio between the greatest eigenvalue and the
smallest one, since M is symmetric definite positive.

The diagonal terms of M are ”proportional” to the square of the damping
forces corresponding to air viscosity, bending, shear and tension which have se-
quentially values with an order of magnitude greater than the previous one. So,
M is a largely diagonal dominant matrix and its determinant can be approxi-
mated by the product of its diagonal elements. So :

κ(M) ≥
trace(M)

4
4
√

det(M)
� 1 (8)

We notice that the conditioning is very large, so the system is ill-conditioned and
the solution will not be stable.Thus, we propose to compute damping parameters
using iterative minimization.

4.2 Iterative Minimization

The aspect of M suggests us to estimate α first, then βb, βs and finally βt as
the corresponding damping forces increase in this order.

Identification of the Parameter of Viscous Damping with the Air. In
order to make this identification, all springs are omitted. In fact, the viscous
damping force between fabric and air is applied only on masses (springs have a
null weight).

Writing the F.P.D for each mass i, we obtain the following equation :

miAi = mig + F air
damp

where g is the gravity and F air
damp the viscous damping force of the air.

F air
damp = αimiVi

Let F air
error = miAi − mig. We have to compute the α that minimizes

Φ(α) =‖ F air
error − F air

damp ‖2

αi =
(F air

error.Vi)
mi ‖ Vi ‖2

(9)

So, for each mass and for each frame, we obtain an αi. As the textile material is
homogeneous, all αi are equal and do not depend on the speed. So, we compute
αf for each frame as the mean of the αi of this frame and then, we compute α
as the mean of the αf in the viscous part of the movement.

In fact, let’s analyze the example shown in figure 2. The part of the move-
ment between the frames 0 and 40 corresponds to the beginning of the free fall
movement. The speed of the fabric is still very low and the movement of the
fabric is still polluted by the launch (very noisy data).
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Fig. 2. Viscous damping parameter of
the air per frame
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Fig. 3. Viscous damping parameter of
bending springs

Beyond frame 100, the fabric has a chaotic turbulent movement and the
interaction type between the air and the fabric can no longer be modeled using
the Rayleigh model.

So, we compute α as the mean of the αf in the viscous part of the movement,
ie between the frames 40 and 100.

Indeed, in this part of the movement, the fabric has already acquired a min-
imum speed that enables us to measure more reliably a force of viscous friction
with the air (since this force is proportional to the speed of the masses).

In addition, we observe that the movement of the fabric on the video is slowed
down in this part without having turbulent or chaotic movements, and we know
that αf does not depend on the frame, so we have to restrict the computation
to the horizontal part of figure 2.

Identification of the Parameter of Viscous Damping of Bending
Springs. After computing the viscous friction parameter α between the fabric
and the air, we include the bending springs in the simulation. Hence, the model
evolves and allows to take into account forces between two adjacent facets.

A bending spring connects 2 adjacent facets (4 masses) and models the re-
action of fabric to bending. Bending forces are very weak compared to tension
forces or shearing forces, so errors induced by bending springs are much smaller
as well. That is why we have added these springs first to the model (and omit
shearing and tensile springs).

We write the F.P.D for each mass i:

miAi = mig + αmiVi + F b
i + F b

damp(i)

where F b
damp(i) is the viscous damping force of the bending springs.

F b
damp(i) = βb

i (KbV )(i) (10)

where Kb = dF b

dP , F b is the vector of forces produced on masses by the bending
springs and P is the position vector of all masses.
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Let F b(Pi) be the vector of forces produced on mass i by the bending springs.
F b =

∑
i F b(Pi) and F b(Pi) =

∑
r F b

r (Pi) where F b
r (Pi) is the vector of forces

produced on mass i by the bending springs r connected to mass i.

F b
r (Pi) = MKaw

r

dθ

dPi

where MKaw
r is the torque intensity produced by the spring, given by Kawabata

and θ is the angle between the two facets of the bending spring r. So, Kb is a
3n by 3n matrix whose (i, j) bloc (3 by 3) is:

dF b(Pi)
dPj

=
∑

r

dF b
r (Pi)
dPj

(11)

where
dF b

r (Pi)

dPj
= MKaw

r
∂2θ

∂Pi∂Pj
+

∂MKaw
r

∂θ

(
dθ

dPi

) (
dθ

dPj

)T

(12)

Equation (10) shows that the computation of the damping force of a bending
spring on a mass i uses properties of other masses (its neighbors). Thus, we will
directly search for a βb for each frame.

Let F b
error = MA−Mg−αMV −βbKbV −F b where F b is the bending force

vector.
We search for βb that minimizes Φ(β) =‖ F b

error − F b
damp ‖2

βb =
(Ferror.KbV )
‖ KbV ‖2

(13)

Figure 3 shows the βb value found for each frame. βb is computed as before, as
the mean of βb in the viscous part of the movement, ie between frames 40 and
100. (see figure 3)

Identification of the Parameter of Viscous Damping of Shearing
Springs. we use the already determined parameters α and βb to compute the
air and bending springs damping forces. We include the shearing springs in the
fabric model. We write the F.P.D for each mass i:

miAi = mig + αmiVi + F b
i + βb(KbV )(i) + F sh

i + Fdamp(i)

where Fdamp(i)sh is the viscous damping force of the shearing springs.

F sh
damp(i) = βsh

i (KshV )(i) (14)

where Ksh = dF sh

dP , F sh is the vector of forces produced on masses by the shearing
springs and P is the position vector of all masses.

Let F sh(Pi) be the vector of forces produced on mass i by the shearing
springs. F sh =

∑
i F sh(Pi) and F sh(Pi) =

∑
r F sh

r (Pi) where F sh
r (Pi) is the

vector of forces produced on mass i by the shearing springs r connected to
mass i.



Determination of Fabric Viscosity Parameters 795

F sh
r (Pi) = FKaw

r

ds

dPi

where FKaw
r is the spring force intensity given by Kawabata and s is the stretch

of the spring r. So, Ksh is a 3n by 3n matrix whose (i, j) bloc (3 by 3) is:

dF sh(Pi)
dPj

=
∑

r

dF sh
r (Pi)
dPj

(15)

dF sh
r (Pi)

dPj
= F Kaw

r
∂2s

∂Pi∂Pj
+

∂F Kaw
r

∂s

(
ds

dPi

) (
ds

dPj

)T

(16)

We will use the same approach as that one used for computing βb. We start
by computing a βsh for each frame.

Let F sh
error = F b

error − βshKshV −F sh. We search for the βsh that minimizes
Φ(β) =‖ Ferror − Fdamp ‖2

βsh =
(F sh

error.KshV )
‖ KshV ‖2

(17)
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Fig. 4. Viscous damping parameter of
shearing springs
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Fig. 5. Viscous damping parameter of
tensile springs

Figure 4 shows the βsh value found for each frame. We compute βsh as the
mean of βsh in the viscous part of the movement, i.e. between frames 40 and
100.

Identification of the Parameter of Viscous Damping of Tensile Springs.
We use the same approach as that one used for computing βsh

βt =
(F t

error.KtV )
‖ KtV ‖2

(18)

Figure 5 shows the βt value found for each frame. As for the shearing part,
we compute βt as the mean of βt in the viscous part of the movement, i.e.
between frames 40 and 100.



796 H. Charfi, A. Gagalowicz, and R. Brun

5 Results

Using the optimized parameters found, we can evaluate the improvement of
the simulation. We can compute the error force without taking into account
damping Fwithout−damp

error at each step of the identification, and compare it with
Fwith−damp

error . All results are summed up in tables 1 and 2 (fabric 11).

5.1 Air Damping

Results shows that the norm of Fwith−damp
error is smaller than the norm of

Fwithout−damp
error , which validates our work. We notice that damping due to viscous

friction with the air allows to decrease the error by about 50% on average for
this example.

5.2 Bending Spring Damping

We use the already determined parameter α. We compute the error force taking
into account the bending spring damping and compare it with the error force
without damping. The difference between the two error forces is very small. So,
we can neglect the bending springs viscous damping while simulating the fabric
movement in order to decrease the simulation time.

5.3 Shearing Spring Damping

On average the Fwith−damp
error norm is smaller than Fwithout−damp

error norm. Shearing
spring viscous damping decreases the error by 3%.

5.4 Tensile Spring Damping

Results show that tensile spring viscous damping decreases the error almost for
each frame between frames 40 and 100.

The error decrease is most important between frames 50 and 90. On average,
tensile spring viscous damping decreases the error by 9%.

5.5 Other Results Summary

The same experiments have been done with other types of fabrics. The results
are summed up in tables 1 and 2.

5.6 Simulation

We have used the damping parameters found for our study fabric, and we have
simulated a free fall movement using a cloth simulator. Then we have compared
the position of the simulated piece of fabric with the real one.

We observe that in the viscous part of the movement, the simulated cloth
follows faithfully the trajectory of the real cloth.
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Table 1. Damping parameters

α βbend βshear βtensile

mean std mean std mean std mean std

fabric 11 -7.0 1.9 -6.8e-3 2.0e-2 -3.1e-4 2.9e-4 -3.9e-6 4.2e-6

fabric 12 -5.9 2.4 -5.2e-3 1.5e-2 -4.0e-4 4.0e-4 -2.7e-6 3.0e-6

fabric 13 -7.2 2.2 -3.1e-4 2.0e-3 -1.8e-4 4.6e-4 -4.0e-6 5.3e-6

fabric 21 -7.2 2.3 -2.0e-4 5.7e-4 -4.3e-4 6.7e-4 -4.6e-7 5.7e-7

fabric 31 -7.4 1.1 -8.4e-4 3.1e-3 -1.1e-3 6.1e-4 -2.2e-8 6.0e-8

Table 2. Error decrease using optimized parameters

α βbend βshear βtensile

error decrease error decrease error decrease error decrease

fabric 11 50% 0.3% 3% 9%

fabric 12 45% 0.3% 1.1% 6%

fabric 13 51% 0.1% 1.4% 3.3%

fabric 21 48% 0% 2.3% 0.5%

fabric 31 72% 0.2% 36% 0.8%

6 Discussion

This paper describes experiments allowing the measurement of damping param-
eters for cloth simulation, in the case of warp and weft materials. We captured
the behavior of pieces of fabric in a free fall movement using a MOCAP sys-
tem. Then an optimization framework was used in order to compute damping
parameters of the fabric. The validation of these measurements was performed
by comparing real and simulated fabric free falls.

1. Air damping: results obtained for the damping parameter α of the fabric
with the air show that we can use an average value equal to −7. When using
an optimal α, we can decrease the error (numerical error made by ignoring
air damping) by 50%.
So, air damping has an important influence on the realism of cloth simula-
tion.

2. Bending damping: results obtained for bending damping parameter βbend

show that bending damping does not decrease the error. So, there is no
difference if we add bending damping or not in the simulation. Thus, we will
ignore bending damping in future cloth simulation which allows some gain
in computing time.

3. Shear and Tensile damping: These parameters model an inner phe-
nomenon in the fabric, so they depend on the mechanical properties of the
fabric. Fabric 11, 12 and 13 in tables 1 and 2 are three experiments with
the same fabric. We notice, that the computed (βshear) and (βtensile) have
almost the same value.
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Shear and tensile damping decrease the error force, so they add some realism
to coth simulation. However, the amount of error decrease depends on the
experiment.
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mating cloth simulation parameters from video,” in Proceedings of ACM SIG-
GRAPH/Eurographics Symposium on Computer Animation (SCA 2003), 2003.

9. X. Provot, “Deformation constraints in a mass-spring model to describe rigid cloth
behavior,” in Graphics Interface, 1995.

10. S. Kawabata, The standardization and analysis of hand evaluation, The Textile
Machinery Society of Japan, 1980.


	Introduction
	Fabric and Damping Model
	Experimental Setup
	Damping Parameters Identification
	Global Minimization
	Iterative Minimization

	Results
	Air Damping
	Bending Spring Damping
	Shearing Spring Damping
	Tensile Spring Damping
	Other Results Summary
	Simulation

	Discussion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




